


 
National List Coordinator 
USDA/AMS/NOP, Standards Division 
1400 Independence Ave. SW 
Room 2646-So., Ag Stop 0268 
Washington, DC 20250-0268 
 
 
Re: Petition to add Vinasse (beet-, cane-) as a synthetic substances allowed for use in organic 
crop production, § 205.601  
 
Dear NOSB Committee,  
 
BioBizz Worldwide NV requests that the National Organic Standards Board (NOSB) review the 
enclosed petition to add Vinasse (beet-, cane-) as a synthetic substances allowed for use in 
organic crop production, § 205.601.    
 
Vinasse (beet-, cane-) is a by-product of the distillation of alcohol liquors and from yeast and 
amino/organic acid production through the fermentation of sugarcane and/or sugar beet 
molasses, a by-product of sugar manufacturing. Studies of the use of molasses vinasse as an 
agricultural fertilizer have been documented since the 1940’s. Studies indicate that vinasse is 
high in important minerals, vitamins, and organic acids necessary for crop production, and 
improves the soil organic matter content in a manner that does not contribute to contamination of 
crops, soil, or water by plant nutrients, pathogenic organisms, heavy metals, or residues of 
prohibited substances.  
 
Molasses vinasse (beet-, cane-) has previously been classified as a non-synthetic substance by 
accredited certification agencies (ACA’s) and the Organic Material Review Institute (OMRI).  In 
January, 2010, OMRI notified BioBizz Worldwide NV that molasses vinasse was determined to 
be a synthetic substance due to inclusion of sulfuric acid or sulfur dioxide during processing of 
sugar and alcohol, yeast or amino/organic acid products.  
 
Thank you in advance for you time and effort.   
 
Jetze de Raad 
BioBizz Worldwide N.V. 
C/O BB Products, BV 
Koldingweg #7 
9723HL Groningen – The Netherlands 
 
Submitted for BioBizz World Wide by: 
The Organic Consulting Firm 
28999 Old Town Front St. Suite 101 
Temecula, CA 92590 
760-802-0134 
 



Vinasse (Cane-, Beet-) 
Crop Production 
 
A. Please indicate which section or sections the petitioned substance will be included on and/or 

removed from the National List. 
• Synthetic substances allowed for use in organic crop production, § 205.601.  

B.  
1. Substance chemical or material common name:   

Vinasse (beet-, cane-)  
Byproduct obtained after fermentation of beet or cane molasses during the production of 
alcohol, yeast, and amino/organic acids.  Also known as molasses vinasse, stillage, 
molasses stillage, distillery wastewater, distillery slops, cane molasses solubles (CMS). 
 

2. Manufacturer or producer name, address, phone & contact information:  
BioBizz Worldwide, NV 
BB Products BV 
Koldingweg 7 a 9723 HL 
Groningen, Holland 
Tel: ++31(0)50-5492618 
Fax: +31(0)50-5497883 
Info@biobizz.nl 
 

3. The intended or current use of the material. 
Vinasse (beet-, cane-) used as a Plant Nutrient/Soil Amendment in organic crop 
production. 
 

4. A list of the crop, livestock, or handling activities for which the substance will be used.  If 
for crops, the substance’s rate & method of application must be described. 
Vinasse is used as a plant fertilizer and soil amendment in crop production.  Depending 
on soil and plant nutrient requirements and cultural practices, vinasse may be applied at 
1-2% diluted solution to land (80-160 liters per acre) through irrigation or foliar spray for 
direct absorption by the plant.  Vinasse may be used as a compost ingredient in the 
composting of raw manure and/or other plant materials such as straw, plant residues, etc.  
When applied directly to land, it may be applied 30-40 days prior to planting which 
allows the organic matter in the vinasse to naturally break down; increasing beneficial 
microbial activity and mineralization in the soil.  Vinasse may be mixed with a nitrogen 
source, such as fish emulsion, for a more complete liquid fertilizer. 
 

5. Source of the substance and detailed description of its manufacturing procedures from 
the basic components to final product. 
The production of Vinasse (beet- and cane-) begins with the processing of Sugarcane and 
Sugar Beets to produce sugar, pulp, and molasses.  Vinasse (beet-, cane-) is a byproduct 
of the further processing of Molasses (beet-, cane-) during the production of alcohol, 
yeast, and amino/organic acids.     
 

mailto:Info@biobizz.nl


The processing procedures described in this petition were researched through literature 
listed in the reference section.  The literature reviewed indicates that sugar beets and 
sugarcane are similarly processed around the world with some variation due to region or 
government concerns.  The most common method of production is summarized below.   
 
Sugar Manufacturing Process: 
The main purpose of processing raw sugarcane and sugar beets is to extract sugar 
(sucrose) to be sold as raw or refined crystalline sugar and syrup.   

• Byproducts of sugar beet processing are beet pulp and molasses.  Beet pulp may 
be mixed with molasses, dried, and sold as livestock feed.   

• Byproducts of sugar cane processing include bagasse, molasses, and filtercake.  
Bagasse, the fibrous residue of cane, is primarily used as a fuel source for boiler 
and lime kilns at the processing plant, but also for the production of various paper 
and panel board products, as agricultural mulch, and as a raw material for the 
production of chemicals.  Dried filtercake is used as an animal feed supplement, 
agricultural fertilizer, and as a source of sugarcane wax.  

• Sugar Beet and Sugarcane processing produces two forms of molasses: edible 
syrup and blackstrap (inedible for humans).  Blackstrap molasses (beet and cane) 
is used as an animal feed additive and to produce alcohol (ethanol) liquors, 
compressed yeast, and amino and organic acid products.  

 
Sugar beets and cane are harvested and shipped to a processing facility where they are 
cleaned, chopped, pressed, and/or crushed to extract juice.  Water and/or juice may be 
added during the extraction stage.   In addition, in accordance with governmental 
requirements, mill sanitation, or available technology, sulfur dioxide, chlorine, 
ammonium bisulfite, or commercial government-approved biocides may be used as 
disinfectants during the juice extraction process to prevent bacterial growth in the raw 
juice.   
 
The raw juice is clarified, evaporated, crystallized, separated from byproducts by 
centrifugation, and dried.  The clarification process may be performed prior to or after the 
evaporation process.  Some sugars are further refined prior to storage and packaging.   
 
Clarification is done almost exclusively with heat and lime (as milk of lime or lime 
saccharate).  A small amount of soluble phosphate and polymer flocculent may also be 
added.  The juice is blended with milk of lime.  Milk of lime [Ca (OH)2] is added to 
absorb or adhere to the impurities of the mixture.  CO2 gas is bubbled through the 
mixture to precipitate the lime as insoluble calcium carbonate crystals.  The small 
insoluble crystals are separated from the clarified juice by gravity or through 
centrifugation and filtration.  After filtration, a small amount of sulfur dioxide (SO2) may 
be added to the juice to inhibit reactions that lead to darkening of the juice.  SO2 is 
primarily used in the processing of beets and green, immature cane.  Most facilities 
purchase SO2 as a liquid but a few produce SO2 by burning elemental sulfur in a sulfur 
stove.  The clarified juice (also known as thin juice) is transferred to the evaporators. 
 



Clarified juice passes through a series of five evaporators to concentrate the juice.  
Crystalline sugars produced later in the process may be added to the juice and dissolved 
in the high melter.  This mixture, standard liquor, is filtered and proceeds to the 
crystallization process.   
 
Sugar crystallization is a two-step process and starts by low temperature boiling in 
vacuum pans.  The standard liquor is boiled until it is supersaturated and then discharged 
to the mixer (crystallizer).  To begin crystal formation, the liquor is either “shocked” 
using a small quantity of powdered sugar or is “seeded” by adding a mixture of finely 
milled sugar and isopropyl alcohol.  The crystals are grown through careful control of the 
vacuum, temperature, feed-liquor additions, and steam.  When the crystals reach the 
desired size, the mixture of liquor and crystals known as massecuite (A massecuite) is 
transferred to high-speed centrifugal machines, in which the mother liquor (A molasses) 
is separated from the sugar crystals.  The A molasses is returned to the vacuum pans and 
re-boiled to yield a second massecuite (B massecuite), that in turn yields a second batch 
molasses (B molasses) and sugar crystals.   The raw sugar is combined with the first crop 
of crystals, which may be packaged and distributed as raw sugar or further processed into 
refined sugar.   
 
The B molasses is boiled again to form a low-grade massecuite (C massecuite), which 
yields black strap molasses and a low grade sugar.  This low-grade sugar is mingled with 
syrup and is sometimes used in the vacuum pans as a “seeding” solution.   
 
Raw sugar that is further processed to refined sugar is washed to remove residual 
molasses.  The syrup from the wash water, called affination syrup, is transferred to a 
remelt processing station and reduced in volume to form massecuite.  The molasses and 
sugar crystals are separated from the syrup through centrifugation.  The molasses is 
known as blackstrap molasses.   
 
Blackstrap molasses (molasses) from the third stage of raw sugar production and first 
stage of refined sugar production is a dark, thick, viscous liquid.  Molasses contains 45 to 
55 weight percent fermentable sugars, in the forms of sucrose, glucose, and fructose, and 
organic content including vitamins, minerals, proteins, and amino acids.  There are 
several grades of molasses depending on the sugar content, ash content, and color.  
Molasses (beet, cane, or a combination of both) is primarily used as a livestock feed 
additive and as a feedstock in the fermentation process of ethanol as a beverage, 
industrial chemical, or biofuel, and in yeast propagation, and amino and organic acid 
production. 
 
Molasses Fermentation Process: Alcohol, Yeast, and Amino/Organic Acid Production  
 
Molasses Fermentation Principles 
The principles of fermentation of molasses in alcohol, yeast, and amino/organic acid 
production processes are the same throughout the world, although specific processes may 
vary in some regions due to feedstock type and quality, cultural practices, available 
technology, and governmental requirements.  Additionally, the distillation process for 



alcohol production may vary according to the purpose of the alcohol, such as industrial 
ethanol, or varying types of beverages, such as rum and whiskey.  
 
Blackstrap molasses is transferred to storage tanks at a distillery or processing facility.  
Molasses is transferred from storage tanks to the fermentation tank where it is tested for 
pH, bacterial, and essential mineral levels.  Sulfuric acid is used to adjust and maintain 
the pH level during fermentation.  Water and yeast are added to the molasses mixture to 
start fermentation.  The molasses mixture is allowed to ferment for 12-40 hours for rum 
and industrial grade alcohol, biofuel, yeast propagation, and amino/organic acid 
production.  Strains of bacteria may be present in the molasses from the local 
environment of the sugar manufacturer, may be present in the local water of the distillery 
which is used during fermentation, or specific strains of cultured bacteria may be added 
to the molasses mixture at the same time as the yeast cultures during the fermentation 
process.  In some areas due to cultural practices or governmental requirements and 
depending on the grade and contamination level of the molasses, the molasses may be 
sterilized by high-pressure steam, by the use of antibiotics such as penicillin, or the use of 
bactericides such as chlorine dioxide, ammonium bifluoride, or quaternary ammonium 
compound prior to fermentation.  Ammonium compounds or yeast extracts may also be 
used to raise the nitrogen level of the solution to required levels necessary for 
fermentation. 
 
Alcohol Distillation Process 
Ethanol (C2H5OH), also called ethyl alcohol, pure alcohol, grain alcohol, drinking 
alcohol, or simply as alcohol or spirits, is an organic compound in the class of alcohols 
that is naturally produced through the fermentation of sugars (carbohydrates) with yeast.   
The production of ethanol, from sugar crops, starch crops, dairy products, or cellulosic 
feedstock co-produces stillage.  Stillage, also called distillery wastewater, distillery pot 
ale, distillery slops, distillery spent wash, dunder, mosto, vinasse, and thin stillage, is the 
aqueous byproduct from the distillation of ethanol following fermentation of 
carbohydrates.   
 
After fermentation, as described in the “Molasses Fermentation Principles” section of this 
petition, the yeast, which has settled to the bottom of the tank, is separated from the 
liquor mixture called fermented beer.  The separated liquor mixture is fraction distilled.   
Batch distillation may be performed with various types of equipment.  The simplest form 
is a single simple pot still.  The fermented beer is heated in a pot fitted with a vapor pipe, 
which leads to a condenser coil immersed in a water tank.  As the beer is heated, the 
alcohol and other volatile congeners are distilled off, condensed, and run into a storage 
tank.  The process is continued until most of the alcohol has been distilled out of the beer.  
The beer residue, or stillage, is emptied out of the pot and the distillate is returned from 
the storage tank to the pot to be redistilled to increase the proof.  Stillage (vinasse) is 
removed from the first distillation tank.   
 
Yeast Propagation 
Yeast propagation follows the fermentation process described in the Molasses 
Fermentation Principles section of this petition, including the usage of an additional 



nitrogen source, and may include the addition of vitamins, as well as phosphates and 
magnesium, in the form of phosphoric acid, phosphate salts, and magnesium salts.  Yeast 
cells are grown in a series of fermentation vessels.  Yeast fermentation vessels are 
operated under aerobic conditions.  Once the optimum quantity of yeast has been grown, 
the yeast cells are recovered at the final fermentation stage by centrifugal yeast 
separators.  Vinasse is the remains of the feedstock after the final fermentation stage.  
 
Amino Acid/ Organic Acid Production 
 
Production of amino acids, i.e. glysine or glutamic acid, and organic acids, i.e. lactic or 
citric acid, follows the fermentation process described in the “Molasses Fermentation 
Principles” section of this petition.  Amino acid production, such as glutamic acid, mainly 
uses specified bacterium for microbial fermentation and may use oleic acid as an 
antifoam agent when necessary.  Organic acid, such as lactic acid, generally require 
complex nutrients such as amino acids and vitamins for cell growth.  Yeast extract is the 
most commonly used nitrogen source which provides vitamin B complex content, in 
addition to organic nitrogen.  The buffering capacity of molasses is an advantage in 
slightly lowering and maintaining pH balance.   
 
 
Vinasse Resource Recovery 
Since the 1980’s, environmental awareness has promoted more stringent requirements for 
proper disposal or renewable resource recovery of the large amounts of solid waste 
(bagasse, pulp) and wastewaters (molasses, vinasse).  Vinasse is used as feedstock in 
biofuel production and as an agricultural fertilizer and soil conditioner.  Vinasse has 
important qualities as an organic fertilizer, containing macro nutrients such as nitrogen, 
potassium, calcium sulfate and magnesium, and chelate organic material with 
micronutrients such as iron, manganese, zinc, and copper.  Due to the high content of 
complex B vitamins and amino acids from yeast autolysis, vinasse is also used as a soil 
conditioner for the production of beneficial microorganisms in the soil and as an 
ingredient in the animal feed formulations. 
 
BioBizz Worldwide, as the fertilizer manufacturer submitting this petition to the USDA 
National Organic Program and the National Organic Standards board, purchases vinasse 
as a complete ingredient and is not involved in the sugar, alcohol, yeast, or acid 
production processes.  The vinasse ingredient obtained is packaged for sale by BioBizz 
Worldwide with either no further processing, or is mixed with fish emulsion and may be 
diluted with water prior to packaging for use as liquid fertilizer products. 
 
 

6. Summary of any available previous reviews by State or Private certification programs or 
other organizations of the petitioned substance.  If information is not available, petition 
must state so. 
 
Vinasse (beet-, cane-) has been classified as a non-synthetic substance by accredited 
certification agencies (ACA’s) and the Organic Material Review Institute (OMRI).  



OMRI recently withdrew its approval of Vinasse due to the inclusion of sulfuric acid or 
sulfur dioxide during processing of sugar and the processing of molasses into alcohol, 
yeast, and amino/organic acid products.  Molasses is currently listed on the generic 
OMRI list as an allowed nonsynthetic crop fertilizer and soil amendment with the 
annotation stating the material may be from nonorganic sources and must be from non-
genetically modified plants.   
 
BioBizz products containing beet/cane vinasse were removed from the OMRI List of 
Approved Products in January 2010, when BioBizz submitted a new MSDS, provided by 
the supplier, indicating that sulfuric acid was used during processing of the vinasse 
ingredient.  Research for the OMRI appeal process and for this petition, including the 
estimated percentage of organic sugar production and sales worldwide, indicates that over 
95% of molasses vinasse contains sulfuric acid from some point in the sugar 
manufacturing and the fermentation of molasses in alcohol, yeast, and amino/organic acid 
production processes.   
 
International Organic Regulations 
 
European Union 889/2008  
Annex 1, Fertilsers and soil conditioners as referred to in Article 3(1): allows  

• Stillage and stillage extracts, excluding ammonium stillage, for use in organic 
crop production.   

• A composted or fermented mixture of vegetable matter from product obtained 
from mixtures of vegetable matter, which have been submitted to composting or 
to anaerobic fermentation for biogas production. 

• Industrial lime from sugar production a by-product of sugar production from 
sugar beet 

 
Annex V,  Feed materials referred to in Article 22(1), (2) and (3): allows  

• Section 1.4 Tuber, Roots, their products and by-products: Sugar beet pulp 
• Section 1.7, Non-Organic Feed Materials of Plant Origin, Other plants, their 

products, and by-products: Molasses.   
 
Annex VI, Feed additives and certain substances used as in animal nutrition referred to in 
Article 22(4):  

• Section 3, Substances allowed for silage production: sugar, sugar beet pulp, and 
molasses. 

 
Annex VIII, Section B- Processing Aids and other Products, which may be used for 
processing of ingredients of agricultural origin from organic production: allows 

• Sulfuric acid for sugar(s) production. 
 
 
Codex Alimentarius, Annex 2, (Codex Alimentarius, 2009) 
Annex 2, Permitted Substances For The Production of Organic Foods 
Table 1: Substances for use in soil fertilizing and conditioning: allows 



• Stillage and stillage extracts, excluding ammonium stillage 
• By-Products of the sugar industry (e.g. Vinasse), Need recognized by the 

certification body or authority. 
 
Table 4, Processing Aids which may be used for the preparation of products of 
agricultural origin referred to in section 3 of these guidelines: allows  

• Sulfuric Acid for pH adjustment of extraction water in sugar production. 
 
CARTV- Canadian Organic Regulation CAN/CGSB-32.311-2006, amended December 
2009  
Section 4.2 Soil Amendments and Crop Nutrition: allows Non GMO 

• Molasses, Shall be organic molasses unless not commercially available. 
• Sugar, Organic sugar may be used as an ingredient in a crop production aid.  
• Stillage and stillage extracts, ammonium stillage is prohibited 

 
7. Information regarding US FDA, EPA & state regulatory authority registration, including 

registration numbers. If this does not exist, state so in petition.  
No US FDA, EPA, or state regulatory authority requires registration of beet or cane 
molasses vinasse. 
 
 

8. Identify CAS #. If none, petition should state so.  
There is no CAS # or EINECS # assigned to Beet or Cane Vinasse, molasses stillage, 
CMS, or any other common name used for beet or cane vinasse.  
 
 

9. Describe physical properties & chemical mode of actions including: 
Physical and chemical properties:  
Physical state at 25° C   :  Low viscosity liquid 
Color     :  Very dark brown 
Odor     :  Weak caramel non-pungent 
pH value    :  About 5.4 to 6.8 
Initial boiling point (0°C)  :  >100 
Flammability, Flash point (0°C) :  Not applicable 
Explosion limits (lower) (kg/m3) :  Not applicable 
Relative Density at 20°C (Kg/l) :  About 1.33 
Viscosity (cps) at 20°C  :  About 100 
Solubility in water (% weight) :  Forms infinite aqueous solution 
Vapor pressure (hPa)   :  Not applicable 
 
 
a. Chemical interactions with other substances, especially with substances used in 

organic production. 
Vinasse (beet-, cane-) is stable under normal ambient conditions and is not listed as a 
hazardous substance.  No special handling precautions are required.  Burning can 
produce CO2, and water, N compounds.  Avoid microbiological contamination or 



dilution with water.  Vinasse is microbiologically stable unless diluted with >5% 
water when yeast, mold and some harmless bacterial (eg Lactobacillus spp.) growth 
may occur in warm temperatures.  Pathogens will not grow, indeed are killed.  
Vinasse (beet-, cane-) is incompatible with strong acids and alkalis and oxidizing 
agents.  Heat (> 90° C) and mixing vinasse with incompatible products can release 
NOx. 
 
The characteristics of the organic content in concentrated vinasse are, basically, high 
hygroscopicity, which accelerates the humidification and agglomeration of particles, 
and a high presence of chelated organic compounds, especially as molecules of 
different alcohols (4.3%), carboxylic acids (5.6%), and fulvic acids (35%), which 
characteristically produce very stable chelates.  The organic acids found are, 
basically, acetic, lactic, aconitic, matic and citric acids.  The fulvic acids found in the 
vinasse have a molecular average weight of 4500 gl/mol, which is foliarly 
assimilable, and due to its capacity of generating coordinated bonds with bivalent and 
trivalent cations, generates complex chelates of iron, copper, manganese, zinc and 
boron. 
 

b. Toxicity and environmental persistence. 
Vinasse (beet, cane) contains no toxic chemicals.  Oral, dermal and inhalation toxicity 
is rated as not applicable.  Vinasse is not carcinogenic.  There is no bioaccumulation 
of vinasse or components of vinasse as it easily decomposes by micro-organisms in 
soil or water.  Because of the high decomposition rate of the organic matter, the 
components of the material do not accumulate. 
 

c. Environmental impacts from its use and or manufacture. 
Several studies have been performed on the environmental effects of sugar 
manufacturing and distillation effluents or wastewaters, including molasses and 
vinasse.  Sugar and distilled products from sugar byproducts have been manufactured 
worldwide for centuries.  In the past century, sugar production, processing, and 
distillation have grown tremendously with consumer demand.  Since the 1980’s, 
environmental awareness of the polluting effects of sugar manufacturing and 
distillery wastes has influenced changes in production and processing methods to 
reduce intensive water and energy usage and has promoted more stringent 
requirements for proper disposal or renewable resource recovery of the large amounts 
of solid waste (bagasse, pulp) and wastewaters (molasses, vinasse).  
 
Research for recovering valuable resources from the industry wastes, such as vinasse 
usage on agriculture land, began as far back as the 1940’s.  Since vinasse is mainly of 
plant origin, with some microbial residue (yeast), it does not contain any toxic 
chemicals or residue.  Many studies exist reporting that vinasse is a good fertilizer, a 
potential source of organic matter and plant nutrients, especially for its P and K 
values, a soil conditioner which stimulates growth of beneficial microorganisms in 
the soil, and allows better uptake of nutrients into the plant.  
 



No significant environmental hazard or adverse effect from human or animal 
exposure resulting from accidental release of this material is anticipated.  Its 
components are used in food and feed and there is no LD50 (Median Lethal Dosez).  The 
components of vinasse are biodegradable and are readily metabolized and utilized by 
microorganisms as energy sources.  Due to the organic matter composition, vinasse 
has high Biological Oxygen Demand/BOD (mgO2/g ds) of about 300 and Chemical 
Oxygen Demand/COD of about 350.  For agricultural usage of vinasse as a fertilizer 
or soil condition, the application of the material 40-60 days prior to planting or 
composting with raw manure or other plant materials will give sufficient time for the 
natural oxidation of the organic matter. 
 
Environmental impacts from its manufacture worldwide has shown that high volume 
release of vinasse as a wastewater directly into waterways causes discoloration of 
water, strong odor, and salinization of fresh waterways.  In extreme cases, 
eutrophication may temporarily occur, where the decomposition of the organic matter 
decreases the oxygen in the water and increases algae growth, which disrupts or 
harms the waterway ecosystem.  High volume disposal of vinasse on land increases 
soil salinity and compaction levels, but because of the high decomposition rate of the 
organic matter, the components of the material do not accumulate in the soil, 
including NO3 and NO4.  Proper disposal of the material and notification of accidental 
spillage is currently required in most countries. 
 

d. Effects on human health. 
Vinasse (beet, cane) does not contain toxic chemicals, has no safety measures 
required by state, federal, or international regulations, and has no harmful effects on 
human health.  The components of molasses vinasse (proteins, amino acids, 
carbohydrates, vitamins and minerals) are used as food, food additives, and distilled 
alcohol for human consumption, and as ingredients in livestock feed.  Vinasse has 
been successfully fed to livestock worldwide for many years without adverse effects 
on human health. 
 

e. Effects on soil organisms, crops, livestock. 
Vinasse (beet, cane) does not contain toxic chemicals or residue, has no safety 
measures required by state, federal, or international regulations, and has no harmful 
effects on human health.  The components of molasses vinasse (proteins, amino acids, 
carbohydrates, vitamins and minerals) are used as food, food additives, and distilled 
alcohol for human consumption and as ingredients in livestock feed.  Vinasse has 
been successfully fed to livestock worldwide for over 70 years.  Studies have 
indicated that feeding high amounts of vinasse to infant animals is not suitable due to 
the salinity level in the material.  
 
Many studies exist reporting that vinasse is a good fertilizer, indicating it is a 
potential source of organic matter and plant nutrients, especially for its P and K 
values and as a soil conditioner which stimulates growth of beneficial 
microorganisms in the soil and allows better uptake of nutrients into the plant.  
Vinasse is mainly of plant origin, with some microbial residue (yeast).  The 



components of vinasse are readily metabolized and utilized by micro-organisms as 
energy sources.  Studies indicate that uncomposted cane vinasse, composted beet and 
cane vinasse, and cane and beet vinasse composted with raw manure or solid plant 
materials increases crop yield, structural stability of soils, soil microbial biomass, C-
CO2 respiration rates, N cycle functioning, and enzymatic activities values, while 
exchangeable sodium percentage remained under critical sodicity values of about 15. 
In addition, when vinasse is composted with other agricultural wastes, decomposition 
rates increase.  (20) Studies also indicated that uncomposted beet vinasse in general 
has higher salinity rate values than cane vinasse and, when applied to soil in high 
volume, decreases soil physical and biological properties and crop yield.  

 
10. Safety information including MSDS & substance report from National Institute of 

Environmental Health Studies.  If none, state so in petition,  
There is no substance report for beet or sugar cane vinasse, or any industrial waste from 
the sugar industry from the National Institute of Environmental Health Studies.  MSDS 
sheets are attached.  Tate & Lyle MSDS & Technical Datasheet  
 

11. Research info about the substance which includes comprehensive substance research 
review and research bibliographies, including contrasting position information. Should 
include research concerning why the substance should be permitted in the production of 
organic products, including alternatives and commercial availability.  
 
Studies selected for this petition are from different periods of time (1970’s to current), 
and from various nations worldwide, including the major sugar production countries, 
such as the United States, India, and Brazil, to compare technologies, evaluations and 
conclusions reported in the studies.  Information from these studies have been described 
throughout this petition.  
 
The environmental effects of sugar manufacturing and distillation effluents or 
wastewaters, including molasses and molasses vinasse, have been extensively studied 
worldwide.  Since the 1980’s, environmental awareness of the polluting effects of sugar 
manufacturing and distillery wastes has influenced changes worldwide in production and 
processing methods to reduce intensive water and energy usage and has promoted more 
stringent requirements for the proper disposal or the renewable resource recovery of the 
large amounts of solid waste (bagasse, pulp) and wastewaters (molasses, vinasse). 
Technological developments, using aerobic and anaerobic biodegradation methods, 
significantly reduce undesirable COD and BOD levels, odor, and colorization in vinasse 
products in order to meet the stringent guidelines for disposal or byproduct recovery and 
usage.  Research indicates molasses vinasse can be profitably recycled and worldwide 
interest in using sugar by-products is growing, largely due to the decrease in production 
cost and environmental liabilities.  Studies indicate that vinasse is co-produced at a rate 
of 9-14 liters per liter of alcohol produced and the total volume of vinasse commercially 
available is approximately 6.87 million m³/annum.   
Ten studies were selected for research on the fertilizing efficiency of beet and cane 
vinasse.  The studies used varying materials and methods, i.e. fresh, condensed, or 
composted vinasse of beet or cane origin; laboratory, greenhouse, or field studies; 



varying topography, climate and soil compositions; and varying time periods from one 
growing season for nutrient evaluations, up to four growing seasons documenting the 
residual and cumulative effects on soil properties and crop yield.  Some studies also used 
an additional N source fertilizer in conjunction with the vinasse usage.  In addition, some 
studies include starch and cellulosic stillage products for evaluation comparisons.  
Studies indicate both cane and beet vinasse is a good fertilizer, indicating it is a potential 
source of organic matter and plant nutrients, especially for its P and K values and as a soil 
conditioner which stimulates growth of beneficial microorganisms in the soil and allows 
better uptake of nutrients into the plant.  All the studies consistently indicated that the 
usage of vinasse may reduce the amount of fertilizers required for optimum crop yield.  
Long term studies indicated that vinasse does not promote increase in N-NO3, N-NH4 
and N-total in soil profile tested even for 33 weeks after application.  However, it is 
apparent when comparing all the studies that results varied depending on the quality of 
the raw material, soil composition, and specific crop requirements.  
 
Vinasse is mainly of plant origin, with some microbial residue (yeast).  The components 
of vinasse are readily metabolized and utilized by microorganisms as energy sources.  A 
field study was conducted over a four-year period to compare vinasse influence on soil 
properties and crop yield.  The study indicates that uncomposted cane vinasse, composted 
beet and cane vinasse, and cane and beet vinasse composted with raw manure or solid 
plant materials increases crop yield, structural stability of soils, soil microbial biomass, 
C-CO2 respiration rates, N cycle functioning, and enzymatic activities values, while 
exchangeable sodium percentage remained under critical sodicity values of about 15.  In 
addition, when vinasse is composted with other agricultural wastes, decomposition rates 
increase.  The study also indicated that uncomposted beet vinasse in general has higher 
salinity rate values than cane vinasse and, when applied to soil in high volume, decreases 
soil physical and biological properties and crop yield.   
 
A greenhouse experiment was conducted to assess production of wheat.  Vinasse was 
applied at three rates 5, 10 and 20 mL L-1 in irrigation water along the period of plant 
growth.  The data obtained revealed that the addition of vinasse to sandy soil increased 
the productivity of wheat yield with the highest yield obtained with the rate of 5 mL L-1 
of vinasse applied.  The vinasse application increased the uptake of nitrogen, phosphorus, 
and potassium.  The residual available N, P and K and organic matter in the soil after 
harvesting generally increased with increasing rates of vinasse applied.  It was concluded 
that vinasse is a good source of available P and K when applied to soil and its application 
may reduce the amount of fertilizers required for optimum crop yield.  It is suggested that 
vinasse could substitute for about 62% of P and 100% of K required for wheat yield.  It 
was also concluded that vinasse has an indirect effect consisting of an improvement of 
utilization of absorbed nutrients.   
 
The effects of different characteristics of the original raw material on the biochemical 
composition of vinasse and their C and N mineralization in soil were investigated.  
Vinasse samples were obtained from similar industrial fermentation processes based on 
the growth of microorganisms on molasses from different raw material (sugar beet or 
sugar cane) and vinasse concentration (dilute or concentrated).  The nature of the raw 



material used for fermentation had the greatest effect on the nature and size of resistant 
organic pool.  This fraction included aromatic compounds originating from the raw 
material or from complex molecules and seemed to be quantitatively related to acid-
insoluble N.  Samples derived from sugar beet were richer in N compounds and induced 
greater net N mineralization.  The effect of evaporation varied with the nature of the raw 
material.  Concentration led to a slight increase in the abundance of phenolic compounds, 
acid-insoluble fraction, and a slight decrease in the labile fraction of vinasse partly or 
totally derived from sugar beet.  The effect of the dilute vinasse from sugar cane was 
greater.  The concentrated vinasse had a smaller labile fraction, induced N 
immobilization at the beginning of incubation and exhibited greater N concentration in 
the acid insoluble fraction than the dilute vinasse.   
 
A field trial was carried out on a Quartzpsament soil, cropped with sugarcane in the same 
place 2 consecutive years, to study different forms of N leaching in a soil profile and to 
observe a possible water contamination.  The experimental design was a split-split- plot 
in randomized blocks with four replicates.  The experiment used 5 treatments at main plot 
level (control, mineral fertilizer and 3 doses of vinasse); 4 depths of soil sampling at split 
plot level and 3 soil sampling periods at split-split plot level.  As final conclusion, the 
vinasse rates used in this study for 2 years (residual and cumulative effects) which can be 
considered as usual in commercial sugarcane fields, did not promote increase in N-NO3, 
N-NH4 and N-total in soil profile tested even for 33 weeks after application.   
 

12. Petition Justification statement for A) Synthetic substances on 205.601 
a. Explain why synthetic substance is necessary for the production or handling of an 

organic product. 
Vinasse is a good source of available P and K when applied to soil and its 
application may reduce the amount of fertilizers required for optimum crop yield.  
Vinasse is mainly of plant origin, with some microbial residue (yeast).  The 
components of vinasse are readily metabolized and utilized by microorganisms as 
energy sources and do not accumulate in the soil or contaminate ground water 
with proper usage.  Studies indicate that vinasse increases crop yield, structural 
stability of soils, soil microbial biomass, C-CO2 respiration rates, N cycle 
functioning, and enzymatic activities values, while exchangeable sodium 
percentage remained under critical sodicity values of about 15.  In addition, 
vinasse is a beneficial feedstock for use in composting raw manure and other 
plant materials such as straw, hay, and greenwaste due to the high organic content 
which increases decomposition.  It was also concluded that vinasse has an indirect 
effect consisting of an improvement of utilization of absorbed nutrients due to the 
chemical composition of the substance.  
 

b. Describe any non-synthetic substance, synthetic substance on the National List or 
alternative cultural methods that could be used in place of the petitioned 
substance. 
As alternatives, organic crop producers could use synthetic substances that are 
already allowed in organic crop production to amend soils listed in 7 CFR 
205.601. They include: 1) elemental sulfur; 2) magnesium sulfate; 3) soluble 



boron products; 4) sulfates, carbonates, oxides, or silicates of zinc, copper, iron, 
manganese, molybdenum, selenium, and cobalt; and 5) vitamins B1, C and E. 
Depending on the crop of interest and the micronutrient that is in deficiency, some 
decision would have to be made about which one or combination would be most 
appropriate to use. 
 

c. Describe the beneficial effects to the environment, human health, or farm eco-
system from use of the substance that supports use instead of use of nonsysnthetic 
substance on the National List or alternative cultural methods. 
As found in 7CFR 205.205, organic crop producers must implement a crop 
rotation including but not limited to sod, cover crops, green manure crops and 
catch crops that provides for maintaining and improving soil organic content and 
managing deficient or excess plant nutrients. More specifically 7 CFR 205.203 
states that organic crop producers: 1) must select and implement tillage and 
cultivation practices that maintain or improve the physical, chemical, and 
biological condition of soil and minimize erosion; 2) must manage crop nutrients 
and soil fertility through rotations, cover crops, and the application of plant and 
animal materials; and 3) must manage plant and animal materials to maintain or 
improve soil organic matter content in a manner that does not contribute to 
contamination of crops, soil, or water by plant nutrients, pathogenic organisms, 
heavy metals, or residues of prohibited substances. When these practices prove 
insufficient to prevent deficient or excess nutrients in soils or plants, a substance 
on the National List of Synthetic Substances allowed for use in organic crop 
production (7CFR 205.601) may be applied to maintain adequate nutrients for 
plant productivity and health.  
 
Vinasse is mainly of plant origin, with some microbial residue (yeast).  The 
components of vinasse are readily metabolized and utilized by microorganisms as 
energy sources and do not accumulate in the soil or contaminate ground water 
with proper usage.  Vinasse is a good source of available P and K when applied to 
soil and its application may reduce the amount of fertilizers required for optimum 
crop yield.  Studies indicate that the total volume of vinasse commercially 
available is approximately 6.87 million m³/annum.  The beneficial effects to the 
environment of using vinasse as a plant nutrient and soil conditioner reduces the 
amount of vinasse as a waste product that must be disposed in catch ponds or 
applied to nonagricultural land for decomposition.  Research indicates molasses 
vinasse can be profitably recycled and worldwide interest in using sugar by-
products as a recovered resource is growing, largely due to the decrease in 
production cost and environmental liabilities. 
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Effect of integrated use of distillery effluent and fertilisers on soil

properties and yield of sugarcane in sandy loam soil
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Distillery effluent from molasses based distillery

industry is considered as a potential source

of organic matter and plant nutrients. Since

it is mainly of plant origin (from sugarcane)

with some microbial residue (yeast sludge),

it does not contain any toxic chemicals or

residue. The distillery effluent application improves

the soil fertility and health and support good

plant growth leading to saving of fertilizers

(Thiyagarajan, 2001). The only problem with

distillery effluent is excessive Biological Oxygen

Demand (BOD), Chemical Oxygen Demand (COD)

and electrical conductivity. These problems could

be overcome by the application of distillery

effluent well before the planting of the crop

(40 to 60 days before planting) to give sufficient

time for the natural oxidation of organic matter.

Hence, the present study was undertaken to

find out effect of application of treated distillery

effluent along with different combinations of

fertilisers on soil properties and yield of sugarcane

crop.

The pre-treated distillery effluent was collected

from EID Parry (I) Ltd., Distillery,

Nellikuppam and analysed for its physico-chemical

properties. Field experiments were

conducted at BID Parry (I) Ltd., Nellikuppam

cane farm using sugarcane (variety - Co.6032)

as test crop. The main plot treatments include

application of treated distillery effluent (TDE)

@ 1.25 (M
2
), 2.5 (M

3
), 3.75 (M

4
), 5.0 (M

5
)

and 6.25 (M
6
) lakh litres per hectare and control

(M
1
). The subplot treatments include no NPK

(S
1
),-N alone (S

2
), NP (S

3
) and NPK (S

4
).

The experiment was laid in split plot design

and replicated thrice. Treated distillery effluent

was applied 40 days before planting and kept

for natural oxidation. The NPK fertilisers were

applied at 75% of the recommended doses

viz., 206, 45, 84 kg of N, P
2
O

5
 and K

2
0,

respectively, per hectare as per the treatment

details. The initial and post harvest soil samples

were collected and analysed for physico-chemical

properties and fertility status. The data were

statistically analysed using ANOVA.

Initial properties of soil

The experimental soil was sandy loam. The

pH was near neutral (7.32) and it was low

in EC (0.10 dSm-1). The soil rated medium

in organic carbon (0.50%), low in available

N (219 kg ha-1), medium in available P (18.5

kg ha-1) and high in available K (255 kg

ha-1). It contained 7.38 cmol(p+)kg-1 exchangeable

Ca, 3.05 cmol (p+)kg-1 exchangeable Mg and

0.51 cmol(p+)kg-1 exchangeable Na. The available

micronutrient contents of the soil was 1.32,

5.31, 2.13 and 9.31 mg kg
-1

 of Zn, Fe, Cu

and Mn, respectively.

Properties of distillery effluent

The treated distillery effluent (TDE) is

dark brown in colour and has an unpleasant

smell of burnt or caramelised sugar. The TDE

is near neutral (pH 7.8) in reaction and had

very high salt load (EC 28.5 dSm-1). The

TDE recorded high BOD (4500 mg /1), COD

(48,000 mg/1), total solids (85,000 mg/1) and

organic carbon content (27.5 per cent on dry

weight basis). It contained 1350 mg/1 of N,

550 mg/1 of P
2
O

5
, 9,500 mg/1 of K

2
O, 2300
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Table 1.  Influence of PTDE and fertilizers on sugarcane yield, properties, available nutrient status and

             microbial population of post harvest soil.

Cane pH E C OC Av- Av- Av- Ex. Ex. Ex. ESP Av- Av- Av- Av- B* F* A*

yield N P K Ca Mg N a Zn F e Cu Mn

t/ha-1 dSm % kg ha-1 cmol(p+)kg-1 % mg kg-1 106 104 103

M
1
S

1
42.0 7.35 0.11 0.48 213 17.2 242 7.30 3.08 0.52 4.65 1.23 6.15 2.11 9.25 51.3 7.00 3.33

M
1
S

2
73.1 7.31 0.11 0.53 238 17.0 236 7.30 3.02 0.51 4.59 1.20 6.01 2.02 9.11 52.3 7.30 4.00

M
1
S

3
91.6 7.29 0.11 0.54 239 19.2 230 7.24 2.98 0.50 4.55 1.19 5.93 1.98 0.02 52.3 7.70 4.33

M
1
S

4
103 7.33 0.11 0.54 240 19.5 257 77.22 2.95 0.49 4.47 1.18 5.88 1.95 8.98 52.1 7.70 5.00

M
2
S

1
58.1 7.38 0.12 0.51 228 18.2 263 7.85 3.25 0.56 4.68 1.31 7.41 2.22 9.56 51.0 7.33 4.00

M
2
S

2
89.0 7.39 0.12 0.52 248 17.6 259 7.83 3.23 0.52 4.38 1.28 7.35 2.16 9.50 51.6 7.70 4.67

M
2
S

3
109 7.41 0.12 0.51 245 19.7 255 7.81 3.21 0.55 4.64 1.27 7.35 2.18 9.48 52.6 8.30 5.00

M
2
S

4
110 7.39 0.12 0.52 247 19.2 277 7.78 3.22 0.55 4.64 1.27 7.34 2.17 9.50 54.0 9.00 5.33

M
3
S

1
72.0 7.39 0.13 0.54 230 18.9 278 8.07 3.81 0.63 4.91 1.36 8.13 2.43 9.88 52.3 8.00 4.33

M
3
S

2
101 7.41 0.13 0.55 252 18.5 271 8.00 3.78 0.60 4.73 1.32 8.03 2.39 9.82 53.6 8.30 5.00

M
3
S

3
115 7.40 0.13 0.56 249 21.3 266 7.98 3.78 0.59 4.66 1.35 7.98 2.36 9.78 54.3 8.70 5.33

M
3
S

4
115 7.39 0.13 0.54 251 21.1 288 7.98 3.79 0.57 4.50 1.34 8.00 2.38 9.78 55.0 9.70 6.00

M
4
S

1
82.5 7.42 0.15 0.57 232 19.8 298 8.61 4.35 0.69 4.93 1.48 9.21 2.61 10.1 55.0 9.00 4.67

M
4
S

2
108 7.44 0.14 0.57 257 19.0 291 8.56 4.31 0.64 4.62 1.45 9.17 2.57 10.1 54.6 10.0 5.33

M
4
S

3
120 7.43 0.15 0.58 258 21.7 287 8.57 4.30 0.63 4.56 1.44 9.15 2.56 10.0 55.3 10.3 6.00

M
4
S

4
119 7.44 0.15 0.57 256 21.4 307 8.55 4.28 0.67 4.84 1.44 9.15 2.56 10.0 56.3 10.7 6.33

M
5
S

1
86.0 7.46 0.15 0.63 245 21.2 333 9.01 4.92 0.71 4.73 1.61 10.5 2.98 11.3 56.6 12.3 5.67

M
5
S

2
112 7.45 0.15 0.64 270 19.7 327 8.97 4.88 0.69 4.63 1.58 10.4 2.94 11.3 58.6 12.7 6.66

M
5
S

3
122 7.46 0.15 0.65 262 22.8 324 8.96 4.87 0.73 4.89 1.57 10.3 2.91 11.2 59.6 13.0 7.00

M
5
S

4
123 7.49 0.16 0.64 261 22.6 345 8.95 4.88 0.72 4.82 1.58 10.3 293 11.2 58.9 13.3 7.33

M
6
S

1
89.1 7.50 0.17 0.67 265 22.6 365 9.57 5.17 0.78 4.89 1.85 12.2 3.15 12.6 56.3 12.0 5.33

M
6
S

2
16 7.48 0.17 0.68 274 21.5 360 9.54 5.15 0.75 4.73 1.83 11.9 3.13 12.6 57.3 12.3 6.66

M
6
S

3
124 7.51 0.17 0.69 272 24.5 353 9.54 5.12 0.76 4.80 1.82 1.8 3.13 12.5 59.0 12.7 6.66

M
6
S

4
125 7.51 0.17 0.68 275 24.3 377 9.55 5.13 0.77 4.85 1.82 11.9 3.14 12.5 58.0 13.0 7.00

M
1

77.5 7.32 0.11 0.52 233 18.2 241 7.27 3.01 0.51 4.57 1.94 4.61 2.02 9.09 52.1 7.40 4.17

M
2

91.6 7.39 0.12 0.52 242 18.7 264 7.82 3.23 0.55 4.58 2.09 6.68 2.18 9.51 52.3 8.10 4.75

M
3

101 7.40 0.13 0.55 246 20.0 276 8.01 3.79 0.60 4.70 2.16 7.79 2.39 9.82 53.8 8.70 5.17

M
4

107 7.43 0.15 0.57 251 20.5 296 8.57 4.31 0.66 4.74 2.40 8.31 2.58 10.1 55.3 10.0 5.58

M
5

111 7.47 0.15 0.64 260 21.6 332 8.97 4.89 0.71 4.77 2.78 9.16 2.94 11.2 58.9 12.8 6.66

M
6

114 7.50 0.17 0.68 272 23.2 364 9.55 5.14 0.77 4.82 2.99 9.67 3.14 12.6 58.0 12.5 6.41

S
1

71.6 7.42 0.14 0.48 236 19.7 297 8.40 4.10 0.65 4.80 2.43 7.73 2.58 10.5 53.7 9.30 4.55

S
2

99.9 7.41 0.14 0.53 257 18.9 291 8.37 .06 0.62 4.61 2.39 7.70 2.54 10.4 54.7 9.70 5.39

S
3

114 7.42 0.14 0.54 254 21.5 286 8.35 4.04 0.63 4.68 2.38 7.70 2.52 10.4 55.5 10.1 5.72

S
4

116 7.43 0.14 0.54 255 21.4 309 8.34 4.04 0.63 4.69 2.37 7.68 2.52 10.3 55.7 10.6 6.17

CD

M 5.3 0.08 0.02 0.01 2.9 0.28 5 0.28 0.12 0.06 0.21 0.05 0.10 0.04 0.31 0.6 0.5 0.46

S 4.7 N S N S N S 2.6 0.26 6 N S N S N S N S N S N S N S N S 0.4 0.3 0.30

SxM 7.1 N S N S N S 4.5 0.59 9 N S N S N S N S N S N S N S N S 0.9 0.8 0.74

MxS 6.8 N S N S N S 4.9 0.62 9 N S N S N S N S N S N S N S N S 0.9 0.9 0.79

* B - Bacteria ;  F - Fung;  A - Actinomycetes
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mg/1 of Ca, 2150 mg/1 of Mg, 4500

mg/1 of SO
4
 –S, 450 mg/1 of Na, 7500 mg/

1 of Cl, 10 mg /1 of Zn, 65 mg/1 of Fe,

4.2 mg/1 of Cu, and 5.5 mg/1 of Mn.

Soil pH and EC

Application of graded doses of distillery

effluent gradually increased the pH and EC

of the post harvest soil (Table 1). The increase

in pH and EC was significant beyond 2.5

lakh litres ha-1. The highest increase in pH

of 0.18 was recorded in the treatment which

received distillery effluent @ 6.25 lakh litres

ha-1 over control. Sweeney and Graetz (1991)

reported that the addition of distillery effluent

regardless of rate, raised the soil pH , owing

to increase in soil K, Ca, Mg and Na levels.

Mattiazo and Ada Gloria (1985) found that

the organic matter oxidation brought out by

microbial activity was responsible for increased

pH of the soil treated with distillery effluent.

Similarly, the highest increase in EC was 0.06

dSm-1 in the treatment which received distillery

effluent @ 6.25 lakh litres ha-1 over control.

The studies conducted by Anon (1993) indicated

that one time application of treated undiluted

effluent before planting of the

crop and ploughed into the soils slightly raised

the pH and soil EC was not raised beyond

0.25 dSm-1 even at 500 t/ha of treated effluent

application. Thus the pH and EC of the soils

were maintained within the safe limits even

in the fields receiving up to 6.25 lakh litres

per hectare of treated distillery effluent. No

significant difference was observed among the

fertiliser treatments. Similarly the interaction

effects were also not significant.

Exchangeable cations and ESP

Application of treated distillery effluent

significantly increased the exchangeable cation

contents (Table 1) of the post harvest soil.

The exchangeable Ca and Mg had increased

by 5 to 10 times due to increase in distillery

effluent application from 1.25 to 6.25 lakh

litres ha-1. The exchangeable Na increased to

the tune of 0.26 cmol (p+)kg-1 in the treatment

received the highest dose of distillery effluent

(6.25 lakh litres per hectare) over control.

The Ca, Mg and Na present in the distillery

effluent may have increased the exchangeable

cations concentration of the post harvest soil.

Devarajan et al. (1996b) observed an increase

of available Ca and Mg from 1400 ppm to

2200 ppm and 126 ppm to 470 ppm, respectively

due to the application of 10 times diluted

distillery effluent. The increase in the contents

of these elements might be the reason for

the little increase in the pH of post harvest

soil upon effluent application. Though the

application of distillery effluent slightly increased

the exchangeable Na content of the soil, it

did not increase the ESP of the soil significantly

(Table 1) due to increase in the content of

other beneficial cations viz. Ca and Mg. There

was no significant difference among the fertiliser

treatments and their interactions.

Organic carbon

The organic carbon content (Table 1) of

the post harvest soil had increased due to application

of distillery effluent. The high organic load

of the distillery effluent might be the reason

for the increased the organic carbon content

of the post harvest soil. This is in accordance

with Racault (1990) who reported that the

distillery effluent was concentrated with soluble

forms of organic matter.

Available nutrients in soil

The available N, P and K contents (Table

1) of the post harvest soil significantly increased

due to application of distillery effluent. The

contribution of N from distillery effluent (one

lakh litres will supply 135 kg N) and increased

microbial activity on the added organic matter

might have increased the available N level

of the post harvest soil (Subash Chandra Bose

et al, 2002). Application of nitrogen through

fertiliser also increased the available N status

Effect of integrated use of distillery effluent and fertilisers on soil properties and yield of sugarcane in sandy ...
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of the post harvest soil. Higher values were

observed in the treatments which received both

N fertilisers as well as TDE @ 6.25 lakh

litres ha-1. In addition to the P contributed

by the effluent, HCO
3 
content of distillery effluent

and the organic acids produced during the

decomposition of distillery effluent would have

helped to solubilize the native soil P (Rajukkannu

et al. 1996). Somashekar et al (1984) opined

that the mineralization of organic material as

well as the nutrients present in the effluents

are responsible for the increase in the availability

of plant nutrients. Application of phosphorus

through fertiliser increased the available P contents

of the post harvest soil. The increase was

higher in the treatment which received both

P fertilisers as well as highest dose of effluent

(6.25 lakh l ha-1) which may be due to cumulative

effect of both fertilisers and distillery effluent.

Bertranou et al. (1989) reported that the available

K was increased by 4 to 5 times due to effluent

irrigations which might be due to the fact

that K is the component supplied in large

quantities. Application of potassic fertilizer also

increased the available NPK contents of the

post harvest soil. The highest values were observed

in the treatment which received both K fertilizers

as well as effluent @ 6.25 lakh l ha-1.

The DTPA extractable micronutrients (Fe,

Mn, Zn, Cu) of the post harvest soil were

increased (Table 1) with distillery effluent

application. Devarajan et al. (1996a) reported

that the available micronutrients viz., Zn, Fe,

Cu and Mn of the post harvest soil were

increased from 2.2 to 3.9 ppm, 22.9 to 31.6

ppm, 4.1 to 7.3 ppm and 15.5 to 25.8 ppm,

respectively, due fertigation with 10 times diluted

distillery effluent. The increased availability

might be due to direct contribution from the

effluent as well as solubilisation and chelation

effect of organic matter supplied by the effluent

(Baskar et al., 2003). There was no significant

change in the content of available micronutrients

of the soil due to fertiliser treatments.

Microbial population dynamics

Application of distillery effluent significantly

increased the microbial population (bacteria,

fungi and actinomycetes) of the post harvest

soil (Table 1). The results showed that there

was no reduction in microbial population of

the post harvest soil even at higher doses of

distillery effluent application. The population

dynamics of bacteria, actinomycets, fungi,

Azospirillum and Azotobacter in the field soils

grown with turmeric, rice, sesame, cotton, banana

and groundnut showed that the 50 times and

40 times diluted distillery effluent irrigations

enhanced or maintained the microbial populations

in the soils (Devarajan et al., 1993). Application

of different combination of NPK fertilisers

also increased the microbial population of the

post harvest soil over control. The increase

in nutrients and organic carbon supplied by

distillery effluent and fertiliser application increased

the microbial population of the post harvest

soil.

Cane yield

The yield of sugarcane (Table 1) had

significantly increased upto 3.75 lakh litres

ha-1 of treated distillery effluent application.

The supply of all essential nutrients and the

improvement in physical properties by organic

matter addition due to TDE application might

have increased the yield of sugarcane. Anon

(1986) reported that the application of distillery

effluent @ 150 and 300 t/ha increased the

sugarcane yield by 44.0 and 53.8 % respectively,

when compared with untreated control. Application

of spent wash increased sugarcane yield in

Philippines (Gonzales and Tianco,1982), Australia

(Usher and Wellington, 1979), Cuba (Vieira,

1982) and South America (Scandaliaris et al,

1987). Application of fertilizers also significantly

increased the yield of sugarcane over no fertilizer.

However, the difference between applications

of NP & NPK fertilizers was not significant

indicating that there is no need for K application

M.Baskar, H.Gopal, M.Sheik Dawood and M.Subash Chandra Bose
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The interaction effect showed that the response

cane yield to application of fertilizer nutrient

was significant for each and every nutrient

applied when no Treated Distillery Effluent

(TDE) was applied. Irrespective of the quantity

of TDE applied there was no yield difference

between NP and NPK, indicating that the supply

of K through TDE is sufficient even at lower

level (1.25 lakh litres ha”1). Booth and Lightfoot

(1990) observed that the use of ethanol sillage

(vinasse) had removed the necessity for annual

dressing of P and K fertilisers in more than

4000 hectares of cane lands in Zimbabwe.The

results indicated the need for P fertilizer along

with N in sandy loam soil even at higher

dose of TDE.’ Based on the above results

we can say that application of 3.75 lakh litres

ha’1 of TDE with NP fertilizer will be the

best for getting the higher yield in sugarcane

in sandy loam soil.
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Relationship of selected traits of mango growers with adoption

behaviour

M.RAMASUBRAMANIAN AND M.MANOHARAN

Tamil Nadu Agricultural University, Coimbatore - 641 003, Tamil Nadu.

Among the horticultural commodities mango

ranks first with 42,894.93 tonnes in the form

of fresh fruits, jam, jelly, squash, ketch-up

and other processed products being exported

worth of Rs.7,359.61 lakhs during 2002-2003.

But the discouraging and disappointing scenario

is the reduction in the quantity of fruits exported

over-years including mango. The quantity of

fruits and vegetables exported during 1991-

92 was 4,93,611.39 tonnes which has reduced

to 3,87,429.57 tonnes during 2002-2003. This

reduction in productivity and export of fruits

including mango is of great concern and Deeds

to be addressed. The reasons that could be

attributed to this reduction may 6e many. One

among that is lack of awareness and adoption

of recommended technologies for mango

cultivation. For achieving higher yields, farmers

have to resort to scientific farming by adopting

innovative and improved technologies. Rogers

and Shoemaker (1971) defined adoption as the

mental process through which an individual

passes from first hearing about an innovation

to final adoption.

This adoption behaviour bound to be affected

by varied characteristics of mango growers including

personal, socio-economic and psychological

M.Baskar, H.Gopal, M.Sheik Dawood and M.Subash Chandra Bose
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Abstract

Fermentations utilizing strains of Zymomonas mobilis, in place of the traditional yeasts, have been proposed due their ethanol yields
being close to theoretical. Ethanol production from sugar cane molasses was analyzed under different culture conditions using Z. mobilis

in batch fermentation. The total reducing sugars (TRS) concentrations in the molasses, temperature, agitation and culture time effects
were studied simultaneously through factorial design. The best conditions for ethanol production were 200 g L�1 of total reducing sugars
in the molasses, temperature of 30 �C and static culture and time of fermentation of 48 h, achieving 55.8 g L�1. The pH of the medium
was kept constant during the experiments, showing that molasses presents a buffering effect.
� 2006 Elsevier Ltd. All rights reserved.

Keywords: Ethanol; Zymomonas mobilis; Sugar cane molasses; Factorial design
1. Introduction

The depletion of fossil fuel reserves, the unstable pano-
rama of the petrol prices and more recently, increasing
environmental and political pressures (Davis et al., 2005)
has increased industrial focus toward alternative fuel
sources, and encouraged the search of products originated
from biomass, as renewable sources of energy.

In this context, fermentative processes stand out, where
microbial metabolism is used for the transformation of
simple raw materials in products with high aggregate value.
Among these, ethanol is one of the best examples of how
fermentation can match market needs satisfactorily. Even
though the fermentative process for ethanol production is
well known, the production costs are still the key impedi-
ment wide use of ethanol as fuel. Therefore, the develop-
ment of a fermentation process using economical carbon
0960-8524/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.biortech.2006.08.026
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sources is important for the biofuel ethanol production
on a commercial scale (Tanaka et al., 1999; Tao et al.,
2005). Many studies have been done that focus on produc-
tion improvement and decreasing its costs (Sreenath and
Jeffries, 2000; Davis et al., 2005; Ruanglek et al., 2006;
Mohagheghi et al., 2006).

Zymomonas mobilis, a Gram-negative bacterium, have
been attracting increasing attention for fuel ethanol. It is
an osmo- and ethanol-tolerant bacterium and it has shown
higher specific rates of glucose uptake and ethanol produc-
tion (Rogers et al., 1982, 1997) via the Entner-Doudoroff
pathway under anaerobic conditions. Z. mobilis may have
a greater potential for industrial ethanol production from
raw sugar, sugarcane juice and sugarcane syrup (Lee and
Huang, 2000).

Molasses is an agro-industrial by-product often used in
alcohol distilleries (Jiménez et al., 2004) due to the presence
of fermentative sugars, being an optimal carbon source for
the microorganism metabolism. Sugar cane molasses is an
abundant agro-industrial material produced in Brazil and
other tropical countries and its low cost is an important

mailto:macelligoi@uel.br
mailto:malulz@yahoo.com.br
mailto:malulz@yahoo.com.br


Table 1
24 Factorial experimental design investigating the effect of TRS concen-
tration in molasses, temperature, agitation rate and culture time to ethanol
production by Z. mobilis ATCC 29191

Run Variables in coded
levels

Measured responses

X1 X2 X3 X4 Ethanol (g L�1) Biomass (g L�1)

1 � � � � 5.74 0.89
2 + � � � 5.38 0.81
3 � + � � 7.95 0.75
4 + + � � 6.98 0.65
5 � � + � 2.97 0.56
6 + � + � 9.89 0.31
7 � + + � 4.09 0.53
8 + + + � 1.98 0.41
9 � � � + 19.33 1.07

10 + � � + 7.31 1.22
11 � + � + 22.69 1.29
12 + + � + 30.08 1.41
13 � � + + 2.94 0.81
14 + � + + 12.20 1.07
15 � + + + 2.23 0.65
16 + + + + 15.91 0.43

Factors Real levels

�1 +1

X1 Molasses (g L�1) 150 250
X2 Temperature (�C) 25 35
X3 Agitation rate (rpm) 0 180
X4 Time of cultivation (h) 12 24
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factor for the economical viability of substances produc-
tion by fermentation.

The traditional one-at-a-time optimization strategy is
relatively simple, and the individual effects of medium fac-
tors can be graphically depicted without the need of the
statistical analysis. Unfortunately, it frequently fails to
locate the region of optimum response in such procedures.
In this case, fractional and/or full factorial design provides
an efficient approach to optimization. A combination of
factors generating a certain optimum response can be iden-
tified though factorial design and the use of response sur-
face methodology (RSM) (Box et al., 1978).

The response-surface methodology is an empirical mod-
eling system that assesses the relationship between a group
of variables that can be controlled experimentally and the
observed response (Sreekumar et al., 1999; Hamsaveni
et al., 2001). Response surface methodology (RSM) is a
useful model to study the effect of several factors influenc-
ing the responses by varying them simultaneously and car-
rying out a limited number of experiments (Hamsaveni
et al., 2001). The aim of this work was to study the influ-
ence between four factors and their interaction to optimize
the ethanol production by Z. mobilis ATCC 29191 in sugar
cane molasses using factorial design and analysis by RSM.
The selected factors were sugar concentration on molasses,
temperature, agitation rate and culture time. The measured
responses were ethanol and biomass.

2. Methods

2.1. Microorganism and culture conditions

The strain used was Z. mobilis ATCC 29191. The strain
was maintained on agar plates containing (per liter): 200 g
glucose, 10 g yeast extract, 5 g peptone, 1 g (NH4)2SO4, 2 g
KH2PO4, 0.5 g MgSO4 Æ 7H2O and 0.5 g FeSO4 (Merck).
The culture medium was sterilized at 121 �C for 15 min.
The cultures were maintained at 4 �C and renewed every
five weeks.

The inoculum culture was grown composed with sucrose
at 200 g L�1 and the components mentioned previously.
The cell concentration was standardized to 0.2 g L�1,
determined by turbidimetry at k = 605 nm. The batch fer-
mentations were carried out in duplicate in the sugar cane
molasses culture medium, in the different culture condi-
tions, according to the experimental design (Table 1).

2.2. Analytical methods

After each fermentation, the culture was centrifuged
(10,0000 rpm for 15 min) and the biomass concentration
was determined by measuring the turbidity of diluted sam-
ple at 605 nm using a standard curve of absorbance against
dry cell mass. The total reducing sugars (TRS) were quan-
tified according to Somogy (1945) and Nelson (1944).
Ethanol was determined by Gas Chromatography (GC)
Shimadzu, using a DBWAX column (30.0 · 0.25 cm) with
a flux of 40 ml min�1 and isopropanol as an internal
standard.
2.3. Experimental design

The conditions to optimize Z. mobilis ethanol produc-
tion by controlling fermentation variables were performed
using a factorial design and analysis of the results by
response surface methodology (Box et al., 1978; Barros
et al., 1995). As a preliminary step for optimization, the
most important factors were screened by applying the full
24 factorial design. The main effects for each of the factors
studied were defined by the Eq. (1):

Efi ¼ ð�yþÞi � ð�y�Þi ð1Þ

where Efi is the effect of the ith factor on the ethanol pro-
duction, and ð�yþÞi and ð�y�Þi are the average ethanol pro-
ductions values at the high (+) and low (�) levels of the
factor. Interaction effects of two or more factors are also
calculated using this equation. In these calculations, the
ethanol production values attributed to the (+) and (�) lev-
els were determined by multiplying the sign in the columns
of design matrix for the factors involved in the interaction.
The following independent variables were included
X1 = total reducing sugars (TRS), X2 = temperature (�C),
X3 = agitation (rpm) and X4 = culture time (h) shown in
Table 1. The dependent variables were ethanol and bio-
mass production. This preliminary analysis facilitated



Table 2
23 Central composite design for investigating the effects of TRS in
molasses, temperature and culture time on the ethanol production by
Z. mobilis ATCC 29191

Factors Real levels

�1 0 +1

X1 Molasses (g L�1) 200 250 300
X2 Temperature (�C) 30 35 40
X3 Time of growth (h) 24 36 48
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selecting the statistically significant factors, TRS concen-
tration in sugar cane molasses (X1), temperature (X2) and
growth time (X3), therefore, two new levels for each factor
were chosen according to the experimental design, shown
in Table 2. The results of this factorial design evidenced
that TRS concentration in sugar cane molasses (X1) and
temperature (X2) are significant factors for ethanol produc-
tion. In this case, a new full factorial design was employed
to investigate the simultaneous effect of these two factors
on the response. The experiments were carried out with a
central point and star design, which consist in an identical
planning, turning from 45� regarding to the original orien-
tation, where the variables X1 and X2 were at a distance offfiffiffi

2
p

(1.414) from the central point, adding up to 11 experi-
ments, being 3 in the central point and 4 at the star design
(Table 3). All the experiments were carried out in duplicate.

The RMS used in the present study is a central compos-
ite involving two different factors. Once the experiments
are performed, the coefficients of linear and polynomial
models are calculated using the Eqs. (2) and (3):

Y ¼ b0 þ
Xk

i¼1

bixi þ e linear model ð2Þ

Y ¼ b0 þ
Xk

i¼1

bixi þ
Xk

i¼1

bijx2
i þ

Xk

ii<j

Xk

j

bijxij þ e quadratic model

ð3Þ
Table 3
22 Central composite design and star design investigating the effects of TRS in
29191

Run Coded levels Real levels

X1 X2 TRS (g L�1) Temperature (�C) Ethanol

1 � � 150 25 46.43
2 + � 250 35 42.39
3 � + 150 25 47.73
4 + + 250 35 45.22
5 0 0 200 30 55.36
6 0 0 200 30 54.31
7 0 0 200 30 55.57
8 �1414 0 80 30 28.55
9 0 1414 200 37 22.83

10 1414 0 270 30 33.43
11 0 �1414 200 18 7.87

a Ypr (%) = substrate conversion.
b Yp/s (g g�10) = yield ethanol for substrate.
c Qp (g L�1 h�1) = ethanol productivity.
where, i j, are linear and quadratic coefficients, respectively,
while b is the regression coefficients, k the number of
factors studied and optimized in the experiment and e is
random error. The significance of each coefficient was
determined using a student’s test.

3. Results and discussion

The first step of the statistical approach to the analysis
optimization was to establish the criteria that will define
the experimental factors that have a significant effect on
the response variables. Therefore, to optimize the ethanol
production it was first performed as a 24 factorial design.
Four relevant factors for the fermentative process were
selected in a factorial design 24. The variables, studied
simultaneously were: TRS concentration in sugar cane
molasses (150 and 250 g L�1), temperature (25� and
35 �C), agitation (180 oscillations per minute and static cul-
ture) and culture time (12 and 24 h), as shown in Table 1.

The main effects of the three factors concentration in
sugar cane molasses (2.72), temperature (3.27), and (8.47)
are all positives, and agitation rate is negative (�6.66).
The growth time (X4) main effect is the most significant fac-
torial design effect value for the production of ethanol. The
inclusion of agitation rate reduces the average ethanol pro-
duction. Therefore, the subsequent runs were performed in
a static format. Higher ethanol productions, 22.69 g L�1

and 30.08 g L�1 were obtained in static culture (run 11
and 12 in Table 1). According to Lee and Huang (2000)
Z. mobilis is able to obtain an ethanol production close
to the theoretical one from glucose through Entner–Dou-
doroff pathway under aerobic conditions.

Based upon the results obtained in the 24 factorial
design a 23 factorial design was developed using new vari-
ation levels in order to move sequentially in the direction of
maximizing the ethanol production. To define the best cul-
ture conditions it was necessary to test new sugar concen-
trations, temperature and culture time in a 23 factorial
molasses and temperature on the ethanol production by Z. mobilis ATCC

Measured responses

(g L�1) Ypr
a (%) Yp/s

b (g g�1) Qp
c (g L�1 h�1) Biomass (g L�1)

64.26 0.35 0.97 1.39
73.98 0.40 0.88 1.46
77.01 0.42 0.99 1.25
74.56 0.40 0.94 1.46
62.13 0.34 1.15 1.76
58.37 0.32 1.13 1.67
63.03 0.34 1.16 1.76
73.04 0.40 0.59 1.39
44.66 0.24 0.47 1.65
53.20 0.29 0.70 1.60
46.62 0.24 0.16 0.15



M.L. Cazetta et al. / Bioresource Technology 98 (2007) 2824–2828 2827
analysis, with a central point. The values of the new vari-
ables are listed in Table 2.

The results of the 23 design showed that the condition of
200 g L�1 of TRS and temperature 30 �C was the most
favorable, achieving 54.83 g L�1 after a 48-hour-culture
time. The time was a decisive factor, once the ethanol pro-
duction increased to more than 60% from 24 to 48 h. By
comparison Bandaru et al. (2006) reported a maximum eth-
anol concentration (55.3 g L�1) at 32.4 �C, pH of 4.93 after
17.24 h from sago starch using Z. mobilis MTCC 92. Davis
et al. (article in press) reported similar values (54 g L�1) for
Z. mobilis ZM4 from hydrolysed waste starch stream.

In the central point, 250 g L�1 and 35 �C, ethanol pro-
duction was an average of 31.15 g L�1. The decrease in
ethanol production at high sugar concentration occurred
due to an increase in the osmotic pressure that is one of
the essential factors for by-products synthesis such as sor-
bitol and levan. The molasses was an industrial sucrose-
containing substrates that has been reported to contain
substantial salt content (Bekers et al., 2000). At 35 �C
and 300 g L�1 sugars concentration on molasses Cazetta
et al. (2005) obtained maximum sorbitol production by
Z. mobilis ATCC 29191.

The temperature of 40 �C was negative for fermentative
process, resulting in lower productions, 4.6 g L�1. Numer-
ous studies have shown that temperatures above 37 �C are
detrimental for ethanol production (Lee et al., 1981; Sko-
tinicki et al., 1981; Lyness and Doelle, 1981; Diez and
Yokoya, 1996a). Based on the results of 23 factorial design,
it was performed as a 22 factorial design, with central com-
posite design, resulting in 11 experiments (Table 3). In this
stage the time was fixed in 48 h.

With the central composite design it was possible to con-
firm that maximum ethanol concentration occurred at the
central point, 55.8 g L�1 on average (Fig. 1 and Table 3).
These values are similar to the ones described for ethanol
production from sucrose (Skotinicki et al., 1981; Lyness
and Doelle, 1981; Sreekumar et al., 1999) and sago starch
(Bandaru et al., 2006), which confirmed that the microor-
Fig. 1. Scheme showing results of 22 factorial analysis with star design to
ethanol production by Z. mobilis ATCC 29191 in molasses.
ganism showed an optimal adaptation to the non-treated
molasses. The ethanol productivity was a mean of
1.1 g L�1 h�1.

A multiple regression analysis of the data was used to
describe the variables under study taking into account lin-
ear, quadratic and cross product terms for each factor. The
significance of the equation parameters on ethanol produc-
tion was assessed by the F test.

According to the RSM methodology, it was not possible
to fit the data obtained to either the linear or quadratic
mathematical model, however, there was evidence of a
slight curvature in the response surface. Since the average
response at the center point was larger than the average
response at the vertices, the surface was slightly convex.

The uncoupling between the biomass and ethanol pro-
duction can be observed clearly in these experiments
(Tables 1–3). Low biomass production is normally
observed in Z. mobilis, and cell growth and fermentation
are not linked (Parker et al., 1997). According to Rogers
et al. (1982) approximately 2% of the carbon source is con-
verted into biomass. This occurs due to Entner–Doudoroff
pathway used by this microorganism. This pathway yields
only a single mole of ATP per mole of sugar fermented,
giving Zymomonas the lowest molar growth yield reported
for a bacterium (Swings and DeLey, 1977).

The pH of the medium remained constant during the
experiments, varying from 6.0 at the beginning to 5.6, on
average n (Fig. 2). The pH has also been described as a fac-
tor that strongly interferes in the fermentative processes.
However, according to Diez and Yokoya (1996b) molasses
exhibits a buffering effect. This regulatory action depends
of molasses chemical composition. The main stabilizer
compounds of the pH are weak acids and amino acids that
act in the acid range, mainly between pH 3.0 and 5.0, or
phosphates, whose buffering effects occur in the range of
6.0 and 7.0. Falcão de Moraes et al. (1981) noted that
Z. mobilis possesses hugh tolerance at pH variations from
3.5 to 7.5, and its optimum at a range of 5.0–7.0. Buzato
(1984), observed no substantial oscillations on the alco-
Fig. 2. Initial and final pH values on the fermentation by Z. mobiliz

ATCC 29191.
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holic yield at a pH range of 5.0–6.0, showing that there is
no major influence of this factor when Z. mobilis is culti-
vated on molasses.
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PREFACE 
 
The Codex Alimentarius Commission is an intergovernmental body with over 180 members, within the framework of 
the Joint Food Standards Programme established by the Food and Agriculture Organization of the United Nations (FAO) 
and the World Health Organization (WHO), with the purpose of protecting the health of consumers and ensuring fair 
practices in the food trade.  The Commission also promotes coordination of all food standards work undertaken by 
international governmental and non governmental organizations.  
The Codex Alimentarius (Latin, meaning Food Law or Code) is the result of the Commission’s work: a collection of inter-
nationally adopted food standards, guidelines, codes of practice and other recommendations. The texts in this publication 
are part of the Codex Alimentarius. 

Food labelling is the primary means of communication between the producer and seller of food on one hand, and the 
purchaser and consumer of the other. The Codex Alimentarius standards and guidelines on food labelling are published 
in a specific volume: Food Labelling – Complete Texts. In addition to the general recommendations, the Codex 
Committee on Food Labelling also provides guidance for certain claims commonly found in the market in order to provide 
clear information to the consumer. 
The Codex Committee on Food Labelling developed the Guidelines for the Production, Processing, Labelling and 
Marketing of Organically Produced Foods in view of the growing production and international trade in organically 
produced foods with a view to facilitating trade and preventing misleading claims. The Guidelines are intended to 
facilitate the harmonization of requirements for organic products at the international level, and may also provide 
assistance to governments wishing to establish national regulations in this area.  
The Guidelines include general sections describing the organic production concept and the scope of the text; description 
and definitions; labelling and claims (including products in transition/conversion); rules of production and preparation, 
including criteria for the substances allowed in organic production; inspection and certification systems; and import 
control. 

Further information on labelling texts, or any other aspect of the Codex Alimentarius Commission, may be obtained from: 
The Secretary, 
Codex Alimentarius Commission, 
Joint FAO/WHO Food Standards Programme, 
FAO, Viale delle Terme di Caracalla, 
00153, Rome Italy 
fax: +39(06)57.05.45.93 
email: codex@fao.org 
Internet address: http://www.codexalimentarius.net 
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GUIDELINES FOR THE PRODUCTION, PROCESSING, LABELLING 
AND MARKETING OF ORGANICALLY PRODUCED FOODS 

GL 32–1999 

FOREWORD 

1. These guidelines have been prepared for the purpose of providing an agreed approach to the requirements 
which underpin production of, and the labelling and claims for, organically produced foods. 

2. The aims of these guidelines are: 
• to protect consumers against deception and fraud in the market place and unsubstantiated product 

claims; 
• to protect producers of organic produce against misrepresentation of other agricultural produce as being 

organic; 
• to ensure that all stages of production, preparation, storage, transport and marketing are subject to 

inspection and comply with these guidelines; 
• to harmonize provisions for the production, certification, identification and labelling have organically grown 

produce; 
• to provide international guidelines for organic food control systems in order to facilitate recognition of 

national systems as equivalent for the purposes of imports; and 
• to maintain and enhance organic agricultural systems in each country so as to contribute to local and 

global preservation. 

3.  These guidelines are at this stage a first step into official international harmonization of the requirements for 
organic products in terms of production and marketing standards, inspection arrangements and labelling 
requirements. In this area the experience with the development of such requirements and their implementation 
is still very limited. Moreover, consumer perception on the organic production method may, in certain detailed 
but important provisions, differ from region to region in the world. Therefore, the following is recognized at this 
stage: 
• the guidelines are a useful instrument in assisting countries to develop national regimes regulating 

production, marketing and labelling of organic foods; 
• the guidelines need regular improvement and updating in order to take into account technical progress 

and the experience with their implementation; 
• the guidelines do not prejudice the implementation of more restrictive arrangements and more detailed 

rules by member countries in order to maintain consumer credibility and prevent fraudulent practices, and 
to apply such rules to products from other countries on the basis of equivalency to such more restrictive 
provisions. 

4. These guidelines set out the principles of organic production at farm, preparation, storage, transport, labelling 
and marketing stages, and provides an indication of accepted permitted inputs for soil fertilizing and 
conditioning, plant pest and disease control and, food additives and processing aids. For labelling purposes, 
the use of terms inferring that organic production methods have been used are restricted to products derived 
from operators under the supervision of a certification body or authority. 

5. Organic agriculture is one among the broad spectrum of methodologies which are supportive of the 
environment. Organic production systems are based on specific and precise standards of production which 
aim at achieving optimal agroecosystems which are socially, ecologically and economically sustainable. Terms 
such as “biological” and “ecological” are also used in an effort to describe the organic system more clearly. 
Requirements for organically produced foods differ from those for other agricultural products in that production 
procedures are an intrinsic part of the identification and labelling of, and claim for, such products.  

6. “Organic” is a labelling term that denotes products that have been produced in accordance with organic 
production standards and certified by a duly constituted certification body or authority. Organic agriculture is 
based on minimizing the use of external inputs, avoiding the use of synthetic fertilizers and pesticides. Organic 
agriculture practices cannot ensure that products are completely free of residues, due to general 
environmental pollution. However, methods are used to minimize pollution of air, soil and water. Organic food 
handlers, processors and retailers adhere to standards to maintain the integrity of organic agriculture products. 
The primary goal of organic agriculture is to optimize the health and productivity of interdependent 
communities of soil life, plants, animals and people. 
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7. Organic agriculture is a holistic production management system which promotes and enhances 

agroecosystem health, including biodiversity, biological cycles, and soil biological activity. It emphasizes the 
use of management practices in preference to the use of off-farm inputs, taking into account that regional 
conditions require locally adapted systems. This is accomplished by using, where possible, cultural, biological 
and mechanical methods, as opposed to using synthetic materials, to fulfil any specific function within the 
system. An organic production system is designed to: 
a) enhance biological diversity within the whole system; 
b) increase soil biological activity; 
c) maintain long-term soil fertility; 
d) recycle wastes of plant and animal origin in order to return nutrients to the land, thus minimizing the use of 

non-renewable resources; 
e) rely on renewable resources in locally organized agricultural systems; 
f) promote the healthy use of soil, water and air as well as minimize all forms of pollution thereto that may 

result from agricultural practices; 
g) handle agricultural products with emphasis on careful processing methods in order to maintain the organic 

integrity and vital qualities of the product at all stages; 
h) become established on any existing farm through a period of conversion, the appropriate length of which 

is determined by site-specific factors such as the history of the land, and type of crops and livestock to be 
produced. 

8. The concept of close contact between the consumer and the producer is a long established practice. Greater 
market demand, the increasing economic interests in production, and the increasing distance between 
producer and consumer has stimulated the introduction of external control and certification procedures. 

9. An integral component of certification is the inspection of the organic management system. Procedures for 
operator certification are based primarily on a yearly description of the agricultural enterprise as prepared by 
the operator in cooperation with the inspection body. Likewise, at the processing level, standards are also 
developed against which the processing operations and plant conditions can be inspected and verified. Where 
the inspection process is undertaken by the certification body or authority, there must be clear separation of 
the inspection and certification function. In order to maintain their integrity, certification bodies or authorities 
which certify the procedures of the operator should be independent of economic interests with regard to the 
certification of operators. 

10. Apart from a small portion of agricultural commodities marketed directly from the farm to consumers, most 
products find their way to consumers via established trade channels. To minimize deceptive practices in the 
market place, specific measures are necessary to ensure that trade and processing enterprises can be 
audited effectively. Therefore, the regulation of a process, rather than a final product, demands responsible 
action by all involved parties. 

11. Import requirements should be based on the principles of equivalency and transparency as set out in the 
Principles for Food Import and Export Inspection and Certification.1 In accepting imports of organic products, 
countries would usually assess the inspection and certification procedures and the standards applied in the 
exporting country. 

12. Recognizing that organic production systems continue to evolve and that organic principles and standards will 
continue to be developed under these guidelines, the Codex Committee on Food Labelling (CCFL) shall 
review these guidelines on a regular basis. The CCFL shall initiate this review process by inviting member 
governments and international organizations to make proposals to the CCFL regarding amendments to these 
guidelines prior to each CCFL meeting. 

 

SECTION 1. SCOPE 

1.1 These guidelines apply to the following products which carry, or are intended to carry, descriptive labelling 
referring to organic production methods: 
a) unprocessed plants and plant products, livestock and livestock products to the extent that the principles of 

production and specific inspection rules for them are introduced in Annexes 1 and 3; and 

                                                 
1 CAC/GL 20-1995. 
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b) processed agricultural crop and livestock products2 intended for human consumption derived from (a) 
above. 

1.2 A product will be regarded as bearing indications referring to organic production methods where, in the 
labelling or claims, including advertising material or commercial documents, the product, or its ingredients, is 
described by the terms “organic”, “biodynamic”, “biological”, “ecological”, or words of similar intent including 
diminutives which, in the country where the product is placed on the market, suggests to the purchaser that 
the product or its ingredients were obtained according to organic production methods. 

1.3 Paragraph 1.2 does not apply where these terms clearly have no connection with the method of production. 

1.4 These guidelines apply without prejudice to other Codex Alimentarius Commission (CAC) provisions 
governing the production, preparation, marketing, labelling and inspection of the products specified in 
paragraph 1.1.  

1.5 All materials and/or the products produced from genetically engineered/modified organisms (GEO/GMO) are 
not compatible with the principles of organic production (either the growing, manufacturing, or processing) and 
therefore are not accepted under these guidelines.  

 

SECTION 2. DESCRIPTION AND DEFINITIONS 

2.1 Description 
Foods should only refer to organic production methods if they come from an organic farm system employing 
management practices which seek to nurture ecosystems which achieve sustainable productivity, and provide 
weed, pest and disease control through a diverse mix of mutually dependent life forms, recycling plant and 
animal residues, crop selection and rotation, water management, tillage and cultivation. Soil fertility is 
maintained and enhanced by a system which optimizes soil biological activity and the physical and mineral 
nature of the soil as the means to provide a balanced nutrient supply for plant and animal life as well as to 
conserve soil resources. Production should be sustainable with the recycling of plant nutrients as an essential 
part of the fertilizing strategy. Pest and disease management is attained by means of the encouragement of a 
balanced host/predator relationship, augmentation of beneficial insect populations, biological and cultural 
control and mechanical removal of pests and affected plant parts. The basis for organic livestock husbandry is 
the development of a harmonious relationship between land, plants and livestock, and respect for the 
physiological and behavioural needs of livestock. This is achieved by a combination of providing good quality 
organically grown feedstuffs, appropriate stocking rates, livestock husbandry systems appropriate to 
behavioural needs, and animal management practices that minimize stress and seek to promote animal health 
and welfare, prevent disease and avoid the use of chemical allopathic veterinary drugs (including antibiotics).  
 

2.2 Definitions 
For the purpose of these guidelines: 
Agricultural product/product of agricultural origin means any product or commodity, raw or processed, 

that is marketed for human consumption (excluding water, salt and additives) or animal feed. 
Audit is a systematic and functionally independent examination to determine whether activities and related 

results comply with planned objectives.3

Certification is the procedure by which official certification bodies, or officially recognized certification bodies, 
provide written or equivalent assurance that foods or food control systems conform to requirements. 
Certification of food may be, as appropriate, based on a range of inspection activities which may include 
continuous on-line inspection, auditing of quality assurance systems and examination of finished 
products.4  

Certification body means a body which is responsible for verifying that a product sold or labelled as “organic” 
is produced, processed, prepared handled, and imported according to these guidelines.  

Competent authority means the official government agency having jurisdiction. 
Genetically engineered/modified organisms. The following provisional definition is provided for 

genetically/modified organisms.5 Genetically engineered/modified organisms, and products thereof, are 

                                                 
2 Until lists of ingredients of non agricultural origin and processing aids permitted in the preparation of products of livestock origin are 

elaborated, competent authorities should develop their own lists. 
3 CAC/GL 20-1995. 
4 CAC/GL 20-1995. 
5 In the absence of a definition of genetically engineered/modified organisms agreed by the Codex Alimentarius Commission, this definition has 

been developed in order to provide initial guidance for governments in the application of these guidelines. This definition is therefore to remain 
under review in the light of other considerations by the Commission and its Committees. In the interim, member countries may also apply 
national definitions. 
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produced through techniques in which the genetic material has been altered in a way that does not occur 
naturally by mating and/or natural recombination. 

Techniques of genetic engineering/modification include, but are not limited to: recombinant DNA, cell 
fusion, micro and macro injection, encapsulation, gene deletion and doubling. Genetically engineered 
organisms will not include organisms resulting from techniques such as conjugation, transduction and 
hybridization. 

Ingredient means any substance, including a food additive, used in the manufacture or preparation of a food 
and present in the final product although possibly in a modified form.6

Inspection is the examination of food or systems for control of food, raw materials, processing, and 
distribution including in-process and finished product testing, in order to verify that they conform to 
requirements.7 For organic food, inspection includes the examination of the production and processing 
system.  

Labelling means any written, printed or graphic matter that is present on the label, accompanies the food, or 
is displayed near the food, including that for the purpose of promoting its sale or disposal.8

Livestock means any domestic or domesticated animal including bovine (including buffalo and bison), ovine, 
porcine, caprine, equine, poultry and bees raised for food or in the production of food.9 The products of 
hunting or fishing of wild animals shall not be considered part of this definition. 

Marketing means holding for sale or displaying for sale, offering for sale, selling, delivering or placing on the 
market in any other form. 

Official accreditation is the procedure by which a government agency having jurisdiction formally recognizes 
the competence of an inspection and/or certification body to provide inspection and certification services. 
For organic production the competent authority may delegate the accreditation function to a private body.  

Officially recognized inspection systems/officially recognized certification systems are systems which 
have been formally approved or recognized by a government agency having jurisdiction.10

Operator means any person who produces, prepares or imports, with a view to the subsequent marketing 
thereof, products as referred to in Section 1.1, or who markets such products. 

Plant protection product means any substance intended for preventing, destroying, attracting, repelling, or 
controlling any pest or disease including unwanted species of plants or animals during the production, 
storage, transport, distribution and processing of food, agricultural commodities, or animal feeds. 

Preparation means the operations of slaughtering, processing, preserving and packaging of agricultural 
products and also alterations made to the labelling concerning the presentation of the organic production 
method. 

Production means the operations undertaken to supply agricultural products in the state in which they occur 
on the farm, including initial packaging and labelling of the product. 

Veterinary drug means any substance applied or administered to any food-producing animal, such as meat 
or milk-producing animals, poultry, fish or bees, whether used for therapeutic, prophylactic or diagnostic 
purposes or for modification of physiological functions or behaviour.11

 

SECTION 3. LABELLING AND CLAIMS 

 General provisions 
3.1 Organic products should be labelled in accordance with the Codex General Standard for the Labelling of 

Prepackaged Foods.12

3.2 The labelling and claims of a product specified in Section 1.1(a) may refer to organic production methods only 
where: 
a) such indications show clearly that they relate to a method of agricultural production; 
b) the product was produced in accordance with the requirements of Section 4 or imported under the 

requirements laid down in Section 7; 
c) the product was produced or imported by an operator who is subject to the inspection measures laid down 

in Section 6, and 
d) the labelling refers to the name and/or code number of the officially recognized inspection or certification 

body to which the operator who has carried out the production or the most recent processing operation is 
subject. 

3.3 The labelling and claims of a product specified in paragraph 1.1(b) may refer to organic production methods 
only where: 

                                                 
6 General Standard for the Labelling of Prepackaged Foods, Section 4 – Labelling of Prepackaged Foods (CODEX STAN 1-1985). 
7 CAC/GL 20-1995. 
8 CODEX STAN 1-1985. 
9 Provisions for aquaculture will be elaborated at a future date. 
10 CAC/GL 20-1995. 
11 Codex Alimentarius Commission Procedural Manual, Definitions. 
12  CODEX STAN 1-1985. 
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a) such indication show clearly that they relate to a method of agricultural production and are linked with the 
name of the agricultural product in question, unless such indication is clearly given in the list of 
ingredients; 

b) all the ingredients of agricultural origin of the product are, or are derived from, products obtained in 
accordance with the requirements of Section 4, or imported under the arrangements laid down in Section 
7; 

c) the product should not contain any ingredient of non-agricultural origin not listed in Annex 2, Table 3; 
d) the same ingredients shall not be derived from an organic and non-organic origin; 
e) the product or its ingredients have not been subjected during preparation to treatments involving the use 

of ionizing radiation or substances not listed in Annex 2, Table 4; 
f) the product was prepared or imported by an operator subject to the regular inspection system as set out 

in Section 6 of these guidelines; and 
g) the labelling refers to the name and/or the code number of the official or officially recognized certification 

body or authority to which the operator who has carried out the most recent preparation operation is 
subject. 

3.4 By way of derogation from paragraph 3.3(b),  
– certain ingredients of agricultural origin not satisfying the requirement in that paragraph may be used, 

within the limit of maximum level of 5% m/m of the total ingredients excluding salt and water in the final 
product, in the preparation of products as referred to in paragraph 1.1(b); 

– where such ingredients of agricultural origin are not available, or in sufficient quantity, in accordance with 
the requirements of Section 4 of these guidelines; 

3.5 Pending further review of the guidelines in accordance with Section 8, Member Countries can consider the 
following with regard to products referred to in paragraph 1.1(b) marketed in their territory: 
– the development of specific labelling provisions for products containing less than 95% ingredients of 

agricultural ingredients; 
– the calculation of the percentages in 3.4 (5%) and in 3.5 (95%) on the basis of the ingredients of 

agricultural origin (instead of all ingredients excluding only salt and water); 
– the marketing of product with in transition/conversion labelling containing more than one ingredient of 

agricultural origin. 

3.6 In developing labelling provisions from products containing less than 95% of organic ingredients in accordance 
with the paragraph above, member countries may consider the following elements in particular for products 
containing 95% and 70% of organic ingredients: 
a) the product satisfies the requirements of paragraphs 3.3(c), (d) (e), (f) and (g); 
b) the indications referring to organic production methods should only appear on the front panel as a 

reference to the approximate percentage of the total ingredients including additives but excluding salt and 
water; 

c) the ingredients, appear in descending order (mass/mass) in the list of ingredients; 
d) indications in the list of ingredients appear in the same colour and with an identical style and size of 

lettering as other indications in the list of ingredient. 
 

 Labelling of products in transition/conversion to organic 
3.7 Products of farms in transition to organic production methods may only be labelled as “transition to organic” 

after 12 months of production using organic methods providing that: 
a) the requirements referred to in paragraphs 3.2 and 3.3 are fully satisfied; 
b) the indications referring to transition/conversion do not mislead the purchaser of the product regarding its 

difference from products obtained from farms and/or farm units which have fully completed the conversion 
period; 

c) such indication take the form of words, such as “product under conversion to organic farming”, or similar 
words or phrase accepted by the competent authority of the country where the product is marketed, and 
must appear in a colour, size and style of lettering which is not more prominent than the sales description 
of the product; 

d) foods composed of a single ingredient may be labelled as “transition to organic” on the principal display 
panel; 

e) the labelling refers to the name and/or the code number of the official or officially approved certification 
body or authority to which the operator who has carried out the most recent preparation is subject. 

 
 Labelling of non-retail containers 
3.8 The labelling of non-retail containers of product specified in paragraph 1.1 should meet the requirements set 

out in Annex 3, paragraph 10. 
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SECTION 4. RULES OF PRODUCTION AND PREPARATION 

4.1 Organic production methods require that for the production of products referred to in paragraph 1.1(a): 
a) at least the production requirements of Annex 1 should be satisfied; 
b) in the case where (a) (above) is not effective, substances listed in Annex 2, Tables 1 and 2 or substances 

approved by individual countries that meet the criteria established in Section 5.1, may be used as plant 
protection products, fertilizers, soil conditioners, insofar as the corresponding use is not prohibited in 
general agriculture in the country concerned in accordance with the relevant national provisions. 

4.2 Organic processing methods require that for the preparation of products referred to in paragraph 1.1(b): 
a) at least the processing requirements of Annex 1 should satisfied; 
b) substances listed in Annex 2, Tables 3 and 4 or substances approved by individual countries that meet 

the criteria established in Section 5.1 may be used as ingredients of non-agricultural origin or processing 
aids insofar as the corresponding use is not prohibited in the relevant national requirements concerning 
the preparation of food products and according to good manufacturing practice. 

4.3 Organic products should be stored and transported according to the requirements of Annex 1. 

4.4 By derogation of the provisions of paragraphs 4.1 (a) and 4.2 (a), the competent authority may, with regard to 
the provisions on livestock production at Annex 1, provide for more detailed rules as well as for derogations for 
implementation periods in order to permit gradual development of organic farming practices. 

 

SECTION 5. REQUIREMENTS FOR INCLUSION OF SUBSTANCES IN ANNEX 2 AND CRITERIA 
FOR THE DEVELOPMENT OF LISTS OF SUBSTANCES BY COUNTRIES  

5.1 At least the following criteria should be used for the purposes of amending the permitted substance lists 
referred to in Section 4. In using these criteria to evaluate new substances for use in organic production, 
countries should take into account all applicable statutory and regulatory provisions and make them available 
to other countries upon request.  

Any proposals for the inclusion in Annex 2 of new substances must meet the following general criteria: 
i) they are consistent with principles of organic production as outlined in these Guidelines; 
ii) use of the substance is necessary/essential for its intended use; 
iii) manufacture, use and disposal of the substance does not result in, or contribute to, harmful effects on the 

environment; 
iv) they have the lowest negative impact on human or animal health and quality of life; and 
v) approved alternatives are not available in sufficient quantity and/or quality. 
 
The above criteria are intended to be evaluated as a whole in order to protect the integrity of organic 
production. In addition, the following criteria should be applied in the evaluation process: 
a) if they are used for fertilization, soil conditioning purposes: 

– they are essential for obtaining or maintaining the fertility of the soil or to fulfil specific nutrition 
requirements of crops, or specific soil-conditioning and rotation purposes which cannot be satisfied by 
the practices included in Annex 1, or other products included in Table 2 of Annex 2; and 

– the ingredients will be of plant, animal, microbial, or mineral origin and may undergo the following 
processes: physical (e.g., mechanical, thermal), enzymatic, microbial (e.g., composting, fermentation); 
only when the above processes have been exhausted, chemical processes may be considered and 
only for the extraction of carriers and binders;13 and 

– their use does not have a harmful impact on the balance of the soil ecosystem or the physical 
characteristics of the soil, or water and air quality; and 

– their use may be restricted to specific conditions, specific regions or specific commodities; 
b) if they are used for the purpose of plant disease or pest and weed control:  

– they should be essential for the control of a harmful organism or a particular disease for which other 
biological, physical, or plant breeding alternatives and/or effective management practices are not 
available; and 

– their use should take into account the potential harmful impact on the environment, the ecology (in 
particular non-target organisms) and the health of consumers, livestock and bees; and 

– substances should be of plant, animal, microbial, or mineral origin and may undergo the following 
processes: physical (e.g. mechanical, thermal), enzymatic, microbial (e.g. composting, digestion); 

                                                 
13 The use of chemical processes in the context of these Criteria is an interim measure and should be reviewed in line with the provisions as set 

out in Section 8 of these Guidelines. 
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– however, if they are products used, in exceptional circumstances, in traps and dispensers such as 
pheromones, which are chemically synthesized they will be considered for addition to lists if the 
products are not available in sufficient quantities in their natural form, provided that the conditions for 
their use do not directly or indirectly result in the presence of residues of the product in the edible 
parts; 

– their use may be restricted to specific conditions, specific regions or specific commodities; 
c) if they are used as additives or processing aids in the preparation or preservation of the food : 

– these substances are used only if it has been shown that, without having recourse to them, it is 
impossible to: 
– produce or preserve the food, in the case of additives, or  
– produce the food, in the case of processing aids 
in the absence of other available technology that satisfies these Guidelines; 

– these substances are found in nature and may have undergone mechanical/physical processes (e.g. 
extraction, precipitation), biological/enzymatic processes and microbial processes (e.g. fermentation), 

– or, if these substances mentioned above are not available from such methods and technologies in 
sufficient quantities, then those substances that have been chemically synthesized may be considered 
for inclusion in exceptional circumstances; 

– their use maintains the authenticity of the product; 
– the consumer will not be deceived concerning the nature, substance and quality of the food; 
– the additives and processing aids do not detract from the overall quality of the product. 
 

In the evaluation process of substances for inclusion on lists all stakeholders should have the opportunity to be 
involved. 
 

5.2 Countries should develop or adopt a list of substances that meet the criteria outlined in Section 5.1. 
 
 The open nature of the lists 
5.3 Because of the primary purpose of providing a list of substances, the lists in Annex 2 are open and subject to 

the inclusion of additional substances or the removal of existing ones on an ongoing basis. When a country 
proposes inclusion or amendment of a substance in Annex 2 it should submit a detailed description of the 
product and the conditions of its envisaged use to demonstrate that the requirements under Section 5.1 are 
satisfied. The procedure for requesting amendments to the lists is set out under Section 8 of these Guidelines. 

 

SECTION 6. INSPECTION AND CERTIFICATION SYSTEMS14

6.1 Inspection and certification systems are used to verify the labelling of, and claims for, organically produced 
foods. Development of these systems should take into account the Principles for Food Import and Export 
Inspection and Certification15, the Guideline for the Design, Operation, Assessment and Accreditation of Food 
Import and Export Inspection and Certification Systems.16,17

6.2 Competent authorities should establish an inspection system operated by one or more designated authorities 
and/or officially recognized inspection/certification18 bodies to which the operators producing, preparing or 
importing products as referred to in paragraph 1.1 should be subject. 

6.3 The officially recognized inspection and certification systems should comprise at least the application of the 
measures and other precautions set out in Annex 3. 

6.4 For the application of the inspection system operated by the official or officially recognized certification body or 
authority, countries should identify a competent authority responsible for the approval and supervision of such 
bodies: 
– the identified competent authority may delegate, while maintaining the responsibility for the decisions and 

actions taken, the assessment and supervision of private inspection and certification bodies to a private or 
public third party hereafter referred to as its “designate”. If delegated, the private or public third party 
should not be engaged in inspection and/or certification; 

– for this purpose an importing country may recognize a third party accrediting body when the exporting 
country lacks an identified competent authority and a national program. 

                                                 
14 The systems conducted by certification bodies may in some countries be equivalent to those systems conducted by inspection bodies. 

Therefore, the term “inspection and certification” has been used wherever these systems may be synonymous. 
15 CAC/GL 20-1995. 
16 CAC/GL 26-1997. 
17 See also other agreed international standards, e.g. ISO65. 
18 In organic approval processes reference is frequently made to certification performed by either a ‘certification body’ or an ‘inspection body’. 

Where these functions are conducted by the same body there must be clear separation of the inspection and certification roles. 
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6.5 In order to attain approval as an officially recognized certification body or authority, the competent authority, or 

its designate, when making its assessment should take into account the following: 
a) the standard inspection/certification procedures to be followed, including detailed description of the 

inspection measures and precautions which the body undertakes to impose on operators subject to 
inspection; 

b) the penalties which the body intends to apply where irregularities and/or infringements are found; 
 
c) the availability of appropriate resources in the form of qualified staff, administrative and technical facilities, 

inspection experience and reliability; 
d) the objectivity of the body vis-à-vis the operators subject to inspection. 

6.6 The competent authority or its designate should: 
a) ensure that the inspections carried out on behalf of the inspection or certification body are objective; 
b) verify the effectiveness of inspections; 
c) take cognizance of any irregularities and/or infringements found and penalties applied; 
d) withdraw approval of the certification body or authority where it fails to satisfy the requirements referred to 

in (a) and (b) or, no longer fulfils the criteria indicated in paragraph 6.5 or, fails to satisfy the requirements 
laid down in paragraphs 6.7 to 6.9. 

6.7 Official and/or officially recognized certification bodies or authority referred to in paragraph 6.2 should: 
a) ensure that at least the inspection measures and precautions specified in Annex 3 are applied to 

undertakings subject to inspection; and 
b) not disclose confidential information and data obtained in their inspection or certification activities to 

persons other than the person responsible for the undertaking concerned and the competent authorities. 

6.8 Official or officially recognized inspection and/or certification bodies or authority should: 
a) give the competent authority or its designate, for audit purposes, access to their offices and facilities and, 

for random audit of its operators, access to the facilities of the operators, together with any information 
and assistance deemed necessary by the competent authority or its designate for the fulfilment of its 
obligations pursuant to these guidelines; 

b) send to the competent authority or its designate each year a list of operators subject to inspection for the 
previous year and present to the said authority a concise annual report. 

6.9  The designated authority and the official or officially recognized certification body or authority referred to in 
paragraph 6.2 should: 
a) ensure that, where an irregularity is found in the implementation of Sections 3 and 4, or of the measures 

referred to in Annex 3, the indications provided for in paragraph 1.2 referring to the organic production 
method are removed from the entire lot or production run affected by the irregularity concerned; 

b) where a manifest infringement, or an infringement with prolonged effects is found, prohibit the operator 
concerned from marketing products with indications referring to the organic production method for a 
period to be agreed with the competent authority or its designate. 

6.10 The requirements of the Guidelines for the Exchange of Information between Countries on Rejections of 
Imported Food19 should apply where the competent authority finds irregularities and/or infringements in the 
application of these guidelines. 

 

SECTION 7. IMPORTS 

7.1 Products as specified in paragraph 1.1 which are imported may be marketed only where the competent 
authority or designated body in the exporting country has issued a certificate of inspection stating that the lot 
designated in the certificate was obtained within a system of production, preparation, marketing and inspection 
applying at least the rules provided for in all sections and annexes of these guidelines and satisfy the decision 
on equivalency referred to under 7.4.  

7.2 The certificate referred to in paragraph 7.1 above should accompany the goods, in the original copy, to the 
premises of the first consignee; thereafter the importer should keep the transactional certificate for not less 
than two years for inspection/audit purposes. 

7.3 The authenticity of the product should be maintained after import through to the consumer. If imports of 
organic products are not in conformity with the requirements of these guidelines due to treatment required by 

                                                 
19 CAC/GL 25-1997. 
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national regulations for quarantine purposes that is not in conformity with these guidelines they loose their 
organic status.  

7.4 An importing country may: 
a) require detailed information, including reports established by independent experts mutually agreed 

between competent authorities of the exporting and importing countries, on the measures applied in the 
exporting country to enable it to make judgements and decisions on equivalency with its own rules 
provided that these rules of the importing country meet the requirements of these guidelines, and/or  

b) arrange together with the exporting country for site visits to examine the rules of production and 
preparation, and the inspection/certification measures including production and preparation itself as 
applied in the exporting country. 

c) require, in order to avoid any confusion to the consumer, that the product is labelled in accordance with 
the labelling requirements applied, in accordance with the provisions of section 3, in the importing country 
for the products concerned. 

 

SECTION 8. ONGOING REVIEW OF THE GUIDELINES 

8.1 In line with the purpose of the guidelines to provide advice to governments, member governments and 
international organizations are invited to make proposals to the Codex Committee on Food Labelling on an 
ongoing basis. Once a final document is agreed, the Codex Committee on Food Labelling shall conduct a 
review each 4 years of these guidelines and review each two years (or as required) the lists included in Annex 
2 in order to take into account the latest developments in this area.  

8.2 Proposals should be directed in the first instance to the Secretary, Codex Alimentarius Commission, Joint 
FAO/WHO Food Standards Programme, FAO, 00153, Rome, Italy. 
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ANNEX 1 

ANNEX 1 
PRINCIPLES OF ORGANIC PRODUCTION 

A. PLANTS AND PLANT PRODUCTS 

1. The principles set out in this Annex should have been applied on the parcels, farm or farm units during a 
conversion period of at least two years before sowing, or in the case of perennial crops other than grassland, 
at least three (3) years before the first harvest of products as referred to in paragraph 1.1(a) of these 
guidelines. The competent authority, or where delegated, the official or officially recognized certification body 
or authority may decide in certain cases (such as idle use for two years or more) to extend or reduce that 
period in the light of previous parcel use but the period must equal or exceed 12 months. 

2. Whatever the length of the conversion period it may only begin once a production unit has been placed under 
an inspection system as required by 6.2 and once the unit has started the implementation of the production 
rules referred to in Section 4 of these Guidelines. 

3. In cases where a whole farm is not converted at one time, it may be done progressively whereby these 
guidelines are applied from the start of conversion on the relevant fields. Conversion from conventional to 
organic production should be effected using permitted techniques as defined in these guidelines. In cases 
where a whole farm is not converted at the same time, the holding must be split into units as referred to in 
Annex 3, part A, paragraphs 3 and 11. 

4. Areas in conversion as well as areas converted to organic production must not be alternated (switched back 
and forth) between organic and conventional production methods. 

5. The fertility and biological activity of the soil should be maintained or increased, where appropriate, by: 
a) cultivation of legumes, green manures or deep-rooting plants in an appropriate multi-annual rotation 

programme; 
b) incorporation in the soil of organic material, composted or not, from holdings producing in accordance with 

these guidelines. By-products from livestock farming, such as farmyard manure, may be used if they 
come from livestock holdings producing in accordance with these guidelines; 

 
Substances, as specified in Annex 2, Table 1 may be applied only to the extent that adequate nutrition of the 
crop or soil conditioning are not possible by the methods set out in 5(a) and (b) above or, in the case of 
manures, they are not available from organic farming. 
c) for compost activation, appropriate micro-organisms or plant-based preparations may be used; 
d) biodynamic preparations from stone meal, farmyard manure or plants may also be used for the purpose 

covered by paragraph 5. 

6. Pests, diseases and weeds should be controlled by any one, or a combination, of the following measures: 
– choice of appropriate species and varieties; 
– appropriate rotation programs; 
– mechanical cultivation;  
– protection of natural enemies of pests through provision of favourable habitat, such as hedges and 

nesting sites, ecological buffer zones which maintain the original vegetation to house pest predators; 
– diversified ecosystems. These will vary between geographical locations. For example, buffer zones to 

counteract erosion, agro-forestry, rotating crops, etc. 
– flame weeding; 
– natural enemies including release of predators and parasites; 
– biodynamic preparations from stone meal, farmyard manure or plants; 
– mulching and mowing; 
– grazing of animals; 
– mechanical controls such as traps, barriers, light and sound; 
– steam sterilization when proper rotation of soil renewal cannot take place. 

7. Only in cases of imminent or serious threat to the crop and where the measures identified in 6. (above) are, or 
would not be effective, recourse may be had to products referred to in Annex 2.  

8. Seeds and vegetative reproductive material should be from plants grown in accordance with the provisions of 
Section 4.1 of these guidelines for at least one generation or, in the case of perennial crops, two growing 
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seasons. Where an operator can demonstrate to the official or officially recognized certification body or 
authority that material satisfying the above requirements is not available, the certification body or authority 
may support: 
a) in the first instance, use of untreated seeds or vegetative reproductive material, or 
b) if (a) is not available, use of seeds and vegetative reproductive material treated with substances other 

than those included in Annex 2. 

 The competent authority may establish criteria to limit the application of the derogation in 8 above. 

9. The collection of edible plants and parts thereof, growing naturally in natural areas, forests and agricultural 
areas, is considered an organic production method provided that: 
– the products are from a clearly defined collection area that is subject to the inspection/certification 

measures set out in Section 6 of these guidelines; 
– those areas have received no treatments with products other than those referred to in Annex 2 for a 

period of three years before the collection; 
– the collection does not disturb the stability of the natural habitat or the maintenance of the species in the 

collection area; 
– the products are from an operator managing the harvesting or gathering of the products, who is clearly 

identified and familiar with the collection area. 

B. LIVESTOCK AND LIVESTOCK PRODUCTS  

 General principles 
1. Where livestock for organic production are maintained, they should be an integral part of the organic farm unit 

and should be raised and held according to these guidelines.  

2. Livestock can make an important contribution to an organic farming system by: 
a) improving and maintaining the fertility of the soil; 
b) managing the flora through grazing; 
c) enhancing biodiversity and facilitating complementary interactions on the farm; and 
d) increasing the diversity of the farming system.  

3. Livestock production is a land related activity. Herbivores must have access to pasture and all other animals 
must have access to open-air runs; the competent authority may allow exceptions when the animals’ 
physiological state, inclement weather conditions, and state of the land so permit, or the structure of certain 
`traditional` farming systems restrict access to pasture, providing the welfare of the animals can be 
guaranteed.  

4. Stocking rates for livestock should be appropriate for the region in question taking into consideration feed 
production capacity, stock health, nutrient balance, and environmental impact. 

5. Organic livestock management should aim to utilize natural breeding methods, minimize stress, prevent 
disease, progressively eliminate the use of chemical allopathic veterinary drugs (including antibiotics), reduce 
the feeding of animals with products of animal origin (e.g. meat meal), and maintain animal health and welfare. 

 
 Livestock sources/origin  
6. The choice of breeds, strains and breeding methods shall be consistent with the principles of organic farming, 

taking into account in particular: 
a) their adaptation to the local conditions; 
b) their vitality and resistance to disease;  
c) the absence of specific diseases or health problems associated with some breeds and strains (porcine 

stress syndrome, spontaneous abortion etc). 

7. Livestock used for products satisfying Section 1.1 (a) of these guidelines must come, from birth or hatching, 
from production units complying with these guidelines, or have been the offspring of parents raised under the 
conditions set down in these guidelines. They must be raised under this system throughout their life.  

 Livestock may not be transferred between organic and non-organic units. The competent authority can 
establish detailed rules for the purchase of livestock from other units complying with these Guidelines. 

 Livestock existing on the livestock production unit, but not complying with these Guidelines, may be 
converted. 
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8. When an operator can demonstrate to the satisfaction of the official or officially recognized 

inspection/certification body that livestock satisfying the requirements indicated in the previous paragraph are 
not available, the official or officially recognized inspection/ certification body may allow livestock not raised 
according these guidelines under circumstances such as: 
a) for considerable expansion of the farm, when a breed is changed or when new livestock specialization is 

developed; 
b) for the renewal of a herd, e.g., high mortality of animals caused by catastrophic circumstances; 
c) males for breeding. 

The competent authority may set the specific conditions under which livestock from non-organic sources may 
be allowed or not allowed, taking into account that animals be brought in as young as possible as soon as they 
are weaned. 
 

9. These livestock qualified by the derogations indicated in the previous paragraph must comply with the 
conditions set out in paragraph 12. These conversion periods must be observed if the products are to be sold 
as organic according to Section 3 of these guidelines. 

  
 Conversion 
10. The conversion of the land intended for feeding crops or pasture must comply with the rules set out in Part A 

paragraphs 1, 2, and 3 of this Annex. 

11. The competent authority may reduce the conversion periods or conditions established in paragraph 10 (for the 
land) and/or paragraph 12 (for livestock and livestock products) in the following cases: 
a) pasture, open-air runs and exercise areas used by non-herbivore species; 
b) for bovine, equine, ovine and caprine coming from extensive husbandry during an implementation period 

established by the competent authority or dairy herds converted for the first time; 
c) if there is simultaneous conversion of livestock and land used only for feeding within the same unit, the 

conversion period for both livestock, pasture and/or land used for animal feed, may be reduced to two 
years only in the case where the existing livestock and their offspring are fed mainly with products from 
the unit. 

12. Once the land has reached organic status and livestock from a non-organic source is introduced, and if the 
products are to be sold as organic, such livestock must be reared according to these Guidelines for at least 
the following compliance periods: 

 Bovine and equine 
Meat products:  12 months and at least ¾ of their life span in the organic management system; 
Calves for meat production:  6 months when brought in as soon as they are weaned and less than 6 months 

old; 
Milk products:  90 days during the implementation period established by the competent authority, after that, 

six months. 
 Ovine and caprine 

Meat products:  six months; 
Milk products:  90 days during the implementation period established by the competent authority, after that, 

six months. 
 Porcine 

Meat products:  Six months.  
 Poultry/laying hens 

Meat products: whole of life span as determined by the competent authority; 
Eggs:  six weeks. 
 

 Nutrition 
13. All livestock systems should provide the optimum level of 100% of the diet from feedstuffs (including ‘in 

conversion’ feedstuffs) produced to the requirements of these guidelines.  

14. For an implementation period to be set by the competent authority, livestock products will maintain their 
organic status providing feed, consisting of at least 85% for ruminants and 80% for non-ruminants and 
calculated on a dry matter basis, is from organic sources produced in compliance with these Guidelines. 

15. Notwithstanding the above, where an operator can demonstrate to the satisfaction of the official or officially 
recognized inspection/certification body that feedstuffs satisfying the requirement outlined in paragraph 13 
above are not available, as a result of, for example, unforeseen severe natural or manmade events or extreme 
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climatic weather conditions, the inspection/certification body may allow a restricted percentage of feedstuffs 
not produced according to these guidelines to be fed for a limited time, providing it does not contain genetically 
engineered/modified organisms or products thereof. The competent authority shall set both the maximum 
percentage of non-organic feed allowed and any conditions relating to this derogation. 

16. Specific livestock rations should take into account: 
– the need of young mammals for natural, preferably maternal, milk; 
– that a substantial proportion of dry matter in the daily rations of herbivores needs to consist of roughage, 

fresh or dried fodder, or silage; 
– that polygastric animals should be not fed silage exclusively; 
– the need for cereals in the fattening phase of poultry; 
– the need for roughage, fresh or dried fodder or silage in the daily ration for pigs and poultry. 

17. All livestock must have ample access to fresh water to maintain the full health and vigour of the livestock. 

18. If substances are used as feedstuffs, nutritional elements, feed additives or processing aids in the preparation 
of feedstuffs, the competent authority shall establish a positive list/s of substances in compliance with the 
following criteria: 

 General criteria 
a) substances are permitted according to national legislation on animal feeding;  
b) substances are necessary/essential to maintain animal health, animal welfare and vitality; and 
c) such substances: 

 contribute to an appropriate diet fulfilling the physiological and behavioural needs of the species 
concerned; and 

 do not contain genetically engineered/modified organisms and products thereof; and 
 are primarily of plant, mineral or animal origin. 

 Specific criteria for feedstuffs and nutritional elements 
a) feedstuffs of plant origin from non-organic sources can only be used, under the conditions of paragraphs 

14 and 15, if they are produced or prepared without the use of chemical solvents or chemical treatment; 
b) feedstuffs of mineral origin, trace elements, vitamins, or provitamins can only be used if they are of natural 

origin. In case of shortage of these substances, or in exceptional circumstances, chemically well-defined 
analogic substances may be used; 

c) feedstuffs of animal origin, with the exception of milk and milk products, fish, other marine animals and 
products derived therefrom should generally not be used or, as provided by national legislation. In any 
case, the feeding of mammalian material to ruminants is not permitted with the exception of milk and milk 
products; 

d) synthetic nitrogen or non-protein nitrogen compounds shall not be used. 
 Specific criteria for additives and processing aids 

a) binders, anti-caking agents, emulsifiers, stabilizers, thickeners, surfactants, coagulants: only natural 
sources are allowed; 

b) antioxidants: only natural sources are allowed; 
c) preservatives: only natural acids are allowed; 
d) colouring agents (including pigments), flavours and appetite stimulants: only natural sources are allowed; 
e) probiotics, enzymes and micro-organisms are allowed; 
 
f) antibiotics, coccidiostatics, medicinal substances, growth promoters or any other substance intended to 

stimulate growth or production shall not be used in animal feeding. 

19. Silage additives and processing aids may not be derived from genetically engineered/modified organisms or 
products thereof, and may be comprised of only: 
– sea salt; 
– coarse rock salt; 
– yeasts; 
– enzymes; 
– whey; 
– sugar; or sugar products such as molasses; 
– honey; 
– lactic, acetic, formic and propionic bacteria, or their natural acid product when the weather conditions do 

not allow for adequate fermentation, and with approval of the competent authority. 
 

 Health care 
20. Disease prevention in organic livestock production shall be based on the following principles: 
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a) the choice of appropriate breeds or strains of animals as detailed in paragraph 6 above; 
b) the application of animal husbandry practices appropriate to the requirements of each species, 

encouraging strong resistance to disease and the prevention of infections; 
c) the use of good quality organic feed, together with regular exercise and access to pasture and/or open-air 

runs, having the effect of encouraging the natural immunological defence of the animal; 
d) ensuring an appropriate density of livestock, thus avoiding overstocking and any resulting animal health 

problems. 

21. If, despite the above preventative measures, an animal becomes sick or injured it must be treated 
immediately, if necessary in isolation and in suitable housing. Producers should not withhold medication where 
it will result in unnecessary suffering of the livestock, even if the use of such medication will cause the animal 
to lose its organic status. 

22. The use of veterinary medicinal products in organic farming shall comply with the following principles: 
a) where specific disease or health problems occur, or may occur, and no alternative permitted treatment or 

management practice exists, or, in cases required by law, vaccination of livestock, the use of 
parasiticides, or therapeutic use of veterinary drugs are permitted; 

 
b) phytotherapeutic (excluding antibiotics), homeopathic or ayurvedic products and trace elements shall be 

used in preference to chemical allopathic veterinary drugs or antibiotics, provided that their therapeutic 
effect is effective for the species of animal and the condition for which the treatment is intended; 

c) if the use of the above products is unlikely to be effective in combating illness or injury, chemical 
allopathic veterinary drugs or antibiotics may be used under the responsibility of a veterinarian; 
withholding periods should be the double of that required by legislation with, in any case, a minimum of 48 
hours; 

d) the use of chemical allopathic veterinary drugs or antibiotics for preventative treatments is prohibited. 

23. Hormonal treatment may only be used for therapeutic reasons and under veterinary supervision. 

24. Growth stimulants or substances used for the purpose of stimulating growth or production are not permitted.  
 
 Livestock husbandry, transport and slaughter 
25. Maintenance of livestock should be guided by an attitude of care, responsibility and respect for living 

creatures.  

26. Breeding methods should be in compliance with the principles of organic farming taking into account: 
a) the breeds and strains suitable for raising under local conditions and under an organic system; 
b) the preference for reproduction through natural methods, although artificial insemination may be used;  
c) that embryo transfer techniques and the use of hormonal reproductive treatment shall not be used; 
d) that breeding techniques employing genetic engineering must not be used. 

27. Operations such as attaching elastic bands to the tails of sheep, tail-docking, cutting of teeth, trimming of 
beaks and dehorning are generally not allowed in the organic management system. Some of these operations 
may, however, be authorized in exceptional circumstances by the competent authority or its delegate, for 
reasons of safety (e.g. dehorning in young animals) or if they are intended to improve the health and welfare of 
the livestock. Such operations must be carried out at the most appropriate age and any suffering to the 
animals must be reduced to a minimum. Anaesthetic should be used where appropriate. Physical castration is 
allowed in order to maintain the quality of products and traditional production practices (meat-type pigs, 
bullocks, capons, etc) but only under these conditions. 

28. The living conditions and the management of the environment should take into account the specific 
behavioural needs of the livestock and provide for: 
– sufficient free movement and opportunity to express normal patterns of behaviour; 
– company of other animals, particularly of like kind;  
– the prevention of abnormal behaviour, injury and disease; 
– arrangements to cover emergencies such as the outbreaks of fire, the breakdown of essential mechanical 

services and the disruption of supplies.  

29. The transport of living stock should be managed in a calm and gentle way and in a manner which avoids 
stress, injury and suffering: the competent authority should establish specific conditions in order to meet these 
objectives and may establish maximum transport periods. In transporting livestock, the use of electric 
stimulation or allopathic tranquilizers is not permitted. 
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30. The slaughter of livestock should be undertaken in a manner which minimizes stress and suffering, and in 

accordance with national rules. 
 
 Housing and free-range conditions 
31. Housing for livestock will not be mandatory in areas with appropriate climatic conditions to enable animals to 

live outdoors. 

32. Housing conditions should meet the biological and behavioural needs of the livestock by providing: 
– easy access to feeding and watering; 
– insulation, heating, cooling and ventilation of the building to ensure that air circulation, dust level, 

temperature, relative air humidity and gas concentration are kept within limits which are not harmful to the 
livestock;  

– plentiful natural ventilation and light to enter. 

33. Livestock may be temporarily confined during periods of inclement weather, when their health, safety or well 
being could be jeopardized, or to protect plant, soil and water quality. 

34. The stocking density in buildings should: 
– provide for the comfort and well being of the livestock having regard for the species, the breed and the 

age of the livestock; 
– take into account the behavioural needs of the livestock with respect to the size of the group and the sex 

of the livestock; 
– provide them with sufficient space to stand naturally, lie down easily, turn round, groom themselves, and 

assume all natural postures and movements such as stretching and wing flapping.  

35. Housing, pens, equipment and utensils should be properly cleaned and disinfected to prevent cross infection 
and the build-up of disease carrying organisms. 

36. Free-range, open-air exercise areas, or open-air runs should, if necessary, provide sufficient protection 
against rain, wind, sun and extreme temperatures, depending on the local weather conditions and the breed 
concerned. 

37. The outdoor stocking density of livestock kept on pasture, grassland, or other natural or semi-natural habitats, 
must be low enough to prevent degradation of the soil and over-grazing of vegetation. 

 Mammals 
38. All mammals must have access to pasture or an open-air exercise area or run which may be partially covered, 

and they must be able to use those areas whenever the physiological condition of the animal, the weather 
conditions and the state of the ground permit. 

39. The competent authority may grant exceptions for : 
– the access of bulls to pasture or, in case of cows to an open-air exercise area or run during the winter 

period; 
– the final fattening phase. 

40. Livestock housing must have smooth, but not slippery floors. The floor must not be entirely of slatted or grid 
construction. 

41. The housing must be provided with a comfortable, clean and dry laying/rest area of sufficient size, consisting 
of a solid construction. Ample dry bedding strewn with litter material must be provided in the rest area. 

42. The housing of calves in individual boxes and the tethering of livestock are not permitted without the approval 
of the competent authority. 

43. Sows must be kept in groups, except in the last stages of pregnancy and during the suckling period. Piglets 
may not be kept on flat decks or in piglet cages. Exercise areas must permit dunging and rooting by the 
animals. 

44. The keeping of rabbits in cages is not permitted. 
 Poultry 
45. Poultry must be reared in open-range conditions and have free access to open-air run whenever the weather 

conditions permit. The keeping of poultry in cages is not permitted. 

46. Water fowl must have access to a stream, pond or lake whenever the weather conditions permit. 
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47. Housing for all poultry should provide an area of solid construction covered with litter material such as straw, 

wood shavings, sand or turf. A sufficiently large part of the floor area must be available to laying hens for the 
collection of droppings, Perches/higher sleeping areas of a size and number commensurate with the species 
and size of the group and of the birds and exit/entry holes of an adequate size must be provided. 

48. In the case of laying hens, when natural day length is prolonged by artificial light, the competent authority shall 
prescribe maximum hours respective to species, geographical considerations and general health of the 
animals.  

49. For health reasons, between each batch of poultry reared buildings should be emptied, and runs left empty to 
allow the vegetation to grow back. 

 
 Manure management 
50. Manure management practices used to maintain any area in which livestock are housed, penned or pastured 

should be implemented in a manner that: 
a) minimizes soil and water degradation; 
b) does not significantly contribute to contamination of water by nitrates and pathogenic bacteria; 
c) optimizes recycling of nutrients; and 
d) does not include burning or any practice inconsistent with organic practices. 

51. All manure storage and handling facilities, including composting facilities should be designed, constructed and 
operated to prevent contamination of ground and/or surface water. 

52. Manure application rates should be at levels that do not contribute to ground and/or surface water 
contamination. The competent authority may establish maximum application rates for manure or stocking 
densities. The timing of application and application methods should not increase the potential for run-off into 
ponds, rivers and streams. 

 
 Record keeping and identification 
53. The operator should maintain detailed and up-to-date records as set out in Annex 3, paras 7–15.  

 
 Species specific requirements 
 Beekeeping and bee products 
 General principles 
54. Bee keeping is an important activity that contributes to the enhancement of the environment, agriculture and 

forestry production through the pollination action of bees. 

55. The treatment and management of hives should respect the principles of organic farming. 

56. Collection areas must be large enough to provide adequate and sufficient nutrition and access to water.  

57. The sources of natural nectar, honeydew and pollen shall consist essentially of organically produced plants 
and/or spontaneous (wild) vegetation. 

58. The health of bees should be based on prevention such as adequate selection of breeds, favourable 
environment, balanced diet and appropriate husbandry practices. 

59. The hives shall consist basically of natural materials presenting no risk of contamination to the environment or 
the bee products. 

60. When bees are placed in wild areas, consideration should be given to the indigenous insect population. 
 Siting of hives 
61. Hives for beekeeping shall be placed in areas where cultivated and/or spontaneous vegetation comply with the 

rules of production as set out in Section 4 of these Guidelines.  

62. The official certification body or authority shall approve the areas which ensure appropriate sources of 
honeydew, nectar and pollen based on information provided by the operators and/or through the process of 
inspection. 

63. The official certification body or authority may designate a specific radius from the hive within which the bees 
have access to adequate and sufficient nutrition that meets the requirements of these Guidelines.  
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64. The certification body or authority must identify zones where hives, that meet these requirements, should not be 

placed due to potential sources of contamination with prohibited substances, genetically modified organisms or 
environmental contaminants.  

 Feed 
65. At the end of the production season hives must be left with reserves of honey and pollen sufficiently abundant 

for the colony to survive the dormancy period. 

66. The feeding of colonies can be undertaken to overcome temporary feed shortages due to climatic or other 
exceptional circumstances. In such cases, organically produced honey or sugars should be used if available. 
However the certification body or authority may permit the use of non-organically produced honey or sugars. 
Time-limits should be set for such derogations. Feeding should be carried out only between the last honey 
harvest and the start of the next nectar or honeydew flow period.  

 Conversion period 
67. Bee products can be sold as organically produced when these Guidelines have been complied with for at least 

one year. During the conversion period the wax must be replaced by organically produced wax. In cases 
where all the wax cannot be replaced during a one-year period, the certification body or authority may extend 
the conversion period. By way of derogation when organically produced beeswax is not available, wax from 
sources not complying with these Guidelines may be authorized by the certification body or authority, provided 
it comes from the cap or from areas where no prohibited materials have been used.   

68. Where no prohibited products have been previously used in the hive, replacement of wax is not necessary. 
 Origin of bees 
69. Bee colonies can be converted to organic production. Introduced bees should come from organic production 

units when available. 

70. In the choice of breeds, account must be taken of the capacity of bees to adapt to local conditions, their vitality 
and their resistance to disease.  

 Health of the bees 
71. The health of bee colonies should be maintained by good agricultural practice, with emphasis on disease 

prevention through breed selection and hive management. This includes:  
a) the use of hardy breeds that adapt well to the local conditions; 
b) renewal of queen bees if necessary; 
c) regular cleaning and disinfecting of equipment; 
d) regular renewal of beeswax;  
e) availability in hives of sufficient pollen and honey; 
f) systematic inspection of hives to detect any anomalies; 
g) systematic control of male broods in the hive; 
h) moving diseased hives to isolated areas, if necessary; or 
i) destruction of contaminated hives and materials. 

72. For pest and disease control the following are allowed: 
– lactic, oxalic, acetic acid 
– formic acid 
– sulphur 
– natural etheric oils (e.g. menthol, eucalyptol, camphor) 
– Bacillus thuringiensis 
– steam and direct flame.  

73. Where preventative measures fail, veterinary medicinal products may be used provided that: 
a) preference is given to phytotherapeutic and homeopathic treatment, and 
b) if allopathic chemically synthesized medicinal products are used, the bee products must not be sold as 

organic. Treated hives must be placed in isolation and undergo a conversion period of one year. All the 
wax must be replaced with wax which is in accordance with these Guidelines, and 

c) every veterinary treatment must be clearly documented. 

74. The practice of destroying the male brood is permitted only to contain infestation with Varroa jacobsoni. 
 Management 
75. The foundation comb shall be made from organically produced wax. 

76. The destruction of bees in the combs as a method of harvesting of bee products is prohibited. 

77. Mutilations, such as clipping of the wings of queen bees, are prohibited. 
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78. The use of chemical synthetic repellents is prohibited during honey extraction operations. 

79. Smoking should be kept to a minimum. Acceptable smoking materials should be natural or from materials that 
meet the requirements of these Guidelines.  

80. It is recommended that temperatures are maintained as low as possible during the extraction and processing 
of products derived from beekeeping.  

 Record keeping 
81. The operator should maintain detailed and up-to-date records as set out in Annex 3, paragraph 7. Maps 

should be maintained depicting the location of all hives. 

C. HANDLING, STORAGE, TRANSPORTATION, PROCESSING AND PACKAGING  
82. The integrity of the organic product must be maintained throughout the processing phase. This is achieved by 
the use of techniques appropriate to the specifics of the ingredients with careful processing methods limiting refining and 
the use of additives and processing aids. Ionizing radiation should not be used on organic products for the purpose of 
pest control, food preservation, elimination of pathogens or sanitation. Ethylene may be used for ripening of kiwifruit and 
bananas. 

 Pest management 
83. For pest management and control the following measures, in order of preference, should be used: 

a) Preventative methods, such as disruption and elimination of habitat and access to facilities by pest 
organisms, should be the primary methodology of pest management; 

b) If preventative methods are inadequate, the first choice for pest control should be mechanical/physical 
and biological methods; 

c) If mechanical/physical and biological methods are inadequate for pest control, pesticidal substances 
appearing in Annex 2 table 2 (or other substances allowed for use by a competent authority in accordance 
with Section 5.2) may be used provided that they are accepted for use in handling, storage, transportation 
or processing facilities by the competent authority and so that contact with organic products is prevented. 

84. Pests should be avoided by good manufacturing practice. Pest control measures within storage areas or 
transport containers may include physical barriers or other treatments such as sound, ultra-sound, light, ultra-
violet light, traps (pheromone traps and static  

 bait traps) controlled temperature, controlled atmosphere (carbon dioxide, oxygen, nitrogen), and 
diatomaceous earth. 

85. Use of pesticides not listed in Annex 2 for post harvest or quarantine purposes should not be permitted on 
products prepared in accordance with these guidelines and would cause organically produced foods to lose 
their organic status.  

 
 Processing and manufacturing 

86. Processing methods should be mechanical, physical or biological (such as fermentation and smoking) and 
minimize the use of non-agricultural ingredients and additives as listed in Annex 2, Tables 3 and 4. 

 
 Packaging 

87. Packaging materials should preferably be chosen from bio-degradable, recycled or recyclable sources. 
 

 Storage and transport 
88. Product integrity should be maintained during any storage and transportation and handling by use of the 

following precautions: 
a) Organic products must be protected at all times from co-mingling with non-organic products; and 
b) Organic products must be protected at all times from contact with materials and substances not permitted 

for use in organic farming and handling. 

89. Where only part of the unit is certified, other product not covered by these guidelines should be stored and 
handled separately and both types of products should be clearly identified. 

90. Bulk stores for organic product should be separate from conventional product stores and clearly labelled to 
that effect. 

91. Storage areas and transport containers for organic product should be cleaned using methods and materials 
permitted in organic production. Measures should be taken to prevent possible contamination from any 
pesticide or other treatment not listed in Annex 2 before using a storage area or container that is not dedicated 
solely to organic products. 
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ANNEX 2 

ANNEX 2 

PERMITTED SUBSTANCES FOR THE PRODUCTION OF ORGANIC FOODS 

PRECAUTIONS 

1. Any substances used in an organic system for soil fertilization and conditioning, pest and disease control, for 
the health of livestock and quality of the animal products, or for preparation, preservation and storage of the 
food product should comply with the relevant national regulations. 

2. Conditions for use of certain substances contained in the following lists may be specified by the certification 
body or authority, e.g. volume, frequency of application, specific purpose, etc. 

3. Where substances are required for primary production they should be used with care and with the knowledge 
that even permitted substances may be subject to misuse and may alter the ecosystem of the soil or farm. 

4. The following lists do not attempt to be all inclusive or exclusive, or a finite regulatory tool but rather provide 
advice to governments on internationally agreed inputs. A system of review criteria as detailed in Section 5 of 
these Guidelines for products to be considered by national governments should be the primary determinant for 
acceptability or rejection of substances. 

 

TABLE 1 
SUBSTANCES FOR USE IN SOIL FERTILIZING AND CONDITIONING 

Substances Description; compositional requirements; conditions of use 

Farmyard and poultry manure Need recognized by certification body or authority if not sourced from organic production systems. 
“Factory” farming20 sources not permitted. 

Slurry or urine If not from organic sources, need recognized by inspection body. Preferably after controlled 
fermentation and/or appropriate dilution. “Factory” farming sources not permitted. 

Composted animal excrements, including poultry Need recognized by the certification body or authority 

Manure and composted farmyard manure “Factory” farming sources not permitted. 

Dried farmyard manure and dehydrated poultry 
manure 

Need recognized by the certification body or authority. “Factory” farming sources not permitted. 

Guano Need recognized by the certification body or authority. 

Straw Need recognized by the certification body or authority. 

Compost and spent mushroom and Vermiculite 
substrate 

Need recognized by the certification body or authority. The initial composition of the substrate must 
be limited to the products on this list 

Sorted, composted or fermented home refuse Need recognized by the certification body or authority. 

Compost from plant residues  

Processed animal products from slaughterhouses & 
fish industries 

Need recognized by the certification body or authority. 

By-products of food & textile industries not treated 
with synthetic additives. 

Need recognized by the certification body or authority. 

Seaweeds and seaweed products Need recognized by the certification body or authority. 

Sawdust, bark and wood waste Need recognized by the certification body or authority, wood not chemically treated after felling. 

Wood ash and wood charcoal Need recognized by the certification body or authority, from wood not chemically treated after felling. 
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Substances Description; compositional requirements; conditions of use 

Natural phosphate rock. Need recognized by the certification body or authority. Cadmium should not exceed 90mg/kg P205

Basic slag Need recognized by the certification body or authority. 

Rock potash, mined potassium salts  
(e.g. kainite, sylvinite) 

Less than 60% chlorine 

Sulphate of potash (e.g. patenkali) Obtained by physical procedures but not enriched by chemical processes to increase its solubility. 
Need recognized by the certification body or authority. 

Calcium carbonate of natural origin (e.g. chalk, 
marl, maerl, limestone, phosphate chalk)  

Magnesium rock  

Calcareous magnesium rock  

Epsom salt (magnesium-sulphate)  

Gypsum (calcium sulphate) Only from natural sources/origin. 

Stillage and stillage extract Ammonium stillage excluded 

Sodium chloride Only mined salt 

Aluminium calcium phosphate Cadmium should not exceed 90mg/kg P205

Trace elements ( e.g. boron, copper, iron, 
manganese, molybdenum, zinc) 

Need recognized by the certification body or authority. 

Sulphur Need recognized by the certification body or authority. 

Stone meal  

Clay (e.g. bentonite, perlite, zeolite)  

Naturally occurring biological organisms  
(e.g. worms)  

Vermiculite  

Peat Excluding synthetic additives; permitted for seed, potting module composts. Other use as recognized 
by certification body or authority. Not permitted as a soil conditioner. 

Humus from earthworms and insects  

Chloride of lime Need recognized by the certification body or authority. 

Human excrements 
 

Need recognized by the certification body or authority. The source is separated from household and 
industrial wastes that pose a risk of chemical contamination. It is treated sufficiently to eliminate risks 
from pests, parasites, pathogenic micro-organisms, and is not applied to crops intended for human 
consumption or to the edible parts of plants. 

By-products of the sugar industry (e.g. Vinasse) Need recognized by the certification body or authority. 

By-products from oil palm, coconut and cocoa 
(including empty fruit bunch, palm oil mill effluent 
(pome), cocoa peat and empty cocoa pods) 

Need recognized by the certification body or authority. 

By-products of industries processing ingredients 
from organic agriculture 

Need recognized by the certification body or authority. 

Calcium chloride solution Leaf treatment in case of proven calcium deficiency. 
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TABLE 2 
SUBSTANCES FOR PLANT PEST AND DISEASE CONTROL 

Substance Description; compositional requirements; conditions for use 

I. PLANT AND ANIMAL  

Preparations on basis of pyrethrins extracted from 
Chrysanthemum cinerariaefolium, containing possibly a 
synergist 

Need recognized by the certification body or authority. Exclusion of Piperonyl butoxide 
after 2005 as a synergist. 

Preparations of Rotenone from Derris elliptica, Lonchocarpus, 
Thephrosia spp. 

Need recognized by the certification body or authority. The substance should be used in 
such a way as to prevent its flowing into waterways. 

 

Preparations from Quassia amara Need recognized by the certification body or authority. 

Preparations from Ryania speciosa Need recognized by the certification body or authority. 

Commercial preparations/ products of Neem (Azadirachtin) 
from Azadirachta indica 

Need recognized by the certification body or authority. 

Propolis Need recognized by the certification body or authority. 

Plant and animal oils  

Seaweed, seaweed meal, seaweed extracts, sea salts and 
salty water 

Need recognized by the certification body or authority. Not chemically treated. 

Gelatine  

Lecithin Need recognized by the certification body or authority. 

Casein  

Natural acids (e.g. vinegar) Need recognized by the certification body or authority. 

Fermented product from Aspergillus  

Extract from mushroom (Shiitake fungus) Need recognized by certification body or authority 

Extract from Chlorella  

Chitin nematicides Natural origin 

Natural plant preparations, excluding tobacco Need recognized by certification body or authority. 

Tobacco tea (except pure nicotine) Need recognized by certification body or authority. 

Sabadilla  

Beeswax  

II. MINERAL  

Copper in the form of copper hydroxide, copper oxychloride, 
(tribasic) copper sulphate, cuprous oxide, Bordeaux mixture 
and Burgundy mixture 

Need, prescription and application rates recognized by certification body or authority. As a 
fungicide on condition that the substance be used in such a way as to minimize copper 
accumulation in the soil. 

Sulphur Need recognized by certification body or authority. 

Mineral powders (stone meal, silicates)  

Diatomaceous earth Need recognized by certification body or authority. 
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Substance Description; compositional requirements; conditions for use 

Silicates, clay (bentonite)  

Sodium silicate  

Sodium bicarbonate  

Potassium permanganate Need recognized by certification body or authority. 

Iron phosphates As molluscicide. 

Paraffin oil Need recognized by certification body or authority. 

III. MICRO-ORGANISMS USED FOR BIOLOGICAL PEST CONTROLS 

Micro-organisms (bacteria, viruses, fungi) e.g. Bacillus 
thuringiensis, Granulosis virus,etc. 

Need recognized by certification body or authority. 

IV. OTHER  

Carbon dioxide and nitrogen gas Need recognized by certification body or authority. 

Potassium soap (soft soap)  

Ethyl alcohol Need recognized by certification body or authority. 

Homeopathic and Ayurvedic preparations  

Herbal and biodynamic preparations  

Sterilized insect males Need recognized by certification body or authority. 

Rodenticides Products for pest control in livestock buildings and installations. Need recognized by 
certification body or authority. 

V. TRAPS  

Pheromone preparations  

Preparations on the basis of metaldehyde containing a 
repellent to higher animal species and as far as applied in 
traps. 

Need recognized by certification body or authority. 

Mineral oils Need recognized by the certification body or authority. 

Mechanical control devices such as e.g., crop protection nets, 
spiral barriers, glue-coated plastic traps, sticky bands.  
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TABLE 3 
INGREDIENTS OF NON-AGRICULTURAL ORIGIN REFERRED TO IN SECTION 3  
OF THESE GUIDELINES 

3.1 Additives permitted for use under specified conditions in certain organic food categories or 
individual food items 
The following table provides a list of those food additives including carriers which are allowed for use in 
organic food production. The functional uses and food categories and individual food items for each food 
additive in the following table are governed by the provisions in Tables 1–3 of the General Standard for Food 
Additives and other standards which have been adopted by the Codex Alimentarius Commission.  

The table is an indicative list for the purpose of processing organic food only. Countries may develop a list 
of substances for national purposes that satisfy the requirements as recommended in Section 5.2 of these 
Guidelines. 

Food additives in this Table can be used to perform the function indicated in the specified food products.  
 
 

Permitted for use in food categories INS  
no. 

Additive name Functional use 
allowed in 

organic 
production 

Food of plant origin Food of animal origin 

170i Calcium Carbonate All Permitted, although exclusions of the GSFA 
still apply. 

01.0  Dairy products and analogues, excluding products 
of food category 02.0 

220 Sulphur Dioxide All 14.2.2  Cider and perry14.2.3  Grape 
wines14.2.4  Wines (other than grapes)

 14.2.5  Mead 

270 Lactic Acid  
(L- D- and DL-) 

All 04.2.2.7  Fermented vegetable (including 
mushrooms and fungi, roots and tubers, 
pulses and legumes and aloe vera), and 
seaweed products, excluding fermented 
soybean products of food category 12.10 

01.0  Dairy products and analogues, excluding products 
of food category 02.008.4  Edible casings (e.g. sausage 
casings) 

290 Carbon Dioxide All Permitted, although exclusions of the GSFA 
still apply. 

Permitted, although exclusions of the GSFA still apply. 

296 Malic Acid (DL-) All Permitted, although exclusions of the GSFA 
still apply. 

Not permitted. 

300 Ascorbic Acid All Provided insufficient natural sources are 
available.Permitted, although exclusions of 
the GSFA still apply. 

Provided insufficient natural sources are available.08.2  
Processed meat, poultry, and game products in whole 
pieces or cuts08.3  Processed comminuted meat, 
poultry, and game products08.4  Edible casings (e.g., 
sausage casings) 

307 Tocopherols  
(mixed natural 
concentrates) 

All Permitted, although exclusions of the GSFA 
still apply. 

All mixed products allowed under the General Standard 
for Food Additives and Standards adopted by the 
Codex Alimentarius Commission 

322 Lecithins 
(obtained without 
bleaches and organic 
solvents.) 

All Permitted, although exclusions of the GSFA 
still apply. 

01.0  Dairy products and analogues, excluding products 
of food category 02.002.0  Fats and oils, and fat 
emulsions12.6.1  Emulsified sauces (e.g. mayonnaise, 
salad dressing)13.1  Infant formulae and follow-on 
formulae13.2  Complementary foods for infants and 
young children  

327 Calcium Lactate All Not permitted. 01.0 Dairy products and analogues, excluding products 
of food category 02.0 

330 Citric Acid All 04.0  Fruits and vegetables (including 
mushrooms and fungi, roots and tubers, 
pulses and legumes, and aloe vera), 
seaweeds, and nuts and seeds 

As a coagulation agent for specific cheese products 
and for cooked eggs01.6  Cheese and analogues02.1  
Fats and oils essentially free from water 10.0  Egg and 
egg products 

331i Sodium Dihydrogen 
Citrate 

All Not permitted. 01.1.1.2  Butter milk (plain) (Stabilizer only) 01.1.2  
Dairy-based drinks, flavoured and/or fermented (e.g., 
chocolate milk, cocoa, eggnog, drinking yoghurt, whey-
based drinks)01.2.1.2  Fermented milks (plain), heat-
treated after fermentation (Stabilizer only)01.2.2  
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Permitted for use in food categories INS  
no. 

Additive name Functional use 
allowed in 

organic 
production 

Food of plant origin Food of animal origin 

Renneted milk (Stabilizer only) 01.3  Condensed milk 
and analogues (plain) (Stabilizer only)01.4  Cream 
(plain) and the like (Stabilizer only)01.5.1  Milk powder 
and cream powder (plain) (Stabilizer only)01.6.1  
Unripened cheese (Stabilizer only)01.6.4  Processed 
cheese (Emulsifier only)01.8.2  Dried whey and whey 
products, excluding whey cheeses08.3  Processed 
comminuted meat, poultry, and game products, 
restricted to sausagesTo be used in pasteurization of 
egg whites only in the following:10.2  Egg Products 

332i Potassium Dihydrogen 
Citrate 

All Not permitted. Permitted, although exclusions of the GSFA still apply. 

333 Calcium Citrates All Permitted, although exclusions of the GSFA 
still apply. 

01.0  Dairy products and analogues, excluding products 
of food category 02.0 

334 Tartaric Acid All Permitted, although exclusions of the GSFA 
still apply. 

Not permitted. 

335i 
335ii 

Monosodium 
TartrateDisodium 
Tartrate 

All  05.0  Confectionery07.2.1  Cakes Not permitted. 

336i 
336ii 

Monopotassium 
TartrateDipotassium 
Tartrate 

All 05.0  Confectionery06.2  Flours and 
starches 07.2.1  Cakes 

Not permitted. 

341i Monocalcium 
Orthophosphate 

All 06.2.1  Flours Not permitted. 

400 Alginic Acid All Permitted, although exclusions of the GSFA 
still apply. 

01.0  Dairy products and analogues, excluding products 
of food category 02.0 

401 Sodium Alginate All Permitted, although exclusions of the GSFA 
still apply. 

01.0  Dairy products and analogues, excluding products of 
food category 02.0 All mixed products allowed under the 
General Standard for Food Additives and Standards 
adopted by the Codex Alimentarius Commission 

402 Potassium Alginate All Permitted, although exclusions of the GSFA 
still apply. 

01.0  Dairy products and analogues, excluding products 
of food category 02.0 All mixed products allowed under 
the General Standard for Food Additives and Standards 
adopted by the Codex Alimentarius Commission 

406 Agar All Permitted, although exclusions of the GSFA 
still apply. 

Permitted, although exclusions of the GSFA still apply. 

407 Carrageenan  All Permitted, although exclusions of the GSFA 
still apply. 

01.0  Dairy products and analogues, excluding products 
of food category 02.0 

410 Carob Bean Gum All Permitted, although exclusions of the GSFA 
still apply 

01.1  Milk and dairy-based drinks01.2  Fermented and 
renneted milk products (plain), excluding food category 
01.1.2 (dairy-based drinks) 01.3  Condensed milk and 
analogues (plain)01.4  Cream (plain) and the like01.5  
Milk powder and cream powder and powder analogues 
(plain) 

410 Carob Bean 
Gum(cont’d) 

All Permitted, although exclusions of the GSFA 
still apply. 

01.6  Cheese and analogues01.7  Dairy-based desserts 
(e.g. pudding, fruit or flavoured yoghurt)01.8.1  Liquid 
whey and whey products, excluding whey 
cheeses08.1.2  Fresh meat, poultry and game, 
comminuted 08.2  Processed meat, poultry, game 
products in whole pieces or cuts08.3  Processed 
comminuted meat, poultry, and game products08.4  
Edible casings (e.g. sausage casings) 
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Permitted for use in food categories INS  
no. 

Additive name Functional use 
allowed in 

organic 
production 

Food of plant origin Food of animal origin 

412 Guar Gum All Permitted, although exclusions of the GSFA 
still apply. 

01.0  Dairy products and analogues, excluding products 
of food category 02.08.2.2  Heat-treated processed 
meat, poultry, and game products in whole pieces or 
cuts8.3.2  Heat-treated processed comminuted meat, 
poultry, and game products10.2  Egg products  

413 Tragacanth Gum All Permitted, although exclusions of the GSFA 
still apply. 

Permitted, although exclusions of the GSFA still apply. 

414 Gum Arabic All 02.0  Fats and oils, and fat emulsions05.0  
Confectionery 

01.0  Dairy products and analogues, excluding products 
of food category 02.002.0  Fats and oils, and fat 
emulsions05.0  Confectionery 

415 Xanthan Gum All 02.0  Fats and oils, and fat emulsions04.0  
Fruits and vegetables (including 
mushrooms and fungi, roots and tubers, 
pulses and legumes, and aloe vera), 
seaweeds, and nuts and seeds07.0  Bakery 
wares12.7  Salads (e.g. macaroni salad, 
potato salad) 

Not permitted. 

416 Karaya Gum All Permitted, although exclusions of the GSFA 
still apply. 

Not permitted. 

422 Glycerol All Obtained from plant origin; used as a carrier 
for plant extracts04.1.1.1  Untreated fresh 
fruit04.1.1.2  Surface-treated fresh 
fruit04.1.2  Processed fruit04.2.1.2  
Surface-treated fresh vegetables, (including 
mushrooms and fungi, roots and tubers, 
pulses and legumes, and aloe vera), 
seaweeds and nuts and seeds04.2.2.2  
Dried vegetables, (including mushrooms 
and fungi, roots and tubers, pulses and 
legumes, and aloe vera), seaweeds, and 
nuts and seeds04.2.2.3  Vegetables 
(including mushrooms and fungi, roots and 
tubers, pulses and legumes, and aloe vera), 
and seaweeds in vinegar, oil, brine, or soy 
sauce04.2.2.4  Canned or bottled 
(pasteurized) or retort pouch vegetables 
(includingmushrooms and fungi, roots and 
tubers, pulses and legumes, and aloe vera), 
and seaweeds04.2.2.5  Vegetable, 
(including mushrooms and fungi, roots and 
tubers, pulses and legumes, and aloe vera), 
seaweed, and nut and seed purees and 
spreads (e.g., peanut butter)04.2.2.6  
Vegetable, (including mushrooms and fungi, 
roots and tubers, pulses and legumes, and 
aloe vera), seaweed, and nut and seed 
pulps and preparations (e.g., vegetable 
desserts and sauces, candied vegetables) 
other than food category 04.2.2.504.2.2.7  
Fermented vegetable (including mushrooms 
and fungi, roots and tubers, pulses and 
legumes, and aloe vera) and seaweed 
products, excluding fermented soybean 
products of food category 12.1012.2  Herbs, 
spices, seasonings, and condiments (e.g., 
seasoning for instant noodles) 

Not permitted. 

440 Pectins  
(non-amidated) 

All Permitted, although exclusions of the GSFA 
still apply. 

01.0  Dairy products and analogues, excluding products 
of food category 02.0  

500ii 
500iii 

Sodium hydrogen 
carbonateSodium 
Sesquicarbonate 

All 05.0  Confectionery07.0  Bakery Wares 01.0  Dairy products and analogues, excluding products 
of food category 02.0 

501i Potassium Carbonate  All 05.0  Confectionery06.0  Cereals and cereal 
products, derived from cereal grains, from 
roots and tubers, pulses and legumes, 
excluding bakery wares of food category 
07.007.2  Fine Bakery wares (sweet, salty, 
savoury) and mixes 

Not permitted. 
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Permitted for use in food categories INS  
no. 

Additive name Functional use 
allowed in 

organic 
production 

Food of plant origin Food of animal origin 

503i 
503ii 

Ammonium 
carbonateAmmonium 
Hydrogen Carbonate 

Acidity 
RegulatorRaising 

Agent 

Permitted, although exclusions of the GSFA 
still apply. 

Not permitted. 

504i5
04ii 

Magnesium 
CarbonateMagnesium 
Hydrogen Carbonate 

All Permitted, although exclusions of the GSFA 
still apply. 

Not permitted. 

508 Potassium Chloride All 04.0  Fruits and vegetables (including 
mushrooms and fungi, roots and tubers, 
pulses and legumes, and aloe vera), 
seaweeds, and nuts and seeds12.4  
Mustards12.6.2  Non-emulsified sauces (e.g. 
ketchup, cheese sauces, cream sauces, 
brown gravy) 

Not permitted. 

509 Calcium chloride  All 04.0  Fruits and vegetables (including 
mushrooms and fungi, roots and tubers, 
pulses and legumes, and aloe vera), 
seaweeds, and nuts and seeds06.8 Soybean 
products (excluding soybean products of food 
category 12.9 and fermented soybean 
products of food category 12.10)12.9.1  
Soybean protein products12.10  Fermented 
soybean products 

01.0  Dairy products and analogues, excluding products 
of food category 02.008.2  Processed meat, poultry, 
and game products in whole pieces or cuts08.3  
Processed comminuted meat, poultry and game 
products08.4  Edible casings (e.g. sausage casings) 

511 Magnesium chloride All 06.8  Soybean products (excluding soybean 
products of food category 12.9 and fermented 
soybean products of food category 
12.10)12.9.1  Soybean protein products12.10 
Fermented soybean products 

Not permitted. 

516 Calcium sulphate All 06.8 Soybean products (excluding soybean 
products of food category 12.9 and fermented 
soybean products of food category 
12.10)07.2.1  Cakes, cookies and pies (e.g. 
fruit-filled or custard type)12.8  Yeast and like 
products12.9.1  Soybean protein 
products12.10  Fermented soybean products

Not permitted. 

524 Sodium Hydroxide All 06.0  Cereals and cereal products, derived 
from cereal grains, from roots and tubers, 
pulses and legumes, excluding bakery wares 
of food category 07.007.1.1.1  yeast-leavened 
breads and specialty breads 

Not permitted. 

551 Silicon Dioxide 
(Amorphous)  

All 12.2  Herbs, spices, seasonings, and 
condiments (e.g. seasonings for instant 
noodles) 

Not permitted. 

941 Nitrogen All Permitted, although exclusions of the GSFA 
still apply 

Permitted, although exclusions of the GSFA still apply 

 
3.2 Flavourings 

Substances and products labelled as natural flavouring substances or natural flavouring preparations are 
defined in the General Requirements for Natural Flavourings (CAC/GL 29-1987). 
 

3.3 Water and salts 
Drinking water. 
Salts (with sodium chloride or potassium chloride as basic components generally used in food processing). 
 

3.4 Preparations of micro-organisms and enzymes 
Any preparation of micro-organisms and enzymes normally used in food processing, with the exception of 
micro-organisms genetically engineered/modified or enzymes derived from genetic engineering. 
 

3.5 Minerals (including trace elements), vitamins, essential fatty and amino acids, and other 
nitrogen compounds 
Only approved in so far as their use is legally required in the food products in which they are incorporated. 
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Table 4 
PROCESSING AIDS WHICH MAY BE USED FOR THE PREPARATION OF 
PRODUCTS OF AGRICULTURAL ORIGIN REFERRED TO IN SECTION 3 
OF THESE GUIDELINES 

 
Substance Specific conditions 

FOR PLANT PRODUCTS 

Water  

Calcium chloride coagulation agent 

Calcium carbonate  

Calcium hydroxide  

Calcium sulphate coagulation agent 

Magnesium chloride (or nigari) coagulation agent 

Potassium carbonate drying of grape raisins 

Carbon dioxide  

Nitrogen  

Ethanol solvent 

Tannic acid filtration aid 

Egg white albumin  

Casein  

Gelatine  

Isinglass  

Vegetable oils greasing or releasing agent 

Silicon dioxide as gel or collodial solution 

Activated carbon  

Talc  

Bentonite  

Kaolin  

Diatomaceous earth  

Perlite  

Hazelnut shells  

Beeswax releasing agent 
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Substance Specific conditions 

Carnauba wax releasing agent 

Sulphuric acid pH adjustment of extraction water in sugar production 

Sodium hydroxide pH adjustment in sugar production 

Tartaric acid and salts  

Sodium carbonate sugar production 

Preparations of bark components  

Potassium hydroxide pH adjustment for sugar processing 

Citric acid pH adjustment 

 

 Preparations of micro-organisms and enzymes  
Any preparations of micro-organisms and enzymes normally used as processing aids in food processing, with 
the exception of genetically engineered/modified organisms and enzymes derived from genetically 
engineered/modified organisms. 
 

 For livestock and bee products  
The following is a provisional list for the purposes of processing livestock and bee products only. Countries 
may develop a list of substances for national purposes that satisfy the requirements of these Guidelines as 
recommended in Section 5.2. 

 

INS Name Specific conditions 

 Calcium carbonates  

 Calcium chloride Firming, coagulation agent in cheese making. 

 Kaolin Extraction of propolis. 

 Lactic acid Milk products: coagulation agent, pH regulation of salt bath for cheese. 

 Sodium carbonate Milk products: neutralizing substance. 

 Water  
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ANNEX 3 

ANNEX 3 

MINIMUM INSPECTION REQUIREMENTS AND PRECAUTIONARY MEASURES 
UNDER THE INSPECTION OR CERTIFICATION SYSTEM 

1. Inspection measures are necessary across the whole of the food chain to verify product labelled according to 
Section 3 of these guidelines conforms to internationally agreed practices. The official or officially recognized 
certification body or authority and the competent authority should establish policies and procedures in 
accordance with these guidelines. 

2. Access by the inspection body to all written and/or documentary records and to the establishment under the 
inspection scheme is essential. The operator under an inspection should also give access to the competent or 
designated authority and provide any necessary information for third party audit purposes. 

A. PRODUCTION UNITS  

3. Production according to these guidelines should take place in a unit where the land parcels, production areas, 
farm buildings and storage facilities for crop and livestock are clearly separate from those of any other unit 
which does not produce according to these guidelines; preparation and/or packaging workshops may form part 
of the unit, where its activity is limited to preparation and packaging of its own agricultural produce. 

4. When the inspection arrangements are first implemented, the operator and the official or officially recognized 
certification body or authority should draw up and sign a document which includes: 
a) a full description of the unit and/or collection areas, showing the storage and production premises and 

land parcels and, where applicable, premises where certain preparation and/or packaging operations take 
place;  

b) and, in the case of collection of wild plants, the guarantees given by third parties, if appropriate, which the 
producer can provide to ensure that the provisions of Annex 1, para 10 are satisfied; 

c) all the practical measures to be taken at the level of the unit to ensure compliance with these guidelines; 
d) the date of the last application on the land parcels and/or collection areas concerned of products the use 

of which is not compatible with Section 4 of these guidelines; 
e) an undertaking by the operator to carry out operations in accordance with Sections 3 and 4 and to accept, 

in event of infringements, implementation of the measures as referred to in Section 6, paragraph 9 of 
these guidelines. 

5. Each year, before the date indicated by the certification body or authority, the operator should notify the official 
or officially recognized certification body or authority of its schedule of production of crop products and 
livestock, giving a breakdown by land parcel/herd, flock or hive. 

6. Written and/or documentary accounts should be kept which enable the official or officially recognized 
certification body or authority to trace the origin, nature and quantities of all raw materials bought, and the use 
of such materials; in addition, written and/or documentary accounts should be kept of the nature, quantities 
and consignees of all agricultural products sold. Quantities sold directly to the final consumer should 
preferably be accounted for on a daily basis. When the unit itself processes agricultural products, its accounts 
must contain the information required in B2, third dash point of this Annex. 

7. All livestock should be identified individually or, in the case of small mammals or poultry, by herd or flock or in 
the case of bees by hive. Written and/or documentary accounts should be kept to enable tracking of livestock 
and bee colonies within the system at all times and to provide adequate traceback for audit purpose. The 
operator should maintain detailed and up-to-date records of: 
a) breeding and/or origins of livestock; 
b) registration of any purchases; 
c) the health plan to be used in the prevention and management of disease, injury and reproductive 

problems; 
d) all treatments and medicines administered for any purpose, including quarantine periods and identification 

of treated animals or hives; 
e) feed provided and the source of the feedstuffs; 
f) stock movements within the unit and hive movements within designated forage areas as identified on 

maps; 
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g) transportation, slaughter and/or sales. 
h) extraction, processing and storing of all bee products. 
 

8. Storage, on the unit, of input substances, other than those whose use is with paragraph 4.1(b) of these 
guidelines is prohibited. 

9. The official or officially recognized certification body or authority should ensure that a full physical inspection is 
undertaken, at least once a year, of the unit. Samples for testing of products not listed in these guidelines may 
be taken where their use is suspected. An inspection report should be drawn up after each visit. Additional 
occasional unannounced visits should also be undertaken according to need or at random.  

10. The operator should give the certification body or authority, for inspection purposes, access to the storage and 
production premises and to the parcels of land, as well as to the accounts and relevant supporting documents. 
The operator should also provide the inspection body with any information deemed necessary for the 
purposes of the inspection. 

11. Products referred to in Section 1 of these guidelines which are not in their packaging for the end consumer 
should be transported in a manner which should prevent contamination or substitution of the content with 
substances or product not compatible with these guidelines and the following information, without prejudice to 
any other indications required by law: 
– the name and address of the person responsible for the production or preparation of the product; 
– the name of the product; and 
– that the product is of organic status.  

12. Where an operator runs several production units in the same area (parallel cropping), units in the area 
producing crop, crop products not covered by Section 1 should also be subject to the inspection arrangements 
as regards the dash points of paragraph 4 and paragraphs 6 and 8 above. Plants of indistinguishable varieties 
as those produced at the unit referred to in paragraph 3 above should not be produced at these units: 
– If derogations are allowed by the competent authority, the authority must specify the types of production 

and circumstances for which derogations are granted and the supplementary inspection requirements, 
such as unannounced site visits; extra inspections during harvest; additional documentary requirements; 
assessment of an operation’s ability to prevent co-mingling, etc., which are to be implemented. 

– Pending further review of these guidelines in accordance with Section 8, member countries can accept 
parallel cropping of the same variety, even if it is not distinguishable, subject to adequate inspection 
measures being applied.  

13. In organic livestock production, all livestock on one and the same production unit must be reared in 
accordance with the rules laid down in these Guidelines. However, livestock not reared in accordance with 
these Guidelines may be present on the organic holding provided that they are separated clearly from 
livestock produced in accordance with these Guidelines. The competent authority can prescribe more 
restrictive measures, such as different species. 

14. The competent authority may accept that animals reared in accordance with the provisions of these Guidelines 
may be grazed on common land, provided that: 
a) this land has not been treated with products other than those allowed in accordance with Section 4.1 (a) 

and (b) of these Guidelines, for at least three years; 
b) a clear segregation between the animals reared in accordance with the provisions of these Guidelines, 

and the other animals can be organized. 

15. For livestock production, the competent authority should ensure, without prejudice to the other provisions in 
this Annex, that the inspections related to all stages of production and preparation up to the sale to the 
consumer ensure, as far as technically possible, the traceability of livestock and livestock products from the 
livestock production unit through processing and any other preparation until final packaging and/or labelling. 

B. PREPARATION AND PACKAGING UNITS 

1. The producer and/or operator and should provide: 
– a full description of the unit, showing the facilities used for the preparation, packaging and storage of 

agricultural products before and after the operations concerning them; 
– all the practical measures to be taken at the level of the unit to ensure compliance these guidelines. 

 
This description and the measures concerned should be signed by the responsible person of the unit and the 
certification body. 
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The report should include an undertaking by the operator to perform the operations in such a way as to 
comply with Section 4 of these guidelines and to accept, in the event of infringements, the implementation of 
measures as referred to in paragraph 6.9 of these guidelines and be countersigned by both parties. 

 
2. Written accounts should be kept enabling the certification body or authority to trace: 

– the origin, nature and quantities of agricultural products as referred to in Section 1 of these guidelines 
which have been delivered to the unit;  

– the nature, quantities and consignees of products as referred to in Section 1 of these guidelines which 
have left the unit; 

– any other information such as the origin, nature and quantities of ingredients, additives and manufacturing 
aids delivered to the unit and the composition of processed products, that is required by the certification 
body or authority for the purposes of proper inspection of the operations. 

3. Where products not referred to in Section 1 of these guidelines are also processed, packaged or stored in the 
unit concerned: 
– the unit should have separate areas within the premises for the storage of products as referred to in 

Section 1 of these guidelines, before and after the operations; 
– operations should be carried out continuously until the complete run has been dealt with, separated by 

place or time from similar operations performed on products not covered by Section 1 of these guidelines; 
– if such operations are not carried out frequently, they should be announced in advance, with a deadline 

agreed on with the certification body or authority; 
– every measure should be taken to ensure identification of lots and to avoid mixtures with products not 

obtained in accordance with the requirements of these guidelines. 

4. The official or officially recognized certification body or authority should ensure that a full physical inspection, 
at least once a year, of the unit. Samples for testing of products not listed in these guidelines may be taken 
where their use is suspected. An inspection report must be drawn up after each visit countersigned by the 
person responsible for the unit inspected. Additional occasional unannounced visits should also be undertaken 
according to need or at random. 

5. The operator should give the official or officially recognized certification body or authority or authority, for 
inspection purposes, access to the unit and to written accounts and relevant supporting documents. The 
operator should also provide the inspection body with any information necessary for the purposes of 
inspection. 

6. The requirements in respect to the transport as laid down in paragraph A.10 of this Annex are applicable. 

7. On receipt of a product referred to in Section 1 of these Guidelines, the operator shall check: 
– the closing of the packaging or contained where it is required; 
– the presence of the indications referred to in A.10 of this Annex. The result of this verification shall be 

explicitly mentioned in the accounts referred to in point B.2. When there is any doubt that the product 
cannot be verified according to the production system provided for in Section 6 of this Guidelines, it must 
be placed on the market without indication referring to the organic production method. 

C. IMPORTS 

Importing countries should establish appropriate inspection requirements for the inspection of importers and of 
imported organic products. 
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INTRODUCTION 

Initially the term molasses referred specifically to the final effluent obtained in the
preparation of sucrose by repeated evaporation, crystallization and centrifugation of juices from
sugar cane and from sugar beets.  Today, several types of molasses are recognized and in general,
any liquid feed ingredient that contains in excess of 43% sugars is termed molasses.  Literature
relating to the early history, production and processing of molasses is presented by Madsen (1953)
and Anonymous (1959) for sugar beets; by Meade and Chem (1977) and Anonymous (1970) for
sugar cane and by Hendrickson and Kesterson (1965) for citrus molasses. 

The use of molasses in livestock and poultry feeds dates back into the nineteenth century and
has been the subject of several excellent review articles (Scott, 1953; Cleasby, 1963; Van Niekerk,
1980; Waldroup, 1981).  In North America, one of the earliest documented reports showing the value
of cane molasses in cattle feeding was published by Gulley and Carson (1890), for swine by Lindsey
et al., (1907) and for poultry by Graham (1906).  The extent to which molasses has been used in
animal feeds varies from a small amount used to eliminate dust and feed wastage to serving as the
major source of dietary energy.

TYPES OF MOLASSES 

The Association of American Feed Control officials (AAFCO, 1982) describes the following
types of molasses. 

Cane Molasses is a by-product of the manufacture or refining of sucrose from sugar cane.
It must not contain less than 46% total sugars expressed as invert.  If its moisture content exceeds
27%, its density determined by double dilution must not be less than 79.50 Brix. IFN 4-13-251 Sugar
cane molasses. 

Beet Molasses is a by-product of the manufacture of sucrose from sugar beets. It must
contain not less than 48% total sugars expressed as invert and its density determined by double
dilution must not be less than 79.50 Brix. IFN 4-30-289 Beet sugar molasses. 

Citrus Molasses is the partially dehydrated juices obtained from the manufacture of dried
citrus pulp.  It must contain not less than 45% total sugars expressed as invert and its density
determined by double dilution must not be less than 71.00 Brix. IFN 4-01-241 Citrus syrup. 

Hemicellulose Extract is a by-product of the manufacture of pressed wood. It is the
concentrated soluble material obtained from the treatment of wood at elevated temperature and
pressure without use of acids, alkalis, or salts.  It contains pentose and hexose sugars, and has a total
carbohydrate content of not less than 55%.  IFN 4-08-030 Hemicellulose extract.  

Starch Molasses is a by-product of dextrose manufacture  from starch derived from corn or
grain sorghums where the starch is hydrolyzed by enzymes and/or acid.  It must contain not less than
43% reducing sugars expressed as dextrose and not less than 50% total sugars expressed as dextrose.
It shall contain not less than 73% total solids. IFN 4-08-037 Maize sorghum grain starch molasses.
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Recent production estimates for the various types of molasses show that of the total United
States supply, 60% was cane molasses, 32% was beet molasses, 7% was starch molasses and 1%
citrus molasses (Anonymous 1981). As is indicated by these percentages, the production of citrus
molasses, starch molasses and hemicellulose extract is quite limited and normally usage is localized
near the areas of production. 

PRODUCTION AND TRADE STATISTICS 

The total production of molasses for 1981-82 is approximately 35 million metric tons
(Anonymous 1982b). The U.S. production of all types of molasses as compared to world production
is shown in Table 1 (Anonymous 1982a, 1982b) 

Table 1.   Molasses Production in the U.S. As Compared to World Production
 
  Year U.S. World

---------------Million metric tons---------------

1978-79                 2.02                        32.3 
1979-80                  1.93                        29.7 
1980-81                  2.06                        30.9 
1981-81                  2.12                        34.8 
1982-83  (est.)          2.08                        34.4
 

The U.S. production of cane molasses comes from Florida, Louisiana, Texas, Hawaii and
Puerto Rico.  The major consuming areas of the world for molasses are the United States, Canada,
Europe and the Far East. The size of this market is about 10-11 million tons, of which 4-5 million
tons are produced within the market. 

The production of molasses by region is shown in Table 2. Several changes have occurred
in recent years causing increases or decreases in several of the regions (Anonymous 1982a, 1982b).

In 1981,  total market supplies of molasses available in the United States were approximately
2.8  million metric tons. The percentages of the total United States molasses supply used by various
groups were as follows: mixed feeds and direct feeding, 81%; yeast and citric acid, 14%;
pharmaceutics, 4%; distilled spirits, 1%; (Anonymous 1982a and 1982b). A further breakdown of
the feed utilization percentage shows that of the total used for feed, approximately 65% goes to
liquid and feedlot use and 35% is used for dry feed. Baker (1979) reporting on world usage indicated
that the animal feed industry was also the principal marketing area in the United Kingdom (75%)
and Denmark (95%), whereas in the European Economic Community in general, usage of molasses
fell to 58%. Although these utilization percentages have remained relatively constant over the past
decade, future use patterns are dependent upon many factors. These include the world supply of
sugar, cost of molasses relative to cost of grain, technological advancements in utilization of alcohol
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 Table 2.  Molasses Production in Specific Regions
 

 1978-79            1980-81 1982-83
  Country -------------------Million metric tons----------------------

              
 North America                      3.40               3.21                   3.38
Caribbean                          2.14               1.79                   1.84 
Central America                    0.60                 0.72                    0.82 
South America                      7.13               7.26                   7.86 
European Community                 2.99               3.19                   3.59 
Other Western Europe                0.68                 0.62                    0.72 
Eastern Europe                     2.13               1.83                   2.02 
U.S.S.R.                           3.31               2.67                   2.67 
Africa                            1.82               1.88                   2.11 
Middle East                         0.69                 0.38                    0.60 
Other Asia                        6.68               6.44                   7.93 
Oceanic                             0.66                 0.82                    0.86
 

as power and changes in processing techniques.  An added usage of molasses in recent years is the
production of alcohol. The most successful program is in Brazil where, by 1985, alcohol production
from molasses is expected to contribute about 2% of their total energy needs (Baker, 1981).
 

As a result, Brazil has reduced its molasses exports from about a million tons to the present
figure of 635,000 tons. This trend may continue in areas where it is difficult or very expensive to
move molasses to ports. In the major consuming areas it appears unlikely that molasses will be used
in large quantities as a substrate for the production of power alcohol. 

The greatest increase in imported cane molasses (Table 3) in recent years has occurred in
Western Europe (Baker, 1981).  The grain farmer in this region is protected with very high supports,
and molasses always has a favorable relationship to grain prices at almost any level (Kosseff, 1980).

Table 3.  Imported Cane Molasses Usage
 
                  1973             1978             1981
  Location -------------------Million metric tons----------------------

                        
North America             2.55             2.10               1.38 
Western Europe            1.50             2.60               2.68 
Far East                  1.33             1.35              1.05
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COMPOSITION 

The average composition and selected nutrient content of the various types of molasses is
presented in Tables 4, 5 and 6.  As is often found with many industrial by-products, the chemical
composition of molasses shows wide variation. Its composition is influenced by factors such as soil
type, ambient temperature, moisture, season of production, variety, production practices at a
particular processing plant, and by storage variables. Consequently, considerable variation may be
found in nutrient content, flavor, color, viscosity and total sugar content. The composition data
presented in Tables 4, 5 and 6 reflect these differences since these figures were compiled from
analysis presented in several publications (Wornick, 1969; Anonymous, 1970; Hendrickson and
Kesterson, 1971; NRC, 1971; Curtin, 1973 and NRC, 1979).
 
Brix 

The molasses trade commonly use the term Brix as an indicator of specific gravity and as
illustrated in Table 4, represents an approximation of total solids content. Brix is a term originally
initiated for pure sucrose solutions to indicate the percentage of sucrose in solution on a weight
basis. However, in addition to sucrose, molasses contains glucose, fructose, raffinose and numerous
non-sugar organic materials. Consequently, a Brix value for molasses will often differ dramatically

Table 4.   Composition and Nutrient Content of Molasses Products Hemicellulose
 
   Item Cane     Beet      Citrus    Extract     Starch 

Brix                             79.5     79.5       71.0     65.0        78.0
Total Solids (%)                 75.0     77.0       65.0      65.0        73.0
Specific Gravity 1.41       0.41     1.36      1.32        1.40
Total Sugars (%)                    46.0     48.0       45.0      55.0        50.0
Crude Protein (%)                    3.0         6.0         4.0           0.5         0.4 
Nitrogen Free Extract (%) 63.0       62.0         55.0        55.0          65.0 
Total Fat (%)                     0.0         0.0          0.2         0.5        0.0 
Total Fiber (%)                   0.0         0.0         0.0           0.5        0.0 
Ash (%)                           8.1       8.7       6.0          5.0          6.0 
Calcium, (%)                          0.8       0.2       1.3         0.8         0.1 
Phosphorus, (%)                     0.08      0.03       0.15        0.05        0.2  
Potassium, ( %)                     2.4      4.7       0.1        0.04        0.02 
Sodium, (%)                          0.2     1.0          0.3                            --- 2.5 
Chlorine, (%)                        1.4      0.9       0.07                 --- 3.0 
Sulfur, (%)                          0.5       0.5       0.17                  --- 0.05 
Energy (kcal/kg) 

Swine (ME)                   2343                2320                 2264                  2231          ---
Poultry (MEN)               1962                1962   --- --- ---
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from actual sugar or total solid content. In fact, Baker (1979) stated that, "With an impure sucrose
solution such as molasses, Brix does not represent anything except a number denoting specific
gravity and this cannot be related to either sucrose or dry matter content." Regardless, in the United
States, Brix is used in the official definition of beet, citrus, starch and cane molasses (AAFCO,
1982). 

Sugars

All types of molasses contain relatively large amounts of total sugars or carbohydrates and
these compounds constitute the majority of the feeding value of molasses. Sugar mills can control
the amount of sucrose extracted and because of this, the sugar content of molasses produced in
different countries will vary according to the production technology employed. According to Baker
(1981), changes in the design of centrifuges used to separate sugar and syrup constitute one of the
major advancements in the cane sugar industry.  Continuous centrifugation now results in more
sugar extracted with a corresponding decrease in the amount of sugar left in molasses. In the beet
processing industry, the Steffen process has been the most efficient and widely used method of
reducing the sugar content of beet molasses.  More recently, the use of ion exchange resins (Quetin
process) extracts more sugar from the beet which decreases the sugar content of molasses about 4%.
Another recent development in the separation of sugar from beet and cane molasses is the
Finnsugar-Pfeifer and Langen process. The use of this process to date has been mainly restricted to
Europe. 

Protein

As is presented in Table 4, none of the molasses types contain significant levels of crude
protein (N x 6.25).  Also, the nitrogenous materials which are present consist mainly of non-protein
nitrogen compounds which include amides, albuminoids, amino acids and other simple nitrogenous
compounds. These two factors, minimal quantity and quality of protein, would indicate the molasses
protein is of limited nutritional value for non-ruminants. The effect of soil type on nutrient content
is well illustrated by a Florida report showing that molasses produced from cane grown on organic
soils contained 7-10% protein as compared to 3% for molasses from mineral soils (Chapman et al.,
1965).  However, Combs and Wallace (1973) reported that substituting this molasses protein for corn
protein in swine diets resulted in significant decreases in rate and efficiency of gain. 

Minerals

In general, the mineral content of molasses has not been considered when formulating diets
for swine and poultry. Factors contributing to this situation include: the lack of bioavailability data
for the various mineral elements and the wide range of values reported to exist within the various
molasses types. However, in comparison to the commonly used sources of dietary energy, mainly
cereal grains, the calcium content of cane and citrus molasses is high, whereas the phosphorus
content is low. Cane and beet molasses are comparatively high in potassium, magnesium, sodium,
chlorine and sulfur.  Additional comparisons between types of molasses show that in general, cane
molasses is higher than beet molasses in calcium, phosphorus and chlorine, whereas beet molasses
is higher in potassium and sodium. 
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The trace mineral content of cane, beet and citrus molasses is presented in Table 5.  Cane and
citrus molasses contain higher amounts of copper, iron and manganese than beet molasses.  Within
a molasses type, the trace mineral variability can be quite high.  Curtin (1973) reported that cane
molasses contained an average of 297 mg/kg iron with a range of 145-640 mg/kg and that beet
molasses contained an average of 65 mg/kg zinc with a range of 4 to 264 mg/kg. Similar ranges also
were presented for copper and manganese. 

Table 5.  Trace Minerals in Molasses
 

  Mineral      Cane           Beet            Citrus 

Copper, mg/kg            36              13                  30 
Iron, mg/kg               249            117              400 
Manganese, mg/kg       35              10                  20 
Zinc, mg/kg                13              40                 ---
 

Vitamins 

The approximate B-vitamin content of cane, beet and citrus molasses is shown in Table 6.
 Curtin (1973) reported that processing procedures concentrated the heat and alkali-stable vitamins
in the final molasses and that pantothenic acid appeared to be sensitive to some of the processes used
in sugar production.  In addition to the vitamins presented in Table 6, Baker (1979) reported that
cane molasses contained approximately 6,000 mg/kg inositol, 800 mg/kg niacin and 5 mg/kg
pyridoxine.  In comparison to commonly used grains, the biotin content is quite high in both cane
and beet molasses.  However, data presented by Curtin (1973) and Olbrich (1963) indicated that the
vitamin content of molasses was subject to wide variations. These variations coupled with their
relatively low content in molasses tends to diminish their nutritional significance.
 

Table 6.   Vitamins in Molasses
 

  Vitamin         Cane          Beet                  Citrus 

Biotin, mg/kg             0.36            0.46 ---
Choline, mg/kg          745.0            716.0                       ---
Pantothenic Acid, mg/kg        21.0              7.0                   10.0 
Riboflavin, mg/kg     1.8            1.4                  11.0 
Thiamine, mg/kg                   0.9             ---  ---
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Energy

As mentioned previously, sugars and soluble carbohydrates account for the major portion of
the feeding value of molasses. The metabolizable energy content of the various types of molasses
is presented in Table 4. A comparison of these values with commonly used energy feeds in swine
and poultry diets is shown in Table 7. Averaging the energy values for barley, corn, oats and wheat
shows that for swine, molasses contains only 77% of the energy found in these grains and that with
poultry, the figure decreases to 68%. However, in certain countries of the world, molasses is the only
inexpensive and available energy source that can be used in livestock and poultry production.
 

In addition to energy, molasses products also provide other advantages in rations, particularly
for ruminants, which are difficult to evaluate on a numerical basis.  These advantages include:
 

1. Increases the palatability of many types of rations. 

2. Energy in form of simple sugars is easily digestible.

3. Molasses at times appears to exert a tonic effect.

4. In many feeds it eliminates dust.

Table 7.  Comparison of the Metabolizable Energy Content of Molasses with Other Energy Feeds
 

    Swine     Poultry
Feedstuff      IFN ME (kcal/kg) ME  (kcal/kg)

Cane Molasses         4-04-696              2343             1962 
Beet Molasses         4-00-669              2320             1962 
Barley                4-00-549              2870             2640 
Corn                 4-02-935              3325             3430 
Oats                  4-03-309              2668             2550 
Wheat                 4-05-268              3220             2800
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Efficient lactic acid production from cane sugar molasses by Lactobacillus delbrueckii mutant Uc-3 in batch
fermentation process is demonstrated. Lactic acid fermentation using molasses was not significantly affected
by yeast extract concentrations. The final lactic acid concentration increased with increases of molasses sugar
concentrations up to 190 g/liter. The maximum lactic acid concentration of 166 g/liter was obtained at a
molasses sugar concentration of 190 g/liter with a productivity of 4.15 g/liter/h. Such a high concentration of
lactic acid with high productivity from molasses has not been reported previously, and hence mutant Uc-3
could be a potential candidate for economical production of lactic acid from molasses at a commercial scale.

Lactic acid can be used as a preservative, acidulant, and
flavor in food, textile, and pharmaceutical industries. It could
become a commodity chemical for the production of lactate
esters, propylene glycol, propylene oxide, acrylic acid, 2,3-pen-
tanedione, propanoic acidacetaldehyde, and dilactide (3, 15).
It has also been increasing in importance as a feedstock for
manufacture of polylactic acid (PLA), which could be a good
substitute for synthetic plastic derived from petroleum feed-
stock. Approximately 90% of the total lactic acid produced
worldwide is by bacterial fermentation (20). The chemical syn-
thesis of lactic acid always leads to racemic mixture, which is
major disadvantage. Fermentative production of lactic acid
offers great advantage in producing optically pure L- or D-lactic
and also DL-lactic acid, depending on the strain selected for
fermentation. The optical purity of lactic acid is crucial factor
in the physical properties of PLA, and it is L(�)-lactic acid that
can be polymerized to a high-crystal PLA suited to commercial
uses such as fibers and films (14).

Most studies within production of lactic acid have focused
on the use of pure substrates such as glucose (9, 12) or lactose
(5) for the production of lactic acid. The use of natural sub-
strates like starch (4, 10, 11, 18) and cellulose (2, 6, 16) is
economically unfavorable because they are very expensive and
also require pretreatment in order to release fermentable sug-
ars. The manufacturing cost of lactic acid can be significantly
reduced if waste products such as whey or molasses containing
fermentable sugars could be used for the production of lactic
acid. India is one of the largest countries producing more than
20 million tons of cane sugar from sugar cane. During this
process, a large amount of molasses is generated as the by-
product, which contains 40 to 60% sucrose, which can be con-
verted to lactic acid by the use of microorganisms.

In this paper, we describe the efficient conversion of molas-
ses sugar by a mutant strain, Lactobacillus delbrueckii Uc-3, for

lactic acid production. The mutant was isolated by UV mu-
tagenesis followed by selection on the basis of a bigger zone of
acid formation on sucrose-based medium (7). The mutant is
reported to utilize glucose preferentially from high concentra-
tions of hydrolyzed cane sugar resulting in coproduction of
lactic acid and fructose (13). Recently, we have reported the
complete utilization of bagasse-derived cellulose to lactic acid
with an 80% yield using this strain (2), which was attributed to
the presence of cellobiose and cellotriose enzymes present in
the mutant strain (1).

For the evaluation of lactic acid production from cane mo-
lasses, experiments were performed in 250-ml, screw-cap flasks
at 42°C with shaking at 150 rpm. The flask contained 100 ml
production medium consisting of hydrolyzed 10 g cane molas-
ses sugar, 4.0 g CaCO3, and 0.5 g yeast extract. The cane
molasses was obtained from Godavari Sugar Mills Limited,
Sameerwadi, India. The molasses contained sucrose (31%),
glucose (9.5%), fructose (10%), and nitrogen (0.95%). The
cane molasses sugar was hydrolyzed by adding 1 ml of 20%
H2SO4 in 100 ml of molasses solution. The acidified molasses
solution was heated in a boiling water bath for 20 min. The
cane molasses contained 46 to 48% reducing sugar. The pH of
the medium was adjusted to 6.5 with 4.0 M KOH prior to
sterilization. The flasks were inoculated (5% inoculum) with
culture grown in hydrolyzed, sucrose-based medium (7). The
culture samples harvested after suitable time intervals were
centrifuged at 2,000 � g for 20 min to separate the cells. The
supernatant was analyzed for sugar and lactic acid and for
determination of the pH of fermented broth. Lactic acid was
analyzed by high-pressure liquid chromatography with UV or
refractive index detectors using an Aminex HPX-87H column,
and sugar was analyzed by the dinitrosalicylic acid method as
reported earlier (7). The dry cell weight was determined by a
calibration curve related with optical density at 660 nm to dry
weight (g/liter). One unit of optical density corresponded to
0.76 g/liter of dry cell weight.

The parent strain Lactobacillus delbrueckii NCIM 2365 and
mutant Uc-3 were evaluated initially for lactic acid production
in molasses-based fermentation medium using 102 g/liter of
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cane molasses sugar and various concentrations of yeast ex-
tract. The mutant Uc-3 produced 4.5 times more lactic acid
than the parent strain within 24 h using 102 g/liter of molasses
sugar (Table 1). Lactic acid bacteria are generally fastidious
organisms requiring complex nutrients such as amino acids and
vitamins for cell growth. Yeast extract is the most commonly
used nitrogen source which provides vitamin B complex con-
tent in addition to organic nitrogen to lactic acid bacteria (19).
It was found that 2.5 g/liter yeast extract was sufficient to obtain
maximum lactic acid with high productivity. The requirement
of a smaller amount of yeast extract as a nitrogen source could
be attributed to the presence of enough nitrogen in molasses.
Further experiments were performed using 5 g/liter of yeast
extract because we used higher molasses sugar concentrations.
In order to investigate the influence of molasses concentration
on lactic acid production, Lactobacillus delbrueckii mutant
Uc-3 was grown using 110 to 500 g/liter of molasses (equivalent
to 51 to 240 g/liter of total sugar). As shown in Table 2, the
final lactic acid concentration increased with increases in the
initial molasses sugar concentration up to 190 g/liter. A sharp
decrease in lactic acid production was observed at 240 g/liter of
molasses sugar concentration. This could be probably due to
substrate inhibition, a phenomenon observed in traditional
batch fermentation. Maximum lactic acid production (166 g/li-
ter) was obtained within 40 h of fermentation with an initial
molasses sugar concentration of 190 g/liter. At all molasses
sugar concentrations, the lactic acid yields were 0.88 to 0.96 g/g
based on the total sugar consumed and the highest yield (0.96
g/g) and productivity (4.3 g/liter/h) were obtained at 148 g/liter
of molasses sugar concentration.

The profile of growth (optical density), pH, lactic acid pro-
duction, and molasses sugar utilization is shown in Fig. 1. The
maximum amount of lactic acid (166 g/liter) was produced
from 190 g/liter of molasses sugar within 40 h of fermentation,
with an increase in optical density from 1.5 to 21.6 and a
decrease in pH from 6.0 to 5.3. The decrease in pH of the
fermentation is not significant, probably due to buffering action
of molasses. We observed a drastic pH drop from 6.8 to 4.5 of
the fermented broth when sucrose-based production medium
was used for lactic acid production (7). Hence, molasses-based
production medium could be an advantage for maintaining the
pH of the fermentation medium above 5.3, at which fermen-
tation rates are faster. This could be one of the reasons for the
high lactic acid productivity observed in molasses-based me-
dium.

Table 3 summarizes the results obtained from this work and
from other literature previously reported on lactic acid con-
centration, lactic acid yield, and productivity in batch fermen-
tation of molasses. Recently, Wee et al. (17) reported that a
maximum lactic acid concentration of 134.9 g/liter was ob-
tained at a molasses concentration of 333 g/liter (equivalent to
170 g/liter of total sugar) with productivity of 1.5 g/liter/h using
Enterococcus faecalis. The high productivity of 4.3 was ob-
tained at lower molasses concentrations. However, their re-
quirement for yeast extract was very high (15 g/liter) to obtain
the highest productivity of lactic acid. The Lactobacillus

FIG. 1. Profile of lactic acid production, growth, pH, and sugar
utilization during fermentation by Lactobacillus delbrueckii mutant
Uc-3 using a molasses sugar concentration of 190 g/liter. OD, optical
density. F, molasses sugar; f, lactic acid; Œ, growth; �, pH.

TABLE 1. Lactic acid production by parent and mutant strains in cane molasses sugara

Yeast extract
concn (g/liter)

Result for:

Parent strain Mutant Uc-3

Dry cell wt
(g/liter)

Lactic acid
concn (g/liter)

Productivity
(g/liter/h)

Dry cell wt
(g/liter)

Lactic acid
concn (g/liter)

Productivity
(g/liter/h)

0 4.5 � 0.3 8.0 � 0.7 0.33 � 0.05 5.8 � 0.6 43.6 � 3.5 1.80 � 0.1
2.5 5.0 � 0.4 14.0 � 1.2 0.58 � 0.06 9.2 � 0.8 74.0 � 5.0 3.08 � 0.2
5 5.7 � 0.3 16.4 � 1.1 0.68 � 0.04 8.7 � 0.6 73.0 � 3.7 3.04 � 0.1
10 5.8 � 0.3 16.8 � 1.1 0.70 � 0.04 9.8 � 0.7 73.2 � 4.0 3.05 � 0.2

a The cultures were grown anaerobically at 42°C with shaking (150 rpm). The concentration of molasses sugar was 102 g/liter. The samples were removed after 24 h
of fermentation and analyzed for growth and lactic acid. The values are averages of three independent experiments.

TABLE 2. Effect of initial hydrolyzed molasses sugar concentration
on fermentation time required, lactic acid production, dry cell

weight, and lactic acid productivity of mutant Uc-3a

Molasses
sugar
concn

(g/liter)

Lactic acid concn in
g/liter (time of
analysis �h�)b

Dry cell wt
(g/liter)

Lactic acid
yield (g/g)

Productivity
(g/liter/h)

51 40.0 � 2.4 (16) 7.42 � 0.4 0.88 2.50 � 0.2
102 84.6 � 3.8 (30) 8.75 � 0.3 0.94 2.82 � 0.1
123 105.0 � 6.5 (30) 14.0 � 0.9 0.95 3.50 � 0.2
148 129.0 � 7.0 (30) 14.0 � 0.8 0.96 4.30 � 0.2
190 166.0 � 7.5 (40) 15.1 � 0.8 0.95 4.15 � 0.2
240 88.2 � 5.0 (48) 2.70 � 0.2 0.94 1.83 � 0.1

a The values are averages of three independent experiments.
b The values in parentheses indicate the time points (in hours) when the

samples were analyzed.
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delbrueckii mutant Uc-3 used in this study could produce 166
g/liter of lactic acid from 400 g/liter of molasses (equivalent to
190 g/liter of total sugar). It is noteworthy that we required a
very small amount of yeast extract (5 g/liter) to obtain high
lactic acid productivity even at a high molasses concentration.
Therefore, the mutant Uc-3 proved to be an efficient strain
with very high productivity for production of lactic acid from a
high concentration of molasses.

In conclusion, the Lactobacillus delbrueckii mutant Uc-3
proved to be a promising strain for the production of lactic acid
from molasses. The requirement for yeast extract is brought
down to minimum because molasses contains enough of the
nitrogen source necessary to grow such fastidious organisms.
Also the buffering capacity of the molasses could be an advan-
tage in maintaining the pH of the medium above pH 5.3 during
fermentation. Molasses was also proven to be an economically
feasible raw material for industrial production of lactic acid
since it is fortified with enough nutrients necessary for growth
of lactic acid bacteria.

We acknowledge financial support from the NMITLI Division of the
Council of Scientific and Industrial Research, New Delhi, India.
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Strain used (yeast extract
concn �g/liter�)

Lactic acid
concn (g/liter)

Molasses sugar
concn (g/liter)

Lactic acid
yield (g/g)

Fermentation
time (h)

Productivity
(g/liter/h) Reference

Lactobacillus delbrueckii NCIMB 8130 (50) 90.0 100 0.98 24 3.8 8

Enterococcus faecalis RKY1 (15) 95.7 102 0.95 24 4.0 17
127.0 136 0.95 60 2.1 17
134.9 170 0.93 90 1.5 17

Lactobacillus delbrueckii Uc-3 (5) 129.0 148 0.96 30 4.3 This work
166.0 190 0.95 40 4.15 This work
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I

(Acts adopted under the EC Treaty/Euratom Treaty whose publication is obligatory)

REGULATIONS

COMMISSION REGULATION (EC) No 889/2008

of 5 September 2008

laying down detailed rules for the implementation of Council Regulation (EC) No 834/2007 on
organic production and labelling of organic products with regard to organic production, labelling and

control

THE COMMISSION OF THE EUROPEAN COMMUNITIES,

Having regard to the Treaty establishing the European Commu-
nity,

Having regard to Council Regulation (EC) No 834/2007 of
28 June 2007 on organic production and labelling of organic
products and repealing Regulation (EEC) No 2092/91 (1), and in
particular Article 9(4), the second paragraph of Article 11
Articles 12(3), 14(2), 16(3)(c), 17(2) and 18(5), the second
subparagraph of Article 19(3), Articles 21(2), 22(1), 24(3), 25(3),
26, 28(6), 29(3) and 38(a), (b), (c) and (e), and Article 40 thereof,

Whereas:

(1) Regulation (EC) No 834/2007, and in particular Titles III,
IV and V thereof, lay down basic requirements with regard
to production, labelling and control of organic products in
the plant and livestock sector. Detailed rules for the
implementation of those requirements should be laid down.

(2) The evolution of new detailed production rules on certain
animal species, organic aquaculture, seaweed and yeasts
used as food or feed on community level will require more
time and therefore should be elaborated in a subsequent
procedure. It is therefore appropriate to exclude those
products from the scope of this Regulation. However, as
regards certain livestock species, aquaculture products and
seaweed, the Community rules provided for production,
controls and labelling should apply mutatis mutandis to
those products, in accordance with Article 42 of Regulation
(EC) No 834/2007.

(3) Certain definitions should be laid down in order to avoid
ambiguities and to guarantee the uniform application of the
organic production rules.

(4) Organic plant production is based on nourishing the plants
primarily through the soil ecosystem. Therefore hydroponic

cultivation, where plants grow with their roots in an inert
medium feed with soluble minerals and nutrients, should
not be allowed.

(5) Organic plant production involves varied cultivation
practices and limited use of fertilisers and conditioners of
low solubility, therefore these practices should be specified.
In particular, conditions for the use of certain non-synthetic
products should be laid down.

(6) The use of pesticides, which may have detrimental effects
on the environment or result in the presence of residues in
agricultural products, should be significantly restricted.
Preference should be given to the application of preventive
measures in pest, disease and weed control. In addition,
conditions for the use of certain plant protection products
should be laid down.

(7) For the purpose of organic farming, the use of certain plant
protection products, fertilisers, soil conditioners, as well as
certain non-organic feed materials, feed additives and feed
processing aids and certain products used for cleaning and
disinfection was allowed under Council Regulation (EEC)
No 2092/91 (2) under well-defined conditions. For the sake
of ensuring the continuity of organic farming the products
and substances in question should, in accordance with the
provisions laid down in Article 16(3)(c) of Regulation (EC)
No 834/2007, continue to be allowed. Moreover, for the
sake of clarity, it is appropriate to list in the Annexes to this
Regulation the products and substances which had been
allowed under Regulation (EEC) No 2092/91. Other
products and substances may be added to these lists in
the future under a different legal basis, namely Article 16(1)
of Regulation (EC) No 834/2007. It is therefore appropriate
to identify the distinct status of each category of products
and substances by means of a symbol in the list.
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(8) The holistic approach of organic farming requires a
livestock production related to the land, where the
produced manure is used to nourish the crop production.
Since livestock farming always implies the management of
agricultural land, provision should be made to prohibit
landless livestock production. In organic livestock produc-
tion the choice of breeds should take account of their
capacity to adapt to local conditions, their vitality and their
resistance to disease and a wide biological diversity should
be encouraged.

(9) Under certain circumstances operators may face difficulties
in obtaining organic breeding animals from a reduced gene
pool, which would hamper the development of the sector.
Therefore the possibility of bringing a limited number of
non-organic animals onto a farm for breeding purposes
should be provided for.

(10) Organic stock farming should ensure that specific beha-
vioural needs of animals are met. In this regard, housing for
all species of livestock should satisfy the needs of the
animals concerned as regards ventilation, light, space and
comfort and sufficient area should accordingly be provided
to permit ample freedom of movement for each animal and
to develop the animal's natural social behaviour. Specific
housing conditions and husbandry practices with regard to
certain animals, including bees, should be laid down. These
specific housing conditions should serve a high level of
animal welfare, which is a priority in organic livestock
farming and therefore may go beyond Community welfare
standards which apply to farming in general. Organic
husbandry practices should prevent poultry from being
reared too quickly. Therefore specific provisions to avoid
intensive rearing methods should be laid down. In
particular poultry shall either be reared until they reach a
minimum age or else shall come from slow-growing
poultry strains, so that in either case there is no incentive to
use intensive rearing methods.

(11) In most cases, livestock should have permanent access to
open air areas for grazing, weather conditions permitting,
and such open air areas should in principle be organised
under an appropriate system of rotation.

(12) In order to avoid environmental pollution of natural
resources such as soil and water by nutrients, an upper limit
for the use of manure per hectare and for keeping livestock
per hectare should be set. This limit should be related to the
nitrogen content of the manure.

(13) Mutilations which lead to stress, harm, disease or the
suffering of animals should be banned. However, specific
operations essential to certain types of production and for
the sake of security for animals and human beings may be
permitted under restricted conditions.

(14) Livestock should be fed on grass, fodder and feedingstuffs
produced in accordance with the rules of organic farming,
preferably coming from the own holding, by taking into
account their physiological needs. In addition, in order to
provide for the basic nutritional requirements of livestock,
certain minerals, trace elements and vitamins may need to
be used under well-defined conditions.

(15) Since the existing regional differences in the possibility for
organic ruminants to obtain the necessary essential
vitamins A, D and E through their feed rations, as regards
climate and available sources of feed, are expected to
persist, the use of such vitamins for ruminants should be
allowed.

(16) Animal-health management should mainly be based on
prevention of disease. In addition specific cleaning and
disinfection measures should be applied.

(17) The preventive use of chemically-synthesised allopathic
medicinal products is not permitted in organic farming.
However, in the event of a sickness or injury of an animal
requiring an immediate treatment, the use of chemically-
synthesised allopathic medicinal products should be limited
to a strict minimum. Furthermore, in order to guarantee the
integrity of organic production for consumers it should be
possible to take restrictive measures such as doubling the
withdrawal period after use of chemically synthesised
allopathic medicinal products.

(18) Specific rules for disease prevention and veterinary
treatment in beekeeping should be laid down.

(19) Provision should be made to require operators producing
feed or food to take account of appropriate procedures
based on a systematic identification of critical processing
steps in order to ensure that the produced processed
products comply with the organic production rules.

(20) Certain non-organic products and substances are needed in
order to ensure the production of certain processed organic
food and feed. The harmonization of wine processing rules
on Community level will require more time. Therefore the
mentioned products should be excluded for wine proces-
sing until, in a subsequent procedure, specific rules are laid
down.

(21) For the purpose of processing organic food, the use of
certain ingredients of non-agricultural origin, certain food
processing aid and certain non-organic ingredients of
agricultural origin was allowed under Regulation (EEC)
No 2092/91 under well-defined conditions. For the sake of
ensuring the continuity of organic farming the products
and substances in question should, in accordance with the
provisions laid down in Article 21(2) of Regulation (EC)
No 834/2007, continue to be allowed. Moreover, for the
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sake of clarity, it is appropriate to list in the Annexes to this
Regulation the products and substances which had been
allowed under Regulation (EEC) No 2092/91. Other
products and substances may be added to these lists in
the future under a different legal basis, namely Article 21(2)
of Regulation (EC) No 834/2007. It is therefore appropriate
to identify the distinct status of each category of products
and substances by means of a symbol in the list.

(22) Under certain conditions organic products and non-organic
products can be collected and transported simultaneously.
In order to duly separate organic from non-organic
products during handling and to avoid any commingling
specific provisions should be laid down.

(23) The conversion to the organic production method requires
certain periods of adaptation of all means in use.
Depending on the previous farm production, specific time
periods for the various production sectors should be laid
down.

(24) In accordance with Article 22 of Regulation (EC) No 834/
2007, specific conditions for the application of exceptions
provided for in that Article should be laid down. It is
appropriate to set out such conditions with regard to the
non availability of organic animals, feed, beeswax, seeds and
seed potatoes and organic ingredients as well as to specific
problems related to the livestock management and in the
case of catastrophic circumstances.

(25) Geographical and structural differences in agriculture and
climatic constraints may hamper the development of
organic production in certain regions and therefore call
for exceptions for certain practices as regards the
characteristics of livestock buildings and installations.
Therefore tethering of animals should, under well-defined
conditions, be allowed in holdings which, due to their
geographical location and structural constraints, in particu-
lar with regard to mountainous areas, are of small size, and
only where it is not possible to keep the cattle in groups
appropriate to their behavioural needs.

(26) For the purpose of ensuring the development of an
incipient organic livestock sector, several temporary
derogations as regards tethering of animals, housing
conditions for animals and stocking densities were granted
under Regulation (EEC) No 2092/91. These derogations
should, on a transitional basis, be maintained until their
expiry date, in order not to disrupt the organic livestock
sector.

(27) Considering the importance of pollination of the organic
beekeeping sector it should be possible to grant exceptions

permitting the parallel production of organic and non-
organic beekeeping unit on the same farm.

(28) Under certain circumstances, farmers may experience
difficulty in securing supplies of organically reared livestock
and organic feedingstuffs and therefore authorisation
should be granted for a limited number of non-organically
produced farm input to be used in restricted quantities.

(29) Major efforts have been undertaken by producers involved
in organic production for the development of the
production of organic seeds and vegetative materials in
order to establish a broad choice of plant varieties of plant
species for which organic seeds and vegetative propagating
material is available. However, currently for many species
there is still not enough organic seed and vegetative
propagating material available and, in those cases, the use
of non-organic seed and vegetative propagating material
should be allowed.

(30) In order to help operators to find organic seed and seed
potatoes, each Member State should ensure that a database
is set up that contains the varieties of which organic seed
and seed potatoes are available on the market.

(31) The management of adult bovine animals may endanger the
keeper and other persons handling the animals. Therefore
provision should be made to allow for exceptions to be
granted during the final fattening phase of mammals, in
particular with regard to bovine animals.

(32) Catastrophic circumstances or widespread animal or plant
diseases may have serious effects on the organic production
in the regions concerned. Appropriate measures need to be
taken to ensure the maintenance of farming or even the
reestablishment of farming. Therefore the supply of non-
organic animals, or non-organic feed should be made
possible for a limited period in the affected areas.

(33) In accordance with Articles 24(3) and 25(3) of Regulation
(EC) No 834/2007, specific criteria as regards the
presentation, composition, size and design of the Commu-
nity logo, as well as the presentation and composition of
the code number of the control authority or control body
and of the indication of the place where the agricultural
product has been farmed should be laid down.

(34) In accordance with Article 26 of Regulation (EC) No 834/
2007, specific requirements for the labelling of organic feed
should be laid down taking into account the varieties and
composition of feed and the horizontal labelling provisions
applicable to feed.
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(35) In addition to the control system based on the Regulation
(EC) No 882/2004 of the European Parliament and of the
Council of 29 April 2004 on official controls performed to
ensure the verification of compliance with feed and food
law, animal health and animal welfare rules (3) specific
control measures should be laid down. In particular,
detailed requirements with regard to all stages of produc-
tion, preparation and distribution related to organic
products.

(36) Notifications of information by the Member States to the
Commission must enable it to use the information sent
directly and as effectively as possible for the management of
statistical information and referential data. To achieve this
objective, all information to be made available or to be
communicated between the Member States and the
Commission should be sent electronically or in digital form.

(37) Exchanges of information and documents between the
Commission and the Member States, and the provision and
notification of information from the Member States to the
Commission are generally carried out electronically or in
digital form. In order to improve the way such exchanges of
information under organic production rules are dealt with
and to extend their use, it is necessary to adapt the existing
computer systems or set up new ones. Provision should be
made for this to be done by the Commission and
implemented after informing the Member States via the
Committee on organic production.

(38) The conditions under which information is processed by
these computer systems and the form and content of
documents which have to be communicated under
Regulation (EC) No 834/2007 have to be adjusted
frequently in line with changes to the applicable rules or
management requirements. Uniform presentation of the
documents to be sent in by the Member States is also
necessary. To achieve these objectives and to simplify
procedures and ensure that the computer systems con-
cerned can be made operational immediately, the form and
content of the documents should be laid down on the basis

of models or questionnaires, which should be adapted and
updated by the Commission after informing the Committee
on organic production.

(39) Transitional measures should be laid down, for certain
provisions established under Regulation (EEC) No 2092/91,
in order not to jeopardize the continuity of the organic
production.

(40) Commission Regulation (EEC) No 207/93 of 29 January
1993 defining the content of Annex VI to Regulation (EEC)
No 2092/91 on organic production of agricultural
products and indications referring thereto on agricultural
products and foodstuffs and laying down detailed rules for
implementing the provisions of Article 5(4) thereto (4)
Commission Regulation (EC) No 1452/2003 of 14 August
2003 maintaining the derogation provided for in Article 6
(3)(a) of Council Regulation (EEC) No 2092/91 with regard
to certain species of seed and vegetative propagating
material and laying down procedural rules and criteria
relating to that derogation (5) and Commission Regulation
(EC) No 223/2003 of 5 February 2003 on labelling
requirements related to the organic production method for
feedingstuffs, compound feedingstuffs and feed materials
and amending Council Regulation (EEC) No 2092/91 (6)
should be repealed and replaced by a new Regulation.

(41) Regulation (EEC) No 2092/91 is repealed by Regulation
(EC) No 834/2007 with effect from 1 January 2009.
However, many of its provisions should, with some
adaptation, continue to apply and should therefore be
adopted in the framework of this Regulation. For the sake
of clarity it is appropriate to set out the correlation between
those provisions of Regulation (EEC) No 2092/91 and the
provisions of this Regulation.

(42) The measures provided for in this Regulation are in
accordance with the opinion of the regulatory Committee
on organic production,

HAS ADOPTED THIS REGULATION:
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TITLE I

INTRODUCTORY PROVISIONS

Article 1

Subject matter and scope

1. This Regulation lays down specific rules on organic
production, labelling and control in respect of products referred
to in Article 1(2) of Regulation (EC) No 834/2007.

2. This Regulation shall not apply to the following products:

(a) products originating from aquaculture;

(b) seaweed;

(c) livestock species other than those referred to in Article 7;

(d) yeasts used as food or feed.

However, Title II, Title III and Title IV shall apply mutatis mutandis
to products referred to in points (a), (b) and (c) of the first
subparagraph until detailed production rules for those products
are laid down on the basis of Regulation (EC) No 834/2007.

Article 2

Definitions

In addition to the definitions laid down in Article 2 of Regulation
(EC) No 834/2007, the following definitions shall apply for the
purposes of this Regulation:

(a) ‘non-organic’: means not coming from or not related to a
production in accordance to Regulation (EC) No 834/2007
and this Regulation;

(b) ‘veterinary medicinal products’: means products as defined
in Article 1(2) of Directive 2001/82/EC of the European
Parliament and of the Council (7) concerning the Commu-
nity code relating to veterinary medicinal products

(c) ‘importer’: means the natural or legal person within the
community who presents a consignment for release for free
circulation into the Community, either in person, or
through a representative;

(d) ‘first consignee’ means the natural or legal person to whom
the imported consignment is delivered and who will receive
it for further preparation and/or marketing;

(e) ‘holding’ means all the production units operated under a
single management for the purpose of producing agricul-
tural products;

(f) ‘production unit’ meaning all assets to be used for a
production sector such as production premises, land

parcels, pasturages, open air areas, livestock buildings, the
premises for the storage of crops, crop products, livestock
products, raw materials and any other input relevant for
this specific production sector;

(g) ‘hydroponic production’ means the method of growing
plants with their roots in a mineral nutrient solution only
or in an inert medium, such as perlite, gravel or mineral
wool to which a nutrient solution is added;

(h) ‘veterinary treatment’ means all courses of a curative or
preventive treatment against one occurrence of a specific
disease;

(i) ‘in-conversion feedingstuffs’ means feedingstuffs produced
during the conversion period to organic production, with
the exclusion of those harvested in the 12 months
following the beginning of the conversion as referred to
in Article 17(1)(a) of Regulation (EC) No 834/2007.

TITLE II

RULES ON PRODUCTION, PROCESSING, PACKAGING,
TRANSPORT AND STORAGE OF ORGANIC PRODUCTS

CHAPTER 1

Plant Production

Article 3

Soil management and fertilisation

1. Where the nutritional needs of plants cannot be met by
measures provided for in Article 12(1)(a), (b) and (c) of
Regulation (EC) No 834/2007, only fertilisers and soil condi-
tioners referred to in Annex I to this Regulation may be used in
organic production and only to the extent necessary. Operators
shall keep documentary evidence of the need to use the product.

2. The total amount of livestock manure, as defined in Council
Directive 91/676/EEC (8) concerning the protection of waters
against pollution caused by nitrates from agricultural sources,
applied on the holding may not exceed 170 kg of nitrogen per
year/hectare of agricultural area used. This limit shall only apply
to the use of farmyard manure, dried farmyard manure and
dehydrated poultry manure, composted animal excrements,
including poultry manure, composted farmyard manure and
liquid animal excrements.

3. Organic-production holdings may establish written cooper-
ation agreements exclusively with other holdings and enterprises
which comply with the organic production rules, with the
intention of spreading surplus manure from organic production.
The maximum limit as referred to in paragraph 2, shall be
calculated on the basis of all of the organic-production units
involved in such cooperation.
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4. Appropriate preparations of micro-organisms may be used
to improve the overall condition of the soil or the availability of
nutrients in the soil or in the crops.

5. For compost activation appropriate plant-based preparations
or preparations of micro-organisms may be used.

Article 4

Prohibition of hydroponic production

Hydroponic production is prohibited.

Article 5

Pest, disease and weed management

1. Where plants cannot be adequately protected from pests and
diseases by measures provided for in Article 12 (1)(a), (b), (c) and
(g) of Regulation (EC) No 834/2007, only products referred to in
Annex II to this Regulation may be used in organic production.
Operators shall keep documentary evidence of the need to use
the product.

2. For products used in traps and dispensers, except pher-
omone dispensers, the traps and/or dispensers, shall prevent the
substances from being released into the environment and
prevent contact between the substances and the crops being
cultivated. The traps shall be collected after use and disposed off
safely.

Article 6

Specific rules on mushroom production

For production of mushrooms, substrates may be used, if they
are composed only of the following components:

(a) farmyard manure and animal excrements:

(i) either from holdings producing according to the
organic production method;

(ii) or referred to in Annex I, only when the product
referred to in point (i) is not available; and when they
do not exceed 25 % of the weight of total components
of the substrate, excluding the covering material and
any added water, before composting;

(b) products of agricultural origin, other than those referred to
in point (a), from holdings producing according to organic
production method;

(c) peat not chemically treated;

(d) wood, not treated with chemical products after felling;

(e) mineral products referred to in Annex I, water and soil.

CHAPTER 2

Livestock production

Article 7

Scope

This Chapter lays down detailed production rules for the
following species: bovine including bubalus and bison, equidae,
porcine, ovine, caprine, poultry (species as mentioned in
Annex III) and bees.

S e c t i o n 1

Or i g i n o f a n ima l s

Article 8

Origin of organic animals

1. In the choice of breeds or strains, account shall be taken of
the capacity of animals to adapt to local conditions, their vitality
and their resistance to disease. In addition, breeds or strains of
animals shall be selected to avoid specific diseases or health
problems associated with some breeds or strains used in
intensive production, such as porcine stress syndrome, PSE
Syndrome (pale-soft-exudative), sudden death, spontaneous
abortion and difficult births requiring caesarean operations.
Preference is to be given to indigenous breeds and strains.

2. For bees, preference shall be given to the use of Apis mellifera
and their local ecotypes.

Article 9

Origin of non-organic animals

1. In accordance with Article 14(1)(a)(ii) of Regulation (EC)
No 834/2007, non-organic animals may be brought onto a
holding for breeding purposes, only when organic animals are
not available in sufficient number and subject to the conditions
provided for in paragraphs 2 to 5 of this Article.

2. Non-organic young mammals, when a herd or flock is
constituted for the first time, shall be reared in accordance with
the organic production rules immediately after they are weaned.
Moreover, the following restrictions shall apply at the date on
which the animals enter the herd:

(a) buffalo, calves and foals shall be less than six months old;

(b) lambs and kids shall be less than 60 days old;

(c) piglets shall weigh less than 35 kg.
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3. Non-organic adult male and nulliparous female mammals,
for the renewal of a herd or flock, shall be reared subsequently in
accordance with the organic production rules. Moreover, the
number of female mammals is subject to the following
restrictions per year:

(a) up to a maximum of 10 % of adult equine or bovine,
including bubalus and bison species, livestock and 20 % of
the adult porcine, ovine and caprine livestock, as female
animals;

(b) for units with less than 10 equine or bovine animals, or
with less than five porcine, ovine or caprine animals any
renewal as mentioned above shall be limited to a maximum
of one animal per year.

This provision of this paragraph will be reviewed in 2012 with a
view to phase it out.

4. The percentages referred to in paragraph 3 may be increased
up to 40 %, subject to prior authorisation by the competent
authority, in the following special cases:

(a) when a major extension to the farm is undertaken;

(b) when a breed is changed;

(c) when a new livestock specialisation is initiated;

(d) when breeds are in danger of being lost to farming as laid
down in Annex IV to Commission Regulation (EC)
No 1974/2006 (9) and in that case animals of those breeds
must not necessarily be nulliparous.

5. For the renovation of apiaries, 10 % per year of the queen
bees and swarms may be replaced by non-organic queen bees
and swarms in the organic production unit provided that the
queen bees and swarms are placed in hives with combs or comb
foundations coming from organic production units.

S e c t i o n 2

L i ve s t o c k hou s i n g and hu s b and r y p r a c t i c e s

Article 10

Rules pertaining to housing conditions

1. Insulation, heating and ventilation of the building shall
ensure that air circulation, dust level, temperature, relative air
humidity and gas concentration, are kept within limits which are
not harmful to the animals. The building shall permit plentiful
natural ventilation and light to enter.

2. Housing for livestock shall not be mandatory in areas with
appropriate climatic conditions to enable animals to live
outdoors.

3. The stocking density in buildings shall provide for the
comfort, the well being and the species-specific needs of the
animals which, in particular, shall depend on the species, the
breed and the age of the animals. It shall also take account of the
behavioural needs of the animals, which depend in particular on
the size of the group and the animals' sex. The density shall
ensure the animals' welfare by providing them with sufficient
space to stand naturally, lie down easily, turn round, groom
themselves, assume all natural postures and make all natural
movements such as stretching and wing flapping.

4. The minimum surface for indoor and outdoor areas, and
other characteristics of housing for different species and
categories of animals, are laid down in Annex III.

Article 11

Specific housing conditions and husbandry practices for
mammals

1. Livestock housing shall have smooth, but not slippery
floors. At least half of the indoor surface area as specified in
Annex III shall be solid, that is, not of slatted or of grid
construction.

2. The housing shall be provided with a comfortable, clean and
dry laying/rest area of sufficient size, consisting of a solid
construction which is not slatted. Ample dry bedding strewn
with litter material shall be provided in the rest area. The litter
shall comprise straw or other suitable natural material. The litter
may be improved and enriched with any mineral product listed
in Annex I.

3. Notwithstanding Article 3(3) of Council Directive 91/629/
EEC (10) the housing of calves in individual boxes shall be
forbidden after the age of one week.

4. Notwithstanding Article 3(8) of Council Directive 91/630/
EEC (11) sows shall be kept in groups, except in the last stages of
pregnancy and during the suckling period.

5. Piglets shall not be kept on flat decks or in piglet cages.

6. Exercise areas shall permit dunging and rooting by porcine
animals. For the purposes of rooting different substrates can be
used.
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Article 12

Specific housing conditions and husbandry practices for
poultry

1. Poultry shall not be kept in cages.

2. Water fowl shall have access to a stream, pond, lake or a
pool whenever the weather and hygienic conditions permit in
order to respect their species-specific needs and animal welfare
requirements.

3. Buildings for all poultry shall meet the following conditions:

(a) at least one third of the floor area shall be solid, that is, not
of slatted or of grid construction, and covered with a litter
material such as straw, wood shavings, sand or turf;

(b) in poultry houses for laying hens, a sufficiently large part of
the floor area available to the hens shall be available for the
collection of bird droppings;

(c) they shall have perches of a size and number commensurate
with the size of the group and of the birds as laid down in
Annex III.

(d) they shall have exit/entry pop-holes of a size adequate for
the birds, and these pop-holes shall have a combined length
of at least 4 m per 100 m2 area of the house available to the
birds;

(e) each poultry house shall not contain more than:

(i) 4 800 chickens,

(ii) 3 000 laying hens,

(iii) 5 200 guinea fowl,

(iv) 4 000 female Muscovy or Peking ducks or 3 200 male
Muscovy or Peking ducks or other ducks,

(v) 2 500 capons, geese or turkeys;

(f) the total usable area of poultry houses for meat production
on any single unit, shall not exceed 1 600 m2;

(g) poultry houses shall be constructed in a manner allowing
all birds easy access to open air area.

4. Natural light may be supplemented by artificial means to
provide a maximum of 16 hours light per day with a continuous
nocturnal rest period without artificial light of at least eight
hours.

5. To prevent the use of intensive rearing methods, poultry
shall either be reared until they reach a minimum age or else shall
come from slow-growing poultry strains. Where slow-growing
poultry strains are not used by the operator the following
minimum age at slaughter shall be:

(a) 81 days for chickens,

(b) 150 days for capons,

(c) 49 days for Peking ducks,

(d) 70 days for female Muscovy ducks,

(e) 84 days for male Muscovy ducks,

(f) 92 days for Mallard ducks,

(g) 94 days for guinea fowl,

(h) 140 days for male turkeys and roasting geese and

(i) 100 days for female turkeys.

The competent authority shall define the criteria of slow-growing
strains or draw up a list thereof and provide this information to
operators, other Member States and the Commission.

Article 13

Specific requirements and housing conditions in
beekeeping

1. The siting of the apiaries shall be such that, within a radius
of 3 km from the apiary site, nectar and pollen sources consist
essentially of organically produced crops and/or spontaneous
vegetation and/or crops treated with low environmental impact
methods equivalent to those as described in Article 36 of
Council Regulation (EC) No 1698/2005 (12) or in Article 22 of
Council Regulation 1257/1999 (13) which cannot affect the
qualification of beekeeping production as being organic. The
above mentioned requirements do not apply where flowering is
not taking place, or the hives are dormant.

2. The Member States may designate regions or areas where
beekeeping complying with organic production rules is not
practicable.

3. The hives shall be made basically of natural materials
presenting no risk of contamination to the environment or the
apiculture products.
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4. The bees wax for new foundations shall come from organic
production units.

5. Without prejudice to Article 25, only natural products such
as propolis, wax and plant oils can be used in the hives.

6. The use of chemical synthetic repellents is prohibited during
honey extractions operations.

7. The use of brood combs is prohibited for honey extraction.

Article 14

Access to open air areas

1. Open air areas may be partially covered.

2. In accordance with Article 14(1)(b)(iii) of Regulation (EC)
No 834/2007 herbivores shall have access to pasturage for
grazing whenever conditions allow.

3. In cases where herbivores have access to pasturage during
the grazing period and where the winter-housing system gives
freedom of movement to the animals, the obligation to provide
open air areas during the winter months may be waived.

4. Notwithstanding paragraph 2, bulls over one year old shall
have access to pasturage or an open air area.

5. Poultry shall have access to an open air area for at least one
third of their life.

6. Open air areas for poultry shall be mainly covered with
vegetation and be provided with protective facilities and permit
fowl to have easy access to adequate numbers of drinking and
feeding troughs.

7. Where poultry are kept indoors due to restrictions or
obligations imposed on the basis of Community legislation, they
shall permanently have access to sufficient quantities of roughage
and suitable material in order to meet their ethological needs.

Article 15

Stocking density

1. The total stocking density shall be such as not to exceed the
limit of 170 kg of nitrogen per year and hectare of agricultural
area as referred to in Article 3(2).

2. To determine the appropriate density of livestock referred to
above, the competent authority shall set out the livestock units
equivalent to the above limit, taking as a guideline, the figures
laid down in Annex IV or the relevant national provisions
adopted pursuant to Directive 91/676/EEC.

Article 16

Prohibition of landless livestock production

Landless livestock production, by which the operator of the
livestock does not manage agricultural land and/or has not
established a written cooperation agreement with another
operator according to Article 3(3), is prohibited.

Article 17

Simultaneous production of organic and non-organic
livestock

1. Non organic livestock may be present on the holding
provided they are reared on units where the buildings and parcels
are separated clearly from the units producing in accordance
with the organic production rules and a different species is
involved.

2. Non-organic livestock may use organic pasturage for a
limited period of time each year, provided that such animals
come from a farming system as defined in paragraph 3(b) and
that organic animals are not present at the same time on that
pasture.

3. Organic animals may be grazed on common land, providing
that:

(a) the land has not been treated with products not authorised
for organic production for at least three years;

(b) any non-organic animals which use the land concerned are
derived from a farming system equivalent to those as
described in Article 36 of Regulation (EC) No 1698/2005
or in Article 22 of Regulation 1257/1999;

(c) any livestock products from organic animals, whilst using
this land, shall not be regarded as being from organic-
production, unless adequate segregation from non-organic
animals can be proved.

4. During the period of transhumance animals may graze on
non-organic land when they are being moved on foot from one
grazing area to another. The uptake of non-organic feed, in the
form of grass and other vegetation on which the animals graze,
during this period shall not exceed 10 % of the total feed ration
per year. This figure shall be calculated as a percentage of the dry
matter of feedingstuffs from agricultural origin.

5. Operators shall keep documentary evidence of the use of
provisions referred to in this Article.
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Article 18

Management of animals

1. Operations such as attaching elastic bands to the tails of
sheep, tail-docking, cutting of teeth, trimming of beaks and
dehorning shall not be carried out routinely in organic farming.
However, some of these operations may be authorised by the
competent authority for reasons of safety or if they are intended
to improve the health, welfare or hygiene of the livestock on a
case-by-case basis.

Any suffering to the animals shall be reduced to a minimum by
applying adequate anaesthesia and/or analgesia and by carrying
out the operation only at the most appropriate age by qualified
personnel.

2. Physical castration is allowed in order to maintain the
quality of products and traditional production practices but only
under the conditions set out in the second subparagraph of
paragraph 1.

3. Mutilation such as clipping the wings of queen bees is
prohibited.

4. Loading and unloading of animals shall be carried out
without the use of any type of electrical stimulation to coerce the
animals. The use of allopathic tranquillisers, prior to or during
transport, is prohibited.

S e c t i o n 3

F e e d

Article 19

Feed from own holding or from other organic holdings

1. In the case of herbivores, except during the period each year
when the animals are under transhumance subject to Article 17
(4), at least 50 % of the feed shall come from the farm unit itself
or in case this is not feasible, be produced in cooperation with
other organic farms primarily in the same region.

2. In the case of bees, at the end of the production season hives
shall be left with sufficient reserves of honey and pollen to
survive the winter.

3. The feeding of bee colonies shall only be permitted where
the survival of the hives is endangered due to climatic conditions
and only between the last honey harvest and 15 days before the
start of the next nectar or honeydew flow period. Feeding shall
be with organic honey, organic sugar syrup, or organic sugar.

Article 20

Feed meeting animals' nutritional requirements

1. All young mammals shall be fed on maternal milk in
preference to natural milk, for a minimum period of three
months for bovines including bubalus and bison species and
equidae, 45 days for sheep and goats and 40 days for pigs.

2. Rearing systems for herbivores are to be based on maximum
use of grazing pasturage according to the availability of pastures
in the different periods of the year. At least 60 % of the dry
matter in daily rations of herbivores shall consist of roughage,
fresh or dried fodder, or silage. A reduction to 50 % for animals
in dairy production for a maximum period of three months in
early lactation is allowed.

3. Roughage, fresh or dried fodder, or silage shall be added to
the daily ration for pigs and poultry.

4. The keeping of livestock in conditions, or on a diet, which
may encourage anaemia, is prohibited.

5. Fattening practices shall be reversible at any stage of the
rearing process. Force-feeding is forbidden.

Article 21

In-conversion feed

1. Up to 30 % of the feed formula of rations on average may
comprise in-conversion feedingstuffs. When the in-conversion
feedingstuffs come from a unit of the holding itself, this
percentage may be increased to 60 %.

2. Up to 20 % of the total average amount of feedingstuffs fed
to the livestock may originate from the grazing or harvesting of
permanent pastures or perennial forage parcels in their first year
of conversion, provided that they are part of the holding itself
and have not been part of an organic production unit of that
holding in the last five years. When both in-conversion
feedingstuffs and feedingstuffs from parcels in their first year
of conversion are being used, the total combined percentage of
such feedingstuffs shall not exceed the maximum percentages
fixed in paragraph 1.

3. The figures in paragraph 1 and 2 shall be calculated annually
as a percentage of the dry matter of feedingstuffs of plant origin.

Article 22

Products and substances referred to in Article 14(1)(d)(iv)
of Regulation (EC) No 834/2007

1. Non-organic feed materials of plant and animal origin may
be used in organic production subject to the restrictions laid
down in Article 43 and only if they are listed in Annex V and the
restrictions laid down therein are complied with.
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2. Organic feed materials of animal origin, and feed materials
of mineral origin may be used in organic production and only if
they are listed in Annex V and the restrictions laid down therein
are complied with.

3. Products and by-products from fisheries may be used in
organic production only if they are listed in Annex V and the
restrictions laid down therein are complied with.

4. Feed additives, certain products used in animal nutrition and
processing aids may be used in organic production only if they
are listed in Annex VI and the restrictions laid down therein are
complied with.

S e c t i o n 4

Di s e a s e p r e ven t i on and ve t e r i n a r y t r e a tmen t

Article 23

Disease prevention

1. The use of chemically synthesised allopathic veterinary
medicinal products or antibiotics for preventive treatment is
prohibited, without prejudice to Article 24(3).

2. The use of substances to promote growth or production
(including antibiotics, coccidiostatics and other artificial aids for
growth promotion purposes) and the use of hormones or similar
substances to control reproduction or for other purposes
(e.g. induction or synchronisation of oestrus), is prohibited.

3. Where livestock is obtained from non-organic units, special
measures such as screening tests or quarantine periods may
apply, depending on local circumstances.

4. Housing, pens, equipment and utensils shall be properly
cleaned and disinfected to prevent cross-infection and the build-
up of disease carrying organisms. Faeces, urine and uneaten or
spilt feed shall be removed as often as necessary to minimise
smell and to avoid attracting insects or rodents.

For the purpose of Article 14(1)(f) of Regulation (EC) No 834/
2007, only products listed in Annex VII may be used for cleaning
and disinfection of livestock buildings installations and utensils.
Rodenticides (to be used only in traps), and the products listed in
Annex II, can be used for the elimination of insects and other
pests in buildings and other installations where livestock is kept.

5. Buildings shall be emptied of livestock between each batch
of poultry reared. The buildings and fittings shall be cleaned and
disinfected during this time. In addition, when the rearing of each
batch of poultry has been completed, runs shall be left empty to

allow vegetation to grow back. Member States shall establish the
period for which runs must be empty. The operator shall keep
documentary evidence of the application of this period. These
requirements shall not apply where poultry is not reared in
batches, is not kept in runs and is free to roam, throughout the
day.

Article 24

Veterinary treatment

1. Where despite preventive measures to ensure animal health
as laid down in Article 14(1)(e)(i) of Regulation (EC) No 834/
2007 animals become sick or injured they shall be treated
immediately, if necessary in isolation and in suitable housing.

2. Phytotherapeutic, homoepathic products, trace elements and
products listed in Annex V, part 3 and in Annex VI, part 1.1.
shall be used in preference to chemically-synthesized allopathic
veterinary treatment or antibiotics, provided that their ther-
apeutic effect is effective for the species of animal, and the
condition for which the treatment is intended.

3. If the use of measures referred to in paragraph 1 and 2 is not
effective in combating illness or injury, and if treatment is
essential to avoid suffering or distress of the animal, chemically-
synthesised allopathic veterinary medicinal products or anti-
biotics may be used under the responsibility of a veterinarian.

4. With the exception of vaccinations, treatments for parasites
and compulsory eradication schemes where an animal or group
of animals receive more than three courses of treatments with
chemically-synthesised allopathic veterinary medicinal products
or antibiotics within 12 months, or more than one course of
treatment if their productive lifecycle is less than one year, the
livestock concerned, or produce derived from them, may not be
sold as organic products, and the livestock shall undergo the
conversion periods laid down in Article 38(1).

Records of documented evidence of the occurrence of such
circumstances shall be kept for the control body or control
authority.

5. The withdrawal period between the last administration of an
allopathic veterinary medicinal product to an animal under
normal conditions of use, and the production of organically
produced foodstuffs from such animals, is to be twice the legal
withdrawal period as referred to in Article 11 of Directive 2001/
82/EC or, in a case in which this period is not specified, 48
hours.
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Article 25

Specific rules on disease prevention and veterinary
treatment in beekeeping

1. For the purposes of protecting frames, hives and combs, in
particular from pests, only rodenticides (to be used only in traps),
and appropriate products listed in Annex II, are permitted.

2. Physical treatments for disinfection of apiaries such as steam
or direct flame are permitted.

3. The practice of destroying the male brood is permitted only
to isolate the infestation of Varroa destructor.

4. If despite all preventive measures, the colonies become sick
or infested, they shall be treated immediately and, if necessary,
the colonies can be placed in isolation apiaries.

5. Veterinary medicinal products may be used in organic
beekeeping in so far as the corresponding use is authorised in the
Member State in accordance with the relevant Community
provisions or national provisions in conformity with Commu-
nity law.

6. Formic acid, lactic acid, acetic acid and oxalic acid as well as
menthol, thymol, eucalyptol or camphor may be used in cases of
infestation with Varroa destructor.

7. If a treatment is applied with chemically synthesised
allopathic products, during such a period, the colonies treated
shall be placed in isolation apiaries and all the wax shall be
replaced with wax coming from organic beekeeping. Subse-
quently, the conversion period of one year laid down in
Article 38(3) will apply to those colonies.

8. The requirements laid down in paragraph 7 shall not apply
to products listed in paragraph 6.

CHAPTER 3

Processed products

Article 26

Rules for the production of processed feed and food

1. Additives, processing aids and other substances and
ingredients used for processing food or feed and any processing
practice applied, such as smoking, shall respect the principles of
good manufacturing practice.

2. Operators producing processed feed or food shall establish
and update appropriate procedures based on a systematic
identification of critical processing steps.

3. The application of the procedures referred to in paragraph 2
shall guarantee at all times that the produced processed products
comply with the organic production rules.

4. Operators shall comply with and implement the procedures
referred to in paragraph 2. In particular, operators shall:

(a) take precautionary measures to avoid the risk of contam-
ination by unauthorised substances or products;

(b) implement suitable cleaning measures, monitor their
effectiveness and record these operations;

(c) guarantee that non-organic products are not placed on the
market with an indication referring to the organic
production method.

5. Further to the provisions laid down in paragraphs 2 and 4,
when non-organic products are also prepared or stored in the
preparation unit concerned, the operator shall:

(a) carry out the operations continuously until the complete
run has been dealt with, separated by place or time from
similar operations performed on non-organic products;

(b) store organic products, before and after the operations,
separate by place or time from non-organic products;

(c) inform the control authority or control body thereof and
keep available an updated register of all operations and
quantities processed;

(d) take the necessary measures to ensure identification of lots
and to avoid mixtures or exchanges with non-organic
products;

(e) carry out operations on organic products only after suitable
cleaning of the production equipment.

Article 27

Use of certain products and substances in processing of
food

1. For the purpose of Article 19(2)(b) of Regulation (EC)
No 834/2007, only the following substances can be used in the
processing of organic food, with the exception of wine:

(a) substances listed in Annex VIII to this Regulation;
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(b) preparations of micro-organisms and enzymes normally
used in food processing;

(c) substances, and products as defined in Articles 1(2)(b)(i)
and 1(2)(c) of Council Directive 88/388/EEC (14) labelled as
natural flavouring substances or natural flavouring prep-
arations, according to Articles 9(1)(d) and (2) of that
Directive.

(d) colours for stamping meat and eggshells in accordance
with, respectively, Article 2(8) and Article 2(9) of European
Parliament and Council Directive 94/36/EC (15);

(e) drinking water and salt (with sodium chloride or potassium
chloride as basic components) generally used in food
processing;

(f) minerals (trace elements included), vitamins, aminoacids,
and micronutrients, only authorised as far their use is
legally required in the foodstuffs in which they are
incorporated.

2. For the purpose of the calculation referred to in Article 23
(4)(a)(ii) of Regulation (EC) No 834/2007,

(a) food additives listed in Annex VIII and marked with an
asterisk in the column of the additive code number, shall be
calculated as ingredients of agricultural origin;

(b) preparations and substances referred to in paragraph (1)(b),
(c),(d),(e) and (f) of this Article and substances not marked
with an asterisk in the column of the additive code number
shall not be calculated as ingredients of agricultural origin.

3. The use of the following substances listed in Annex VIII shall
be re-examined before 31 December 2010:

(a) Sodium nitrite and potassium nitrate in Section A with a
view to withdrawing these additives;

(b) Sulphur dioxide and potassium metabisulphite in Section A;

(c) Hydrochloric acid in Section B for the processing of Gouda,
Edam and Maasdammer cheeses, Boerenkaas, Friese, and
Leidse Nagelkaas.

The re-examination referred to in point (a) shall take account of
the efforts made by Member States to find safe alternatives to
nitrites/nitrates and in establishing educational programmes in
alternative processing methods and hygiene for organic meat
processors/manufacturers.

Article 28

Use of certain non-organic ingredients of agricultural origin
in processing food

For the purpose of Article 19(2)(c) of Regulation (EC) No 834/
2007, non-organic agricultural ingredients listed in Annex IX to
this Regulation can be used in the processing of organic food.

Article 29

Authorisation of non-organic food ingredients of
agricultural origin by Member State

1. Where an ingredient of agricultural origin is not included in
Annex IX to this Regulation, that ingredient may only be used
under the following conditions:

(a) the operator has notified to the competent authority of the
Member State all the requisite evidence showing that the
ingredient concerned is not produced in sufficient quantity
in the Community in accordance with the organic
production rules or cannot be imported from third
countries;

(b) the competent authority of the Member State has
provisionally authorised, the use for a maximum period
of 12 months after having verified that the operator has
undertaken the necessary contacts with suppliers in the
Community to ensure himself of the unavailability of the
ingredients concerned with the required quality require-
ments;

(c) no decision has been taken, in accordance with the
provisions of paragraphs 3 or 4 that a granted authorisation
with regard to the ingredient concerned shall be withdrawn.

The Member State may prolong the authorisation provided for in
point (b) a maximum of three times for 12 months each.

2. Where an authorisation as referred to in paragraph 1 has
been granted, the Member State shall immediately notify to the
other Member States and to the Commission, the following
information:

(a) the date of the authorisation and in case of a prolonged
authorisation, the date of the first authorisation;

(b) the name, address, telephone, and where relevant, fax and e-
mail of the holder of the authorisation; the name and
address of the contact point of the authority which granted
the authorisation;

(c) the name and, where necessary, the precise description and
quality requirements of the ingredient of agricultural origin
concerned;
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(d) the type of products for the preparation of which the
requested ingredient is necessary;

(e) the quantities that are required and the justification for
those quantities;

(f) the reasons for, and expected period of, the shortage;

(g) the date on which the Member State sends this notification
to the other Member States and the Commission. The
Commission and/or Member States may make this
information available to the public.

3. Where a Member State submits comments to the Commis-
sion and to the Member State which granted the authorisation,
which show that supplies are available during the period of the
shortage, the Member State shall consider withdrawal of the
authorisation or reducing the envisaged period of validity, and
shall inform the Commission and the other Member States of the
measures it has taken or will take, within 15 working days from
the date of receipt of the information.

4. At the request of a Member State or at the Commission's
initiative, the matter shall be submitted for examination to the
Committee set up in accordance with Article 37 of Regulation
(EC) No 834/2007. It may be decided, in accordance with the
procedure laid down in paragraph 2 of that Article, that a
previously granted authorisation shall be withdrawn or its period
of validity amended, or where appropriate, that the ingredient
concerned shall be included in Annex IX to this Regulation.

5. In case of an extension as referred to in the second
subparagraph of paragraph 1, the procedures of paragraphs 2
and 3 shall apply.

CHAPTER 4

Collection, packaging, transport and storage of products

Article 30

Collection of products and transport to preparation units

Operators may carry out simultaneous collection of organic and
non-organic products, only where appropriate measures are
taken to prevent any possible mixture or exchange with non-
organic products and to ensure the identification of the organic
products. The operator shall keep the information relating to
collection days, hours, circuit and date and time of reception of
the products available to the control body or control authority.

Article 31

Packaging and transport of products to other operators or
units

1. Operators shall ensure that organic products are transported
to other units, including wholesalers and retailers, only in

appropriate packaging, containers or vehicles closed in such a
manner that substitution of the content cannot be achieved
without manipulation or damage of the seal and provided with a
label stating, without prejudice to any other indications required
by law:

(a) the name and address of the operator and, where different,
of the owner or seller of the product;

(b) the name of the product or a description of the compound
feedingstuff accompanied by a reference to the organic
production method;

(c) the name and/or the code number of the control body or
authority to which the operator is subject; and

(d) where relevant, the lot identification mark according to a
marking system either approved at national level or agreed
with the control body or authority and which permits to
link the lot with the accounts referred to in Article 66.

The information referred to in points (a) to (d) of the first
subparagraph may also be presented on an accompanying
document, if such a document can be undeniably linked with the
packaging, container or vehicular transport of the product. This
accompanying document shall include information on the
supplier and/or the transporter.

2. The closing of packaging, containers or vehicles shall not be
required where:

(a) transportation is direct between an operator and another
operator who are both subject to the organic control
system, and

(b) the products are accompanied by a document giving the
information required under paragraph 1, and

(c) both the expediting and the receiving operators shall keep
documentary records of such transport operations available
for the control body or control authority of such transport
operations.

Article 32

Special rules for transporting feed to other production/
preparation units or storage premises

In addition to the provisions of Article 31, when transporting
feed to other production or preparation units or storage
premises, operators shall ensure that the following conditions
are met:

(a) during transport, organically-produced feed, in-conversion
feed, and non-organic feed shall be effectively physically
separated;
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(b) the vehicles and/or containers which have transported non-
organic products are used to transport organic products
provided that:

(i) suitable cleaning measures, the effectiveness of which
has been checked, have been carried out before
commencing the transport of organic products;
operators shall record these operations,

(ii) all appropriate measures are implemented, depending
on the risks evaluated in accordance with Article 88
(3) and, where necessary, operators shall guarantee
that non-organic products cannot be placed on the
market with an indication referring to organic
production,

(iii) the operator shall keep documentary records of such
transport operations available for the control body or
control authority;

(c) the transport of finished organic feed shall be separated
physically or in time from the transport of other finished
products;

(d) during transport, the quantity of products at the start and
each individual quantity delivered in the course of a delivery
round shall be recorded.

Article 33

Reception of products from other units and other operators

On receipt of an organic product, the operator shall check the
closing of the packaging or container where it is required and the
presence of the indications provided to in Article 31.

The operator shall crosscheck the information on the label
referred to in Article 31 with the information on the
accompanying documents. The result of these verifications shall
be explicitly mentioned in the documentary accounts referred to
in Article 66.

Article 34

Special rules for the reception of products from a third
country

Organic products shall be imported from a third country in
appropriate packaging or containers, closed in a manner
preventing substitution of the content and provided with
identification of the exporter and with any other marks and
numbers serving to identify the lot and with the certificate of
control for import from third countries as appropriate.

On receipt of an organic product, imported from a third country,
the first consignee shall check the closing of the packaging or

container and, in the case of products imported in accordance
with Article 33 of Regulation (EC) No 834/2007, shall check that
the certificate mentioned in that Article covers the type of
product contained in the consignment. The result of this
verification shall be explicitly mentioned in the documentary
accounts referred to in Article 66 of this Regulation.

Article 35

Storage of products

1. For the storage of products, areas shall be managed in such a
way as to ensure identification of lots and to avoid any mixing
with or contamination by products and/or substances not in
compliance with the organic production rules. Organic products
shall be clearly identifiable at all times.

2. In case of organic plant and livestock production units,
storage of input products other than those authorised under this
Regulation is prohibited in the production unit.

3. The storage of allopathic veterinary medicinal products and
antibiotics is permitted on holdings provided that they have been
prescribed by a veterinarian in connection with treatment as
referred to in Article 14(1)(e)(ii) of Regulation (EC) No 834/
2007, that they are stored in a supervised location and that they
are entered in the livestock record as referred to in Article 76 of
this Regulation.

4. In case where operators handle both non-organic products
and organic products and the latter are stored in storage facilities
in which also other agricultural products or foodstuffs are stored:

(a) the organic products shall be kept separate from the other
agricultural products and/or foodstuffs;

(b) every measure shall be taken to ensure identification of
consignments and to avoid mixtures or exchanges with
non-organic products;

(c) suitable cleaning measures, the effectiveness of which has
been checked, have been carried out before the storage of
organic products; operators shall record these operations.

CHAPTER 5

Conversion rules

Article 36

Plant and plant products

1. For plants and plant products to be considered organic, the
production rules as referred to in Articles 9, 10, 11 and 12 of
Regulation (EC) No 834/2007 and Chapter 1 of this Regulation
and where applicable the exceptional production rules in

18.9.2008 EN Official Journal of the European Union L 250/17



Chapter 6 of this Regulation must have been applied on the
parcels during a conversion period of at least two years before
sowing, or, in the case of grassland or perennial forage, at least
two years before its use as feed from organic farming, or, in the
case of perennial crops other than forage, at least three years
before the first harvest of organic products.

2. The competent authority may decide to recognise retro-
actively as being part of the conversion period any previous
period in which:

(a) the land parcels were subject of measures defined in a
programme implemented pursuant to Regulations (EC) No
1257/99, (EC) No 1698/2005, or in another official
programme, provided that the measures concerned ensure
that products not authorised for organic production have
not been used on those parcels, or

(b) the parcels were natural or agricultural areas which were
not treated with products not authorised for organic
production.

The period referred to in point (b) of the first subparagraph can
be taken into consideration retroactively only where satisfactory
proof has been furnished to the competent authority allowing it
to satisfy itself that the conditions were met for a period of at
least three years.

3. The competent authority may decide, in certain cases, where
the land had been contaminated with products not authorised
for organic production, to extend the conversion period beyond
the period referred to in paragraph 1.

4. In the case of parcels which have already been converted to
or were in the process of conversion to organic farming, and
which are treated with a product not authorised for organic
production, the Member State may shorten the conversion
period referred to in paragraph 1 in the following two cases:

(a) parcels treated with a product not authorised for organic
production as part of a compulsory disease or pest control
measure imposed by the competent authority of the
Member State;

(b) parcels treated with a product not authorised for organic
production as part of scientific tests approved by the
competent authority of the Member State.

In the cases provided for in points (a) and (b) of the first
subparagraph, the length of the conversion period shall be fixed
taking into account of the following factors:

(a) the process of degradation of the product concerned shall
guarantee, at the end of the conversion period, an
insignificant level of residues in the soil and, in the case
of a perennial crop, in the plant;

(b) the harvest following the treatment may not be sold with
reference to organic production methods.

The Member State concerned shall inform the other Member
States and the Commission of its decision to require compulsory
measures.

Article 37

Specific conversion rules for land associated with organic
livestock production

1. The conversion rules as referred to in Article 36 of this
Regulation shall apply to the whole area of the production unit
on which animal feed is produced.

2. Notwithstanding the provisions in paragraph 1, the
conversion period may be reduced to one year for pasturages
and open air areas used by non-herbivore species. This period
may be reduced to six months where the land concerned has not
during the last year, received treatments with products not
authorised for organic production.

Article 38

Livestock and livestock products

1. Where non-organic livestock has been brought onto a
holding in accordance with Article 14(1)(a)(ii) of Regulation (EC)
No 834/2007 and Article 9 and/or Article 42 of this Regulation
and if livestock products are to be sold as organic products, the
production rules as referred to in Articles 9, 10, 11 and 14 of
Regulation (EC) No 834/2007 and in Chapter 2 of Title II and
where applicable in Article 42 of this Regulation must have been
applied for at least:

(a) 12 months in the case of equidae and bovines, including
bubalus and bison species, for meat production, and in any
case at least three quarters of their lifetime;

(b) six months in the case of small ruminants and pigs and
animals for milk production;

(c) 10 weeks for poultry for meat production, brought in
before they are three days old;

(d) six weeks in the case of poultry for egg production.

2. Where non-organic animals exist on a holding at the
beginning of the conversion period in accordance with Article 14
(1)(a)(iii) of Regulation (EC) No 834/2007 their products may be
deemed organic if there is simultaneous conversion of the
complete production unit, including livestock, pasturage and/or
any land used for animal feed. The total combined conversion
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period for both existing animals and their offspring, pasturage
and/or any land used for animal feed, may be reduced to 24
months, if the animals are mainly fed with products from the
production unit.

3. Beekeeping products can be sold with references to the
organic production method only when the organic production
rules have been complied with for at least one year.

4. The conversion period for apiaries does not apply in the case
of application of Article 9(5) of this Regulation.

5. During the conversion period the wax shall be replaced with
wax coming from organic beekeeping.

CHAPTER 6

Exceptional production rules

S e c t i o n 1

Exc ep t i on a l p r odu c t i o n r u l e s r e l a t e d t o
c l ima t i c , g e o g r a ph i c a l o r s t r u c t u r a l
c on s t r a i n t s i n a c c o r d an c e w i t h A r t i -

c l e 2 2 ( 2 ) ( a ) o f R e gu l a t i o n ( EC ) No 834 / 2 007

Article 39

Tethering of animals

Where the conditions laid down in Article 22(2)(a) of Regulation
(EC) No 834/2007 apply, competent authorities may authorise
cattle in small holdings to be tethered if it is not possible to keep
the cattle in groups appropriate to their behaviour requirements,
provided they have access to pastures during the grazing period
according to Article 14(2), and at least twice a week access to
open air areas when grazing is not possible.

Article 40

Parallel production

1. Where the conditions laid down in Article 22(2)(a) of
Regulation (EC) No 834/2007 apply, a producer may run organic
and non-organic production units in the same area:

(a) in the case of the production of perennial crops, which
require a cultivation period of at least three years, where
varieties cannot be easily differentiated, provided the
following conditions are met:

(i) the production in question forms part of a conversion
plan in respect of which the producer gives a firm
undertaking and which provides for the beginning of
the conversion of the last part of the area concerned
to organic production in the shortest possible period

which may not in any event exceed a maximum of five
years;

(ii) appropriate measures have been taken to ensure the
permanent separation of the products obtained from
each unit concerned;

(iii) the control authority or control body is notified of the
harvest of each of the products concerned at least 48
hours in advance;

(iv) upon completion of the harvest, the producer informs
the control authority or control body of the exact
quantities harvested on the units concerned and of the
measures applied to separate the products;

(v) the conversion plan and the control measures referred
to in Chapter 1 and 2 of Title IV have been approved
by the competent authority; this approval shall be
confirmed each year after the start of the conversion
plan;

(b) in the case of areas intended for agricultural research or
formal education agreed by the Member States' competent
authorities and provided the conditions set out in point (a)
(ii)(iii)(iv) and the relevant part of point (v) are met;

(c) in the case of production of seed, vegetative propagating
material and transplants and provided the conditions set
out in point (a)(ii)(iii)(iv) and the relevant part of point (v)
are met;

(d) in the case of grassland exclusively used for grazing.

2. The competent authority may authorise holdings carrying
out agricultural research or formal education to rear organic and
non-organic livestock of the same species, where the following
conditions are met:

(a) appropriate measures, notified in advance to the control
authority or control body, have been taken in order to
guarantee the permanent separation between livestock,
livestock products, manure and feedingstuffs of each of the
units;

(b) the producer informs the control authority or control body
in advance of any delivery or selling of the livestock or
livestock products;

(c) the operator informs the control authority or control body
of the exact quantities produced in the units together with
all characteristics permitting the identification of the
products and confirms that the measures taken to separate
the products have been applied.
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Article 41

Management of beekeeping units for the purpose of
pollination

Where the conditions laid down in Article 22(2)(a) of Regulation
(EC) No 834/2007 apply, for the purpose of pollination actions
an operator may run organic and non-organic beekeeping units
on the same holding, provided that all the requirements of the
organic production rules are fulfilled, with the exception of the
provisions for the siting of the apiaries. In that case the product
cannot be sold as organic.

The operator shall keep documentary evidence of the use of this
provision.

S e c t i o n 2

Ex c ep t i on a l p r odu c t i o n r u l e s r e l a t e d t o non -
a v a i l a b i l i t y o f o r g a n i c f a rm i npu t s i n
a c c o r d an c e w i t h A r t i c l e 2 2 ( 2 ) ( b ) o f

R e gu l a t i o n ( EC ) No 834 / 2 007

Article 42

Use of non-organic animals

Where the conditions laid down in Article 22(2)(b) of Regulation
(EC) No 834/2007 apply, and with prior authorisation of the
competent authority,

(a) when a flock is constituted for the first time, renewed or
reconstituted and organically reared poultry are not
available in sufficient numbers, non-organically reared
poultry may be brought into an organic poultry production
unit, provided that the pullets for the production of eggs
and poultry for meat production are less than three days
old;

(b) non-organically reared pullets for egg production of not
more than 18 weeks may be brought into an organic
livestock unit until 31 December 2011, when organically
reared pullets are not available and provided that the
relevant provisions laid down in Section 3 and 4 of
Chapter 2 are complied with.

Article 43

Use of non-organic feed of agricultural origin

Where the conditions laid down in Article 22(2)(b) of Regulation
(EC) No 834/2007 apply, the use of a limited proportion of non-
organic feed of plant and animal origin is allowed where farmers
are unable to obtain feed exclusively from organic production.

The maximum percentage of non-organic feed authorised per
period of 12 months for species other than herbivores shall be:

(a) 10 % during the period from 1 January 2009 to
31 December 2009;

(b) 5 % during the period from 1 January 2010 to 31 Decem-
ber 2011.

The figures shall be calculated annually as a percentage of the dry
matter of feed from agricultural origin. The maximum
percentage authorised of non-organic feed in the daily ration
shall be 25 % calculated as a percentage of the dry matter.

The operator shall keep documentary evidence of the need for
the use of this provision.

Article 44

Use of non-organic beeswax

In the case of new installations or during the conversion period,
non-organic beeswax may be used only

(a) where beeswax from organic beekeeping is not available on
the market;

(b) where it is proven free of contamination by substances not
authorised for organic production; and

(c) provided that it comes from the cap.

Article 45

Use of seed or vegetative propagating material not obtained
by the organic production method

1. Where the conditions laid down in Article 22(2)(b) of
Regulation (EC) No 834/2007 apply,

(a) seed and vegetative propagating material from a production
unit in conversion to organic farming may be used,

(b) where point (a) is not applicable, Member States may
authorise the use of non-organic seed or vegetative
propagating material if not available from organic produc-
tion. However, for the use of non-organic seed and seed
potatoes the following paragraphs (2) to (9) apply.

2. Non-organic seed and seed potatoes may be used, provided
that the seed or seed potatoes are not treated with plant
protection products, other than those authorised for treatment of
seed in accordance with Article 5(1), unless chemical treatment is
prescribed in accordance with Council Directive 2000/29/EC (16)
for phytosanitary purposes by the competent authority of the
Member State for all varieties of a given species in the area where
the seed or seed potatoes are to be used.
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3. Species for which it is established that organically produced
seed or seed potatoes are available in sufficient quantities and for
a significant number of varieties in all parts of the Community
are set out in Annex X.

The species listed in Annex X may not be subject of
authorisations pursuant to paragraph 1(b), unless these are
justified by one of the purposes referred to in paragraph 5(d).

4. Member States may delegate the responsibility for granting
the authorisation referred to in paragraph 1(b) to another public
administration under their supervision or to the control
authorities or control bodies referred to in Article 27 of
Regulation (EC) No 834/2007.

5. Authorisation to use seed or seed potatoes not obtained by
the organic production method may only be granted in the
following cases:

(a) where no variety of the species which the user wants to
obtain is registered in the database referred to in Article 48;

(b) where no supplier, meaning an operator who markets seed
or seed potatoes to other operators, is able to deliver the
seed or seed potatoes before sowing or planting in
situations where the user has ordered the seed or seed
potatoes in reasonable time;

(c) where the variety which the user wants to obtain is not
registered in the database referred to in Article 48, and the
user is able to demonstrate that none of the registered
alternatives of the same species are appropriate and that the
authorisation therefore is significant for his production;

(d) where it is justified for use in research, test in small-scale
field trials or for variety conservation purposes agreed by
the competent authority of the Member State.

6. The authorisation shall be granted before the sowing of the
crop.

7. The authorisation shall be granted only to individual users
for one season at a time and the authority or body responsible
for the authorisations shall register the quantities of seed or seed
potatoes authorised.

8. By way of derogation from paragraph 7, the competent
authority of the Member State may grant to all users a general
authorisation:

(a) for a given species when and in so far as the condition laid
down in paragraph 5(a) is fulfilled;

(b) for a given variety when and in so far as the conditions laid
down in paragraph 5(c) are fulfilled.

The authorisations referred to in the first subparagraph shall be
clearly indicated in the database referred to in Article 48.

9. Authorisation may only be granted during periods for which
the database is updated in accordance with Article 49(3).

S e c t i o n 3

Exc ep t i on a l p r odu c t i o n r u l e s r e l a t e d t o
s p e c i f i c man a g emen t p r ob l ems i n o r g an i c

l i v e s t o c k i n a c co r d an c e w i t h A r t i -
c l e 2 2 ( 2 ) ( d ) o f R e gu l a t i o n ( EC ) No 834 / 2 007

Article 46

Specific management problems in organic livestock

The final fattening phase of adult bovines for meat production
may take place indoors, provided that this indoors period does
not exceed one fifth of their lifetime and in any case for a
maximum period of three months.

S e c t i o n 4

Exc ep t i on a l p r odu c t i o n r u l e s r e l a t e d t o
c a t a s t r oph i c c i r c ums t a n c e s i n a c c o r d an c e

w i t h A r t i c l e 2 2 ( 2 ) ( f ) o f R e gu l a t i o n ( EC ) No
834 / 2 007

Article 47

Catastrophic circumstances

The competent authority may authorise on a temporary basis:

(a) in the case of high mortality of animals caused by health or
catastrophic circumstances, the renewal or reconstitution of
the herd or flock with non-organic animals, when
organically reared animals are not available;

(b) in case of high mortality of bees caused by health or
catastrophic circumstances, the reconstitution of the
apiaries with non-organic bees, when organic apiaries are
not available;

(c) the use of non-organic feedingstuffs for a limited period
and in relation to a specific area by individual operators,
when forage production is lost or when restrictions are
imposed, in particular as a result of exceptional meteor-
ological conditions, the outbreak of infectious diseases, the
contamination with toxic substances, or as a consequence
of fires;

(d) the feeding of bees with organic honey, organic sugar or
organic sugar syrup in case of long lasting exceptional
weather conditions or catastrophic circumstances, which
hamper the nectar or honeydew production.
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Upon approval by the competent authority, the individual
operators shall keep documentary evidence of the use of the
above exceptions. Member States shall inform each other and the
Commission on the exceptions they have granted under point (c)
of the first subparagraph within 1 month from its approval.

CHAPTER 7

Seed data base

Article 48

Database

1. Each Member State shall ensure that a computerised
database is established for the listing of the varieties for which
seed or seed potatoes obtained by the organic production
method are available on its territory.

2. The database shall be managed either by the competent
authority of the Member State or by an authority or body
designated for this purpose by the Member State, hereinafter
referred to as ‘manager of the database’. Member States may also
designate an authority or a private body in another country.

3. Each Member State shall inform the Commission and the
other Member States of the authority or private body designated
to manage the database.

Article 49

Registration

1. Varieties for which seed or seed potatoes produced by the
organic production method are available shall be registered in the
database referred to in Article 48 at the request of the supplier.

2. Any variety which has not been registered in the database
shall be considered as unavailable with regard to Article 45(5).

3. Each Member State shall decide in which period of the year
the database has to be regularly updated for each species or
group of species cultivated on its territory. The database shall
hold information with regard to that decision.

Article 50

Conditions for registration

1. For registration, the supplier shall:

(a) demonstrate that he or the last operator, in cases where the
supplier is only dealing with pre-packaged seed or seed
potatoes, has been subject to the control system referred to
in Article 27 of Regulation (EC) No 834/2007;

(b) demonstrate that the seed or seed potatoes to be placed on
the market comply with the general requirements applic-
able to seed and seed potatoes;

(c) make available all the information required under Article 51
of this Regulation, and undertake to update this informa-
tion at the request of the manager of the database or
whenever such updating is necessary to ensure that the
information remains reliable.

2. The manager of the database may, with the approval by the
competent authority of the Member State, refuse a supplier's
application for registration or delete a previously accepted
registration if the supplier does not comply with the require-
ments set out in paragraph 1.

Article 51

Registered information

1. For each registered variety and for each supplier, the
database referred to in Article 48 shall contain at least the
following information:

(a) the scientific name of the species and the variety
denomination;

(b) the name and contact details of the supplier or his
representative;

(c) the area where the supplier can deliver the seed or seed
potatoes to the user in the usual time needed for the
delivery;

(d) the country or region in which the variety is tested and
approved for the purpose of the common catalogues of
varieties of agricultural plant species and vegetable species
as defined in Council Directives 2002/53/EC on the
common catalogue of varieties of agricultural plant
species (17) and 2002/55/EC on the marketing of vegetable
seed (18);

(e) the date from which the seed or seed potatoes will be
available;

(f) the name and/or code number of the control authority or
control body in charge of the control of the operator as
referred to in Article 27 of Regulation (EC) No 834/2007.

2. The supplier shall immediately inform the manager of the
database if any of the registered varieties are no longer available.
The amendments shall be recorded in the database.
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3. Besides the information specified in paragraph 1, the
database shall contain a list of the species listed in Annex X.

Article 52

Access to information

1. The information in the database referred to in Article 48
shall be available through the Internet, free of cost, to the users of
seed or seed potatoes and to the public. Member States may
decide that any user who has notified its activity in accordance
with Article 28(1)(a) of Regulation (EC) No 834/2007 may
obtain, on request, an extract of data concerning one or several
groups of species from the database manager.

2. The Member States shall ensure that all users referred to in
paragraph 1 are informed, at least once a year, about the system
and how to obtain the information in the database.

Article 53

Registration fee

Each registration may be subject to the levying of a fee, which
shall represent the cost of inserting and maintaining the
information in the database referred to in Article 48. The
competent authority of the Member State shall approve the
amount of the fee charged by the manager of the database.

Article 54

Annual report

1. The authorities or bodies designated to grant authorisations
in accordance with Article 45 shall register all authorisations,
and shall make this information available in a report to the
competent authority of the Member State and to the manager of
the database.

The report shall contain, for each species concerned by an
authorisation according to Article 45(5), the following informa-
tion:

(a) the scientific name of the species and the variety
denomination;

(b) the justification for the authorisation indicated by a
reference to Article 45(5)(a), (b), (c) or (d);

(c) the total number of authorisations;

(d) the total quantity of seed or seed potatoes involved;

(e) the chemical treatment for phytosanitary purposes, as
referred to in Article 45(2).

2. For authorisations according to Article 45(8) the report shall
contain the information referred to in point (a) of the second
subparagraph of paragraph 1 of this Article and the period for
which the authorisations were in force.

Article 55

Summary report

The competent authority of the Member State shall, before
31 March each year, collect the reports and send a summary
report covering all authorisations of the Member State from the
previous calendar year to the Commission and to the other
Member States. The report shall cover the information specified
in Article 54. The information shall be published in the database
referred to in Article 48. The competent authority may delegate
the task of collecting the reports to the manager of the database.

Article 56

Information upon request

Upon request from a Member State or the Commission, detailed
information on authorisations granted in individual cases shall
be made available to other Member States or to the Commission.

TITLE III

LABELLING

CHAPTER 1

Community Logo

Article 57

Community logo

In accordance with Article 25(3) of Regulation (EC) No 834/
2007, the Community logo shall follow the model in Annex XI
to this Regulation.

The Community logo shall be used in accordance with the
technical reproduction rules laid down in Annex XI to this
Regulation.

Article 58

Conditions for the use of the code number and place of
origin

1. The indication of the code number of the control authority
or control body referred to in Article 24(1)(a) of Regulation (EC)
834/2007 shall,

(a) start with the acronym identifying the Member State or the
third country, as referred to in the international standard
for the two letter country codes under ISO 3166 (Codes for
the representation of names of countries and their subdivisions);

(b) include a term which establishes a link with the organic
production method, as referred to in Article 23(1) of
Regulation (EC) No 834/2007;

(c) include a reference number to be decided by the competent
authority; and

(d) be placed immediately below the Community logo, where
the Community logo is used in the labelling.
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2. The indication of the place where the agricultural raw
materials of which the products is composed have been farmed,
as referred to in Article 24(1)(c) of Regulation (EC) 834/2007,
shall be placed immediately below the code number referred to
in paragraph 1.

CHAPTER 2

Specific labelling requirements for feed

Article 59

Scope, use of trade marks and sales descriptions

This Chapter shall not apply to pet food and feed for fur animals
or feed for aquaculture animals.

The trade marks and sales descriptions bearing an indication
referred to in Article 23(1) of Regulation (EC) No 834/2007 may
be used only if at least 95 % of the product's dry matter is
comprised of feed material from the organic production method.

Article 60

Indications on processed feed

1. Without prejudice to Articles 61 and 59, second paragraph
of this Regulation, the terms referred to in Article 23(1) of
Regulation (EC) 834/2007 may be used on processed feed
provided that:

(a) the processed feed complies with the provisions of
Regulation (EC) 834/2007 and in particular with Article 14
(1) (d) (iv) and (v) and Article 18 thereof;

(b) the processed feed complies with the provisions of this
Regulation and in particular with Articles 22 and 26
thereof;

(c) at least 95 % of the product's dry matter is organic.

2. Subject to the requirements laid down in points (a) and (b) of
paragraph 1, the following statement is permitted in the case of
products comprising variable quantities of feed materials from
the organic production method and/or feed materials from
products in conversion to organic farming and/or non-organic
materials:

‘may be used in organic production in accordance with
Regulations (EC) 834/2007 and (EC) 889/2008’

Article 61

Conditions for the use of indications on processed feed

1. The indication provided for in Article 60 shall be:

(a) separate from the wording referred to in Article 5 of
Council Directive 79/373/EEC (19) or in Article 5(1) of
Council Directive 96/25/EC (20);

(b) presented in a colour, format or character font that does not
draw more attention to it than to the description or name
of the animal feedingstuff referred to in Article 5(1)(a) of
Directive 79/373/EEC or in Article 5(1)(b) of Directive 96/
25/EC respectively;

(c) accompanied, in the same field of vision, by an indication
by weight of dry matter referring:

(i) to the percentage of feed material(s) from the organic
production method;

(ii) to the percentage of feed material(s) from products in
conversion to organic farming;

(iii) to the percentage of feed material(s) not covered by
points (i) and (ii);

(iv) to the total percentage of animal feed of agricultural
origin;

(d) accompanied by a list of names of feed materials from the
organic production method;

(e) accompanied by a list of names of feed materials from
products in conversion to organic production.

2. The indication provided for in Article 60 may be also
accompanied by a reference to the requirement to use the
feedingstuffs in accordance with Articles 21 and 22.

CHAPTER 3

Other specific labelling requirements

Article 62

In-conversion products of plant origin

In-conversion products of plant origin may bear the indication
‘product under conversion to organic farming’ provided that:

(a) a conversion period of at least 12 months before the
harvest has been complied with;
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(b) the indication shall appear in a colour, size and style of
lettering which is not more prominent than the sales
description of the product, the entire indication shall have
the same size of letters;

(c) the product contains only one crop ingredient of
agricultural origin;

(d) the indication is linked to the code number of the control
body or control authority as referred to in Article 27(10) of
Regulation 834/2007.

TITLE IV

CONTROLS

CHAPTER 1

Minimum control requirements

Article 63

Control arrangements and undertaking by the operator

1. When the control arrangements are first implemented, the
operator shall draw up and subsequently maintain:

(a) a full description of the unit and/or premises and/or
activity;

(b) all the practical measures to be taken at the level of the unit
and/or premises and/or activity to ensure compliance with
the organic production rules;

(c) the precautionary measures to be taken in order to reduce
the risk of contamination by unauthorised products or
substances and the cleaning measures to be taken in storage
places and throughout the operator's production chain.

Where appropriate, the description and measures provided for in
the first subparagraph may be part of a quality system as set up
by the operator.

2. The description and the measures referred to in paragraph 1
shall be contained in a declaration, signed by the responsible
operator. In addition, this declaration shall include an under-
taking by the operator:

(a) to perform the operations in accordance with the organic
production rules;

(b) to accept, in the event of infringement or irregularities, the
enforcement of the measures of the organic production
rules;

(c) to undertake to inform in writing the buyers of the product
in order to ensure that the indications referring to the
organic production method are removed from this
production.

The declaration provided for in the first subparagraph shall be
verified by the control body or control authority that issues a
report identifying the possible deficiencies and non-compliances
with the organic production rules. The operator shall countersign
this report and take the necessary corrective measures.

3. For the application of Article 28(1) of Regulation (EC)
No 834/2007 the operator shall notify the following information
to the competent authority:

(a) Name and address of operator;

(b) Location of premises and, where appropriate, parcels (land
register data) where operations are carried out;

(c) Nature of operations and products;

(d) Undertaking by the operator to carry out the operation in
accordance with the provision laid down in Regulation (EC)
No 834/2007 and this Regulation;

(e) In the case of an agricultural holding, the date on which the
producer ceased to apply products not authorised for
organic production on the parcels concerned;

(f) The name of the approved body to which the operator
entrusted control of his undertaking, where the Member
State has implemented the control system by approving
such bodies.

Article 64

Modification of control arrangements

The operator responsible shall notify any change in the
description or of the measures referred to in Article 63 and in
the initial control arrangements set out in Articles 70, 74, 80,
82, 86 and 88 to the control authority or control body in due
time.

Article 65

Control visits

1. The control authority or control body shall carry out at least
once a year a physical inspection of all operators.

2. The control authority or control body may take samples for
testing of products not authorised for organic production or for
checking production techniques not in conformity with the
organic production rules. Samples may also be taken and
analysed for detecting possible contamination by products not
authorised for organic production. However, such analysis shall
be carried out where the use of products not authorised for
organic production is suspected.
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3. A control report shall be drawn up after each visit,
countersigned by the operator of the unit or his representative.

4. Moreover, the control authority or control body shall carry
out random control visits, primarily unannounced, based on the
general evaluation of the risk of non-compliance with the
organic production rules, taking into account at least the results
of previous controls, the quantity of products concerned and the
risk for exchange of products.

Article 66

Documentary accounts

1. Stock and financial records shall be kept in the unit or
premises and shall enable the operator to identify and the control
authority or control body to verify:

(a) the supplier and, where different, the seller, or the exporter
of the products;

(b) the nature and the quantities of organic products delivered
to the unit and, where relevant, of all materials bought and
the use of such materials, and, where relevant, the
composition of the compound feedingstuffs;

(c) the nature and the quantities of organic products held in
storage at the premises;

(d) the nature, the quantities and the consignees and, where
different, the buyers, other than the final consumers, of any
products which have left the unit or the first consignee's
premises or storage facilities;

(e) in case of operators who do not store or physically handle
such organic products, the nature and the quantities of
organic products bought and sold, and the suppliers, and
where different, the sellers or the exporters and the buyers,
and where different, the consignees.

2. The documentary accounts shall also comprise the results of
the verification at reception of organic products and any other
information required by the control authority or control body
for the purpose of proper control. The data in the accounts shall
be documented with appropriate justification documents. The
accounts shall demonstrate the balance between the input and
the output.

3. Where an operator runs several production units in the
same area, the units for non organic products, together with
storage premises for input products must also be subject to the
minimum control requirements.

Article 67

Access to facilities

1. The operator shall:

(a) give the control authority or control body, for control
purposes, access to all parts of the unit and all premises, as
well as to the accounts and relevant supporting documents;

(b) provide the control authority or control body with any
information reasonably necessary for the purposes of the
control;

(c) submit, when requested by the control authority or control
body, the results of its own quality assurance programmes.

2. In addition to the requirements set out in paragraph 1,
importers and first consignees shall submit the information on
imported consignments referred to in Article 84.

Article 68

Documentary evidence

For the purpose of the application of Article 29(1) of Regulation
(EC) No 834/2007 the control authorities and the control bodies
shall use the model of the documentary evidence set out in
Annex XII to this Regulation.

Article 69

Vendor declaration

For the purpose of the application of Article 9(3) of Regulation
(EC) No 834/2007 the vendor declaration that products supplied
have not been produced from or by GMOs may follow the model
set out in Annex XIII to this Regulation.

CHAPTER 2

Specific control requirements for plants and plant products
from farm production or collection

Article 70

Control arrangements

1. The full description of the unit referred to in Article 63(1)(a)
shall:

(a) be drawn up even where the operator limits his activity to
the collection of wild plants;

(b) indicate the storage and production premises and land
parcels and/or collection areas and, where applicable,
premises where certain processing and/or packaging
operations take place; and
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(c) specify the date of the last application on the parcels and/or
collection areas concerned of products, the use of which is
not compatible with the organic production rules.

2. In case of collection of wild plants, the practical measures
referred to in Article 63(1)(b) shall include any guarantees given
by third parties which the operator can provide to ensure that the
provisions of Article 12(2) of Regulation (EC) No 834/2007 are
complied with.

Article 71

Communications

Each year, before the date indicated by the control authority or
control body, the operator shall notify the control authority or
control body of its schedule of production of crop products,
giving a breakdown by parcel.

Article 72

Plant production records

Plant production records shall be compiled in the form of a
register and kept available to the control authorities or bodies at
all times at the premises of the holding. In addition to Article 71
such records shall provide at least the following information:

(a) as regards the use of fertiliser: date of application, type and
amount of fertiliser, parcels concerned;

(b) as regards the use of plant protection products: reason and
date of treatment, type of product, method of treatment;

(c) as regards purchase of farm inputs: date, type and amount
of purchased product;

(d) as regards harvest: date, type and amount of organic or in
conversion crop production.

Article 73

Several production units run by the same operator

Where an operator runs several production units in the same
area, the units producing non-organic crops, together with
storage premises for farm input products shall also be subject to
the general and the specific control requirements laid down in
Chapter 1 and this Chapter of this Title.

CHAPTER 3

Control requirements for livestock and livestock products
produced by animal husbandry

Article 74

Control arrangements

1. When the control system applying specifically to livestock
production is first implemented, the full description of the unit
referred to in Article 63(1)(a) shall include:

(a) a full description of the livestock buildings, pasturage, open
air areas, etc., and, where applicable, the premises for the
storage, packaging and processing of livestock, livestock
products, raw materials and inputs;

(b) a full description of the installations for the storage of
livestock manure.

2. The practical measures referred to in Article 63(1)(b) shall
include:

(a) a plan for spreading manure agreed with the control body
or authority, together with a full description of the areas
given over to crop production;

(b) where appropriate, as regards the spreading of manure, the
written arrangements with other holdings as referred to in
Article 3(3) complying with the provisions of the organic
production rules;

(c) a management plan for the organic-production livestock
unit.

Article 75

Identification of livestock

The livestock shall be identified permanently using techniques
adapted to each species, individually in the case of large
mammals and individually or by batch in the case of poultry and
small mammals.

Article 76

Livestock records

Livestock records shall be compiled in the form of a register and
kept available to the control authorities or bodies at all times at
the premises of the holding. Such records shall provide a full
description of the herd or flock management system comprising
at least the following information:

(a) as regards animals arriving at the holding: origin and date
of arrival, conversion period, identification mark and
veterinary record;
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(b) as regards livestock leaving the holding: age, number of
heads, weight in case of slaughter, identification mark and
destination;

(c) details of any animals lost and reasons thereof;

(d) as regards feed: type, including feed supplements, propor-
tions of various ingredients of rations and periods of access
to free-range areas, periods of transhumance where
restrictions apply;

(e) as regards disease prevention and treatment and veterinary
care: date of treatment, details of the diagnosis, the
posology; type of treatment product, the indication of the
active pharmacological substances involved method of
treatment and veterinary prescription for veterinary care
with reasons and withdrawal periods applying before
livestock products can be marketed labelled as organic.

Article 77

Control measures on veterinary medicinal products for
livestock

Whenever veterinary medicinal products are used the informa-
tion according to Article 76(e) is to be declared to the control
authority or body before the livestock or livestock products are
marketed as organically produced. Livestock treated shall be
clearly identified, individually in the case of large animals;
individually, or by batch, or by hive, in the case of poultry, small
animals and bees.

Article 78

Specific control measures on beekeeping

1. A map on an appropriate scale listing the location of hives
shall be provided to the control authority or control body by the
beekeeper. Where no areas are identified in accordance with
Article 13(2), the beekeeper shall provide the control authority
or control body with appropriate documentation and evidence,
including suitable analyses if necessary, that the areas accessible
to his colonies meet the conditions required in this Regulation.

2. The following information shall be entered in the register of
the apiary with regard to the use of feeding: type of product,
dates, quantities and hives where it is used.

3. Whenever veterinary medicinal products are to be used, the
type of product, including the indication of the active
pharmacological substance, together with details of the diag-
nosis, the posology, the method of administration, the duration
of the treatment and the legal withdrawal period shall be
recorded clearly and declared to the control body or authority
before the products are marketed as organically produced.

4. The zone where the apiary is situated shall be registered
together with the identification of the hives. The control body or
authority shall be informed of the moving of apiaries by a
deadline agreed on with the control authority or body.

5. Particular care shall be taken to ensure adequate extraction,
processing and storage of beekeeping products. All the measures
to comply with this requirement shall be recorded.

6. The removals of the supers and the honey extraction
operations shall be entered in the register of the apiary.

Article 79

Several production units run by the same operator

Where an operator manages several production units, as
provided for in Articles 17(1), 40 and 41, the units which
produce non-organic livestock or non-organic livestock products
shall also be subject to the control system as laid down in
Chapter 1 and this Chapter of this Title.

CHAPTER 4

Control requirements for units for preparation of plant and
livestock products and foodstuffs composed of plant and

livestock products

Article 80

Control arrangements

In the case of a unit involved in the preparation for its own
account or for account of a third party, and including in
particular units involved in packaging and/or re-packaging of
such products or units involved in labelling and/or re-labelling of
such products, the full description of the unit referred to in
Article 63(1)(a) shall show the facilities used for the reception,
the processing, packaging, labelling and storage of agricultural
products before and after the operations concerning them, as
well as the procedures for the transport of the products.
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CHAPTER 5

Control requirements for imports of plants, plant products,
livestock, livestock products and foodstuffs comprising plant
and/or livestock products, animal feedingstuffs, compound

feedingstuffs and feed materials from third countries

Article 81

Scope

This Chapter applies to any operator involved, as importer and/
or as first consignee, in the import and/or reception, for its own
account or for account of another operator, of organic products.

Article 82

Control arrangements

1. In the case of the importer, the full description of the unit
referred to in Article 63(1)(a) shall include the importer's
premises and of his import activities, indicating the points of
entry of the products into the Community and any other
facilities the importer intends to use for the storage of the
imported products pending their delivery to the first consignee.

In addition, the declaration referred to in Article 63(2) shall
include an undertaking by the importer to ensure that any
facilities that the importer will use for storage of products are
submitted to control, to be carried out either by the control body
or control authority or, when these storage facilities are situated
in another Member State or region, by a control body or
authority approved for control in that Member State or region.

2. In the case of the first consignee, the full description of the
unit referred to in Article 63(1)(a) shall show the facilities used
for the reception and storage.

3. Where the importer and the first consignee are the same
legal person and operate in one single unit, the reports referred
to in the second subparagraph of Article 63(2) may be
formalised within one single report.

Article 83

Documentary accounts

The importer and the first consignee shall keep separate stock
and financial records, unless where they are operating in one
single unit.

On request of the control authority or control body, any details
on the transport arrangements from the exporter in the third
country to the first consignee and, from the first consignee's
premises or storage facilities to the consignees within the
Community shall be provided.

Article 84

Information on imported consignments

The importer shall, in due time, inform the control body or
control authority of each consignment to be imported into the
Community, providing:

(a) the name and address of the first consignee;

(b) any details the control body or authority may reasonably
require,

(i) in case of products imported in accordance with
Article 32 of Regulation (EC) No 834/2007, the
documentary evidence referred to in that Article;

(ii) in case of products imported in accordance with
Article 33 of Regulation (EC) No 834/2007, a copy of
the certificate of inspection referred to in that Article.

On the request of the control body or control authority of the
importer, the latter shall forward the information referred to in
the first paragraph to the control body or control authority of
the first consignee.

Article 85

Control visits

The control authority or control body shall check the
documentary accounts referred to in Article 83 of this
Regulation and the certificate referred to in Article 33(1)(d) of
Regulation (EC) No 834/2007 or the documentary evidence
referred to in Article 32(1)(c) of the latter Regulation.

Where the importer performs the import operations by different
units or premises, he shall make available on request the reports
referred to in the second subparagraph of Article 63(2) of this
Regulation for each of these facilities.

CHAPTER 6

Control requirements for units involved in the production,
preparation or import of organic products and which have
contracted out to third parties in part or in total the actual

operations concerned

Article 86

Control arrangements

With regard to the operations, which are contracted out to third
parties, the full description of the unit referred to in Article
63(1)(a) shall include:

(a) a list of the subcontractors with a description of their
activities and an indication of the control bodies or
authorities to which they are subject;
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(b) written agreement by the subcontractors that their holding
will be subject to the control regime of Title V of Regulation
(EC) No 834/2007;

(c) all the practical measures, including inter alia an appro-
priate system of documentary accounts, to be taken at the
level of the unit to ensure that the products the operator
places on the market can be traced to, as appropriate, their
suppliers, sellers, consignees and buyers.

CHAPTER 7

Control requirements for units preparing feed

Article 87

Scope

This Chapter applies to any unit involved in the preparation of
products referred to in Article 1(2)(c) of Regulation (EC) No 834/
2007 on its own account or on behalf of a third party.

Article 88

Control arrangements

1. The full description of the unit referred to in Article 63(1)(a)
shall indicate:

(a) the facilities used for the reception, preparation and storage
of the products intended for animal feed before and after
the operations concerning them;

(b) the facilities used for the storage of other products used to
prepare feedingstuffs;

(c) the facilities used to store products for cleaning and
disinfection;

(d) where necessary, the description of the compound feeding-
stuff that the operator intends to produce, in accordance
with Article 5(1)(a) of Directive 79/373/EEC, and the
livestock species or class for which the compound
feedingstuff is intended;

(e) where necessary, the name of the feed materials that the
operator intends to prepare.

2. The measures to be taken by operators, as referred to in
Article 63(1)(b), to guarantee compliance with the organic
production rules shall include the indications of measures
referred to in Article 26.

3. The control authority or control body shall use these
measures to carry out a general evaluation of the risks attendant
on each preparation unit and to draw up a control plan. This
control plan shall provide for a minimum number of random
samples depending on the potential risks.

Article 89

Documentary accounts

For the purposes of proper control of the operations, the
documentary accounts referred to in Article 66 shall include
information on the origin, nature and quantities of feed
materials, additives, sales and finished products.

Article 90

Control visits

The control visit referred to in Article 65 shall comprise a full
physical inspection of all premises. Moreover, the control
authority or control body shall make targeted visits based on a
general evaluation of the potential risks of non-compliance with
the organic production rules.

The control body or authority shall pay particular attention to
the critical control points pointed out for the operator, with a
view to establishing whether the surveillance and checking
operations are carried out correctly.

All the premises used by the operator for the conduct of his
activities may be checked as frequently as the attendant risks
warrant.

CHAPTER 8

Infringements and exchange of information

Article 91

Measures in case of suspicion of infringements and
irregularities

1. Where an operator considers or suspects that a product
which he has produced, prepared, imported or that he has
received from another operator, is not in compliance with
organic production rules, he shall initiate procedures either to
withdraw from this product any reference to the organic
production method or to separate and identify the product. He
may only put it into processing or packaging or on the market
after elimination of that doubt, unless it is placed on the market
without indication referring to the organic production method.
In case of such doubt, the operator shall immediately inform the
control body or authority. The control authority or control body
may require that the product cannot be placed on the market
with indications referring to the organic production method
until it is satisfied, by the information received from the operator
or from other sources, that the doubt has been eliminated.

2. Where a control authority or control body has a
substantiated suspicion that an operator intends to place on
the market a product not in compliance with the organic
production rules but bearing a reference to the organic
production method, this control authority or control body can
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require that the operator may provisionally not market the
product with this reference for a time period to be set by that
control authority or control body. Before taking such a decision,
the control authority or control body shall allow the operator to
comment. This decision shall be supplemented by the obligation
to withdraw from this product any reference to the organic
production method if the control authority or control body is
sure that the product does not fulfil the requirements of organic
production.

However, if the suspicion is not confirmed within the said time
period, the decision referred to in the first subparagraph shall be
cancelled not later than the expiry of that time period. The
operator shall cooperate fully with the control body or authority
in resolving the suspicion.

3. Member States shall take whatever measures and sanctions
are required to prevent fraudulent use of the indications referred
to in Title IV of Regulation (EC) No 834/2007 and Title III and/or
Annex XI of this Regulation.

Article 92

Exchange of information

1. Where the operator and his subcontractors are checked by
different control authorities or control bodies, the declaration
referred to in Article 63(2) shall include an agreement by the
operator on his behalf and that of his subcontractors, that the
different control bodies or control authorities can exchange
information on the operations under their control and on the
way this exchange of information can be implemented.

2. Where a Member State finds irregularities or infringements
relating to the application of this Regulation in a product coming
from another Member State and bearing indications as referred
to in Title IV of Regulation (EC) No 834/2007 and Title III and/or
Annex XI of this Regulation, it shall inform the Member State
which designated the control body or control authority and the
Commission thereby.

TITLE V

TRANSMISSION OF INFORMATION TO THE COMMISSION,
TRANSITIONAL AND FINAL PROVISIONS

CHAPTER 1

Transmission of information to the Commission

Article 93

Statistical information

1. Member States shall provide the Commission with the
annual statistical information on organic production referred to
in Article 36 of Regulation (EC) No 834/2007 by using the

computer system enabling electronic exchanges of documents
and information made available by the Commission (Eurostat)
before 1 July each year.

2. The statistical information referred to in paragraph 1 shall
comprise, in particular the following data:

(a) the number of organic producers, processors, importers
and exporters;

(b) the organic crop production and crop area under
conversion and under organic production;

(c) the organic livestock numbers and the organic animal
products;

(d) the data on organic industrial production by type of
activities.

3. For the transmission of the statistical information referred to
in paragraphs 1 and 2, Member States shall use the Single Entry
point provided by the Commission (Eurostat).

4. The provisions relating to the characteristics of statistical
data and metadata shall be defined within the context of the
Community Statistical Programme on the basis of models or
questionnaires made available via the system referred to in
paragraph 1.

Article 94

Other information

1. Member States shall provide the Commission with the
following information by using the computer system enabling
electronic exchanges of documents and information made
available by the Commission (DG Agriculture and rural
development) for information other than statistical information:

(a) before 1 January 2009, the information referred to in
Article 35(a) of Regulation (EC) No 834/2007 and
afterwards each modification when that appears;

(b) by 31 March each year, the information referred to in
Article 35(b) of Regulation (EC) No 834/2007, as regards
control authorities and bodies approved on 31 December
of the previous year,

(c) before 1 July each year, all other information required or
needed in accordance with this Regulation.

2. The data shall be communicated, entered and updated in the
system referred to in paragraph 1 under the responsibility of the
competent authority as referred to in Article 35 of Regulation
(EC) No 834/2007, by the authority itself or by the body to
which that function has been delegated.
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3. The provisions relating to the characteristics of data and
metadata shall be defined on the basis of models or
questionnaires made available via the system referred to in
paragraph 1.

CHAPTER 2

Transitional and final provisions

Article 95

Transitional measures

1. For a transitional period expiring on 31 December 2010,
cattle may be tethered in buildings already existing before
24 August 2000, provided that regular exercise is provided and
rearing takes place in line with animal welfare requirements with
comfortably littered areas as well as individual management and
provided that the competent authority has authorised this
measure. The competent authority may continue authorising this
measure upon request of individual operators for its application
in a limited period ending before the 31 December 2013, under
the additional condition that the controls visits referred to in
Article 65(1) are carried out at least twice a year.

2. The competent authority may authorise, for a transitional
period expiring on 31 December 2010, the exceptions
concerning housing conditions and stocking density granted to
livestock producing holdings on the basis of the derogation
provided for in part B, paragraph 8.5.1 of Annex I to Regulation
(EEC) No 2092/91. The operators benefiting from this extension
shall present a plan to the control authority or control body,
containing the description of arrangements which are intended
to ensure compliance with the provisions of the organic
production rules by the end of the transitional period. The
competent authority may continue authorising this measure
upon request of individual operators for its application in a
limited period ending before the 31 December 2013, under the
additional condition that the controls visits referred to in
Article 65(1) are carried out at least twice a year.

3. For a transition period expiring 31 December 2010 the final
fattening phase of sheep and pigs for meat production as laid
down under point 8.3.4 of Annex I.B of Regulation (EEC)
No 2092/91 may take place indoors under the condition that the
controls visits referred to in Article 65(1) are carried out at least
twice a year.

4. The castration of piglets may be carried out without the
application of anaesthesia and/or analgesia during a transition
period expiring on 31 December 2011.

5. Pending the inclusion of detailed processing rules for pet
food, national rules or in the absence thereof, private standards
accepted or recognised by the Member States shall apply.

6. For the purpose of Article 12(1)(j) of Regulation (EC)
No 834/2007 and pending the inclusion of specific substances
according to Article 16(f) of that Regulation, only products
authorised by the competent authorities may be used.

7. Authorisations of non-organic ingredients of agricultural
origin granted by Member States under Regulation (EEC)
No 207/93 may be deemed granted as under this Regulation.
However, authorisations granted in accordance with Article 3(6)
of the former Regulation shall expire on 31 December 2009.

8. For a transitional period expiring on the 1 July 2010, the
operators may continue to use in the labelling the provisions as
laid down in Regulation (EEC) No 2092/91 for:

(i) the system for calculation the percentage of organic
ingredients of food;

(ii) the code number and/or the name of the control body or
control authority.

9. Stocks of products produced, packaged and labelled before
1 January 2009 in accordance with Regulation (EEC) No 2092/
91 may continue to be brought on the market bearing terms
referring to organic production until stocks are exhausted.

10. Packaging material in accordance with Regulation (EEC)
No 2092/91 may continue to be used for products brought to
the market bearing terms referring to organic production until
1 January 2012, where the product otherwise complies with the
requirements of Regulation (EC) 834/2007.

Article 96

Repeal

Regulations (EEC) No 207/93, (EC) No 223/2003 and (EC)
No 1452/2003 are repealed.

References to the repealed Regulations and to Regulation (EEC)
No 2092/91 shall be construed as references to this Regulation
and shall be read in accordance with the correlation table in
Annex XIV.
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Article 97

Entry into force and application

This Regulation shall enter into force on the seventh day following that of its publication in the Official Journal
of the European Union.

It shall apply as from 1 January 2009.

However, paragraph 2(a) of Article 27 and Article 58 shall apply as of 1 July 2010.

This Regulation shall be binding in its entirety and directly applicable in all Member States.

Done at Brussels, 5 September 2008.

For the Commission

Mariann FISCHER BOEL

Member of the Commission
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ANNEX I

Fertilisers and soil conditioners referred to in Article 3(1)

Note:

A: authorised under Regulation (EEC) No 2092/91 and carried over by Article 16(3)(c) of Regulation (EC) No 834/2007
B: authorised under Regulation (EC) No 834/2007

Authorisation Name Description, compositional requirements, conditions for use

A Compound products or products con-
taining only materials listed hereunder:
Farmyard manure

Product comprising a mixture of animal excrements and
vegetable matter (animal bedding).
Factory farming origin forbidden

A Dried farmyard manure and dehydrated
poultry manure

Factory farming origin forbidden

A Composted animal excrements,
including poultry manure and com-
posted farmyard manure included

Factory farming origin forbidden

A Liquid animal excrements Use after controlled fermentation and/or appropriate
dilution
Factory farming origin forbidden

A Composted or fermented household
waste

Product obtained from source separated household waste,
which has been submitted to composting or to anaerobic
fermentation for biogas production
Only vegetable and animal household waste
Only when produced in a closed and monitored collection
system, accepted by the Member State
Maximum concentrations in mg/kg of dry matter: cadmium:
0,7; copper: 70; nickel: 25; lead: 45; zinc: 200; mercury:
0,4; chromium (total): 70; chromium (VI): 0

A Peat Use limited to horticulture (market gardening, floriculture,
arboriculture, nursery)

A Mushroom culture wastes The initial composition of the substrate shall be limited to
products of this Annex

A Dejecta of worms (vermicompost) and
insects

A Guano

A Composted or fermented mixture of
vegetable matter

Product obtained from mixtures of vegetable matter, which
have been submitted to composting or to anaerobic
fermentation for biogas production

A Products or by-products of animal
origin as below:

blood meal
hoof meal
horn meal
bone meal or degelatinized bone
meal
fish meal
meat meal
feather, hair and ‘chiquette’ meal
wool
fur
hair
dairy products

Maximum concentration in mg/kg of dry matter of
chromium (VI): 0
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Authorisation Name Description, compositional requirements, conditions for use

A Products and by-products of plant
origin for fertilisers

Examples: oilseed cake meal, cocoa husks, malt culms

A Seaweeds and seaweed products As far as directly obtained by:
(i) physical processes including dehydration, freezing and

grinding
(ii) extraction with water or aqueous acid and/or alkaline

solution
(iii) fermentation

A Sawdust and wood chips Wood not chemically treated after felling

A Composted bark Wood not chemically treated after felling

A Wood ash From wood not chemically treated after felling

A Soft ground rock phosphate Product as specified in point 7 of Annex IA.2. to Regulation
(EC) No 2003/2003 of the European Parliament and of the
Council (1) relating to fertilisers , 7
Cadmium content less than or equal to 90 mg/kg of P205

A Aluminium-calcium phosphate Product as specified in point 6 of Annex IA.2. of Regulation
2003/2003,
Cadmium content less than or equal to 90 mg/kg of P205

Use limited to basic soils (pH > 7,5)

A Basic slag Products as specified in point 1 of Annex IA.2. of
Regulation 2003/2003

A Crude potassium salt or kainit Products as specified in point 1 of Annex IA.3. of
Regulation 2003/2003

A Potassium sulphate, possibly contain-
ing magnesium salt

Product obtained from crude potassium salt by a physical
extraction process, containing possibly also magnesium
salts

A Stillage and stillage extract Ammonium stillage excluded

A Calcium carbonate
(chalk, marl, ground limestone, Breton
ameliorant, (maerl), phosphate chalk)

Only of natural origin

A Magnesium and calcium carbonate Only of natural origin
e.g. magnesian chalk, ground magnesium, limestone

A Magnesium sulphate (kieserite) Only of natural origin

A Calcium chloride solution Foliar treatment of apple trees, after identification of deficit
of calcium

A Calcium sulphate (gypsum) Products as specified in point 1 of Annex ID. of Regulation
2003/2003
Only of natural origin

A Industrial lime from sugar production By-product of sugar production from sugar beet

A Industrial lime from vacuum salt
production

By-product of the vacuum salt production from brine found
in mountains

A Elemental sulphur Products as specified in Annex ID.3 of Regulation 2003/
2003

A Trace elements Inorganic micronutrients listed in part E of Annex I to
Regulation 2003/2003

A Sodium chloride Only mined salt

A Stone meal and clays

(1) OJ L 304, 21.11.2003, p. 1.
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ANNEX II

Pesticides — plant protection products referred to in Article 5(1)

Note:

A: authorised under Regulation (EEC) No 2092/91 and carried over by Article 16(3)(c) of Regulation (EC) No 834/2007
B: authorised under Regulation (EC) No 834/2007

1. Substances of crop or animal origin

Authorisation Name Description, compositional requirement, conditions for use

A Azadirachtin extracted from Azadir-
achta indica (Neem tree)

Insecticide

A Beeswax Pruning agent

A Gelatine Insecticide

A Hydrolysed proteins. Attractant, only in authorized applications in combination
with other appropriate products of this list

A Lecithin Fungicide

A Plant oils (e.g. mint oil, pine oil,
caraway oil).

Insecticide, acaricide, fungicide and sprout inhibitor.

A Pyrethrins extracted from Chrysanthe-
mum cinerariaefolium

Insecticide

A Quassia extracted from Quassia amara Insecticide, repellent

A Rotenone extracted from Derris spp.
and Lonchocarpus spp. and Terphrosia
spp.

Insecticide

2. Micro-organisms used for biological pest and disease control

Authorisation Name Description, compositional requirement, conditions for use

A Micro-organisms (bacteria, viruses and
fungi)

3. Substances produced by micro-organisms

Authorisation Name Description, compositional requirement, conditions for use

A Spinosad Insecticide
Only where measures are taken to minimize the risk to key
parasitoids and to minimize the risk of development of
resistance

4. Substances to be used in traps and/or dispensers

Authorisation Name Description, compositional requirement, conditions for use

A Diammonium phosphate Attractant, only in traps
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Authorisation Name Description, compositional requirement, conditions for use

A Pheromones Attractant; sexual behaviour disrupter; only in traps and
dispensers

A Pyrethroids (only deltamethrin or
lambdacyhalothrin)

Insecticide; only in traps with specific attractants; only
against Bactrocera oleae and Ceratitis capitata Wied.

5. Preparations to be surface-spread between cultivated plants

Authorisation Name Description, compositional requirement, conditions for use

A Ferric phosphate (iron (III) orthopho-
sphate)

Molluscicide

6. Other substances from traditional use in organic farming

Authorisation Name Description, compositional requirement, conditions for use

A Copper in the form of copper hydro-
xide, copper oxychloride, (tribasic)
copper sulphate, cuprous oxide, copper
octanoate

Fungicide.
up to 6 kg copper per ha per year
For perennial crops, Member States may, by derogation
from the previous paragraph, provide that the 6 kg copper
limit can be exceeded in a given year provided that the
average quantity actually used over a 5-year period
consisting of that year and of the four preceding years does
not exceed 6 kg

A Ethylene Degreening bananas, kiwis and kakis; Degreening of citrus
fruit only as part of a strategy for the prevention of fruit fly
damage in citrus; Flower induction of pineapple; sprouting
inhibition in potatoes and onions

A Fatty acid potassium salt (soft soap) Insecticide

A Potassium aluminium (aluminium sul-
phate) (Kalinite)

Prevention of ripening of bananas

A Lime sulphur (calcium polysulphide) Fungicide, insecticide, acaricide

A Paraffin oil Insecticide, acaricide

A Mineral oils Insecticide, fungicide;
only in fruit trees, vines, olive trees and tropical crops (e.g.
bananas);

A Potassium permanganate Fungicide, bactericide; only in fruit trees, olive trees and
vines.

A Quartz sand Repellent

A Sulphur Fungicide, acaricide, repellent

7. Other substances

Authorisation Name Description, compositional requirement, conitions for use

A Calcium hydroxide Fungicide
Only in fruit trees, including nurseries, to control Nectria
galligena

A Potassium bicarbonate Fungicide
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ANNEX III

Minimum surface areas indoors and outdoors and other characteristics of housing in the different species and
types of production referred to in Article 10(4)

1. Bovines, equidae, ovine, caprine and porcine

Indoors area
(net area available to animals)

Outdoors area
(exercise area, excluding pasturage)

Live weight minimum
(kg) M2/head M2/head

Breeding and fattening bovine
and equidae

up to 100 1,5 1,1

up to 200 2,5 1,9

up to 350 4,0 3

over 350 5 with a minimum of
1 m2/100 kg

3,7 with a minimum of 0,75 m2/
100 kg

Dairy cows 6 4,5

Bulls for breeding 10 30

Sheep and goats 1,5 sheep/goat 2,5

0,35 lamb/kid 0,5

Farrowing sows with piglets up
to 40 days

7,5 sow 2,5

Fattening pigs up to 50 0,8 0,6

up to 85 1,1 0,8

up to 110 1,3 1

Piglets over 40 days and up
to 30 kg

0,6 0,4

Brood pigs 2,5 female 1,9

6 male
If pens are used for natural
service: 10 m2/boar

8,0

2. Poultry

Indoors area
(net area available to animals)

Outdoors area
(m2 of area available in rotation/head)

No animals/m2
cm

perch/
animal

nest

Laying hens 6 18 7 laying hens per
nest or in case of
common nest
120 cm2/bird

4, provided that the limit of 170 kg of
N/ha/year is not exceeded

Fattening poultry (in
fixed housing)

10 with a maxi-
mum of 21 kg
liveweight/m2

20 (for
guinea
fowl
only)

4 broilers and guinea fowl
4,5 ducks
10 turkey
15 geese
In all the species mentioned above the
limit of 170 kg of N/ha/year is not
exceeded
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Indoors area
(net area available to animals)

Outdoors area
(m2 of area available in rotation/head)

No animals/m2
cm

perch/
animal

nest

Fattening poultry in
mobile housing

16 (1) in mobile
poultry houses with
a maximum of
30 kg liveweight/
m2

2,5, provided that the limit of 170 kg
of N/ha/year is not exceeded

(1) Only in the case of mobile houses not exceeding 150 m2 floor space.
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ANNEX IV

Maximum number of animals per hectare referred to in Article 15 (2)

Class or species
Maximum number of animals per ha

equivalent to 170 kg N/ha/year

Equines over six months old 2

Calves for fattening 5

Other bovine animals less than one year old 5

Male bovine animals from one to less than two years old 3,3

Female bovine animals from one to less than two years old 3,3

Male bovine animals two years old or over 2

Breeding heifers 2,5

Heifers for fattening 2,5

Dairy cows 2

Cull dairy cows 2

Other cows 2,5

Female breeding rabbits 100

Ewes 13,3

Goats 13,3

Piglets 74

Breeding sows 6,5

Pigs for fattening 14

Other pigs 14

Table chickens 580

Laying hens 230
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ANNEX V

Feed materials referred to in Article 22(1), (2) and (3)

1. NON-ORGANIC FEED MATERIALS OF PLANT ORIGIN

1.1. Cereals, grains, their products and by-products:

— Oats as grains, flakes, middlings, hulls and bran

— Barley as grains, protein and middlings

— Rice germ expeller

— Millet as grains

— Rye as grains and middlings

— Sorghum as grains

— Wheat as grains, middlings, bran, gluten feed, gluten and germ

— Spelt as grains

— Triticale as grains

— Maize as grains, bran, middlings, germ expeller and gluten

— Malt culms

— Brewers' grains

1.2. Oil seeds, oil fruits, their products and by-products:

— Rape seed, expeller and hulls

— Soya bean as bean, toasted, expeller and hulls

— Sunflower seed as seed and expeller

— Cotton as seed and seed expeller

— Linseed as seed and expeller

— Sesame seed as expeller

— Palm kernels as expeller

— Pumpkin seed as expeller

— Olives, olive pulp

— Vegetable oils (from physical extraction).

1.3. Legume seeds, their product and by-products:

— Chickpeas as seeds, middlings and bran

— Ervil as seeds, middlings and bran

— Chickling vetch as seeds submitted to heat treatment, middlings and bran

— Peas as seeds, middlings, and bran

— Broad beans as seeds, middlings and bran
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— Horse beans as seeds middlings and bran

— Vetches as seeds, middlings and bran

— Lupin as seeds, middlings and bran

1.4. Tuber, roots, their products and by-products:

— Sugar beet pulp

— Potato

— Sweet potato as tuber

— Potato pulp (by-product of the extraction of potato starch)

— Potato starch

— Potato protein

— Manioc.

1.5. Other seeds and fruits, their products and by-products:

— Carob

— Carob pods and meals thereof

— Pumpkins,

— Citrus pulp

— Apples, quinces, pears, peaches, figs, grapes and pulps thereof

— Chestnuts

— Walnut expeller

— Hazelnut expeller

— Cocoa husks and expeller

— Acorns.

1.6. Forages and roughages:

— Lucerne

— Lucerne meal

— Clover

— Clover meal

— Grass (obtained from forage plants)

— Grass meal

— Hay

— Silage

— Straw of cereals

— Root vegetables for foraging
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1.7. Other plants, their products and by-products:

— Molasses

— Seaweed meal (obtained by drying and crushing seaweed and washed to reduce iodine content)

— Powders and extracts of plants

— Plant protein extracts (solely provided to young animals)

— Spices

— Herbs

2. FEED MATERIALS OF ANIMAL ORIGIN

2.1. Milk and milk products:

— Raw milk

— Milk powder

— Skimmed milk, skimmed-milk powder,

— Buttermilk, buttermilk powder

— Whey, whey powder, whey powder low in sugar, whey protein powder (extracted by physical treatment)

— Casein powder

— Lactose powder

— Curd and sour milk

2.2. Fish, other marine animals, their products and by-products:

Under the following restrictions: Products origin only from sustainable fisheries and to be used only for species other
than herbivores

— Fish

— Fish oil and cod-liver oil not refined

— Fish molluscan or crustacean autolysates

— Hydrolysate and proteolysates obtained by an enzyme action, whether or not in soluble form, solely provided to
young animals

— Fish meal

2.3. Egg and egg products

— Eggs and egg products for use as poultry feed, primarily from the same holding.

3. FEED MATERIALS OF MINERAL ORIGIN

3.1. Sodium:

— unrefined sea salt

— coarse rock salt

— sodium sulphate

— sodium carbonate
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— sodium bicarbonate

— sodium chloride

3.2. Potassium:

— potassium chloride

3.3. Calcium:

— lithotamnion and maerl

— shells of aquatic animals (including cuttlefish bones)

— calcium carbonate

— calcium lactate

— calcium gluconate

3.4. Phosphorus:

— defluorinated dicalcium phosphate

— defluorinated monocalcium phosphate

— monosodium phosphate

— calcium-magnesium phosphate

— calcium-sodium phosphate

3.5. Magnesium:

— magnesium oxide (anhydrous magnesia)

— magnesium sulphate

— magnesium chloride

— magnesium carbonate

— magnesium phosphate

3.6. Sulphur:

— sodium sulphate.
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ANNEX VI

Feed additives and certain substances used as in animal nutrition referred to in Article 22(4)

1. FEED ADDITIVES

Additives listed must have been approved under Regulation (EC) No 1831/2003 of the European Parliament and of
the Council (1) on additives for use in animal nutrition

1.1. Nutritional additives

(a) Vitamins

— Vitamins derived from raw materials occurring naturally in feedingstuffs;

— Synthetic vitamins identical to natural vitamins for monogastric animals;

— Synthetic vitamins A, D, and E identical to natural vitamins for ruminants with prior authorisation of the
Member States based on the assessment of the possibility for organic ruminants to obtain the necessary
quantities of the said vitamins through their feed rations.

(b) Trace elements

E1 Iron:

ferrous (II) carbonate

ferrous (II) sulphate monohydrate and/or heptahydrate

ferric (III) oxide;

E2 Iodine:

calcium iodate, anhydrous

calcium iodate, hexahydrate

sodium iodide;

E3 Cobalt:

cobaltous (II) sulphate monohydrate and/or heptahydrate

basic cobaltous (II) carbonate, monohydrate;

E4 Copper:

copper (II) oxide

basic copper (II) carbonate, monohydrate

copper (II) sulphate, pentahydrate;

E5 Manganese:

manganous (II) carbonate

manganous oxide and manganic oxide

manganous (II) sulfate, mono- and/or tetrahydrate;

E6 Zinc:

zinc carbonate

zinc oxide

zinc sulphate mono- and/or heptahydrate;

E7 Molybdenum:

ammonium molybdate, sodium molybdate;

E8 Selenium:

sodium selenate

sodium selenite.

1.2. Zoo-technical additives

Enzymes and micro-organisms
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1.3. Technological additives

(a) Preservatives

E 200 Sorbic acid
E 236 Formic acid (*)
E 260 Acetic acid (*)
E 270 Lactic acid (*)
E 280 Propionic acid (*)
E 330 Citric acid.
(*) For silage: only when weather conditions do not allow for adequate fermentation.

(b) Antioxidant substances

E 306 — Tocopherol-rich extracts of natural origin used as an antioxidant

(c) Binders and anti-caking agents

E 470 Calcium stearate of natural origin
E 551b Colloidal silica
E 551c Kieselgur
E 558 Bentonite
E 559 Kaolinitic clays
E 560 Natural mixtures of stearites and chlorite
E 561 Vermiculite
E 562 Sepiolite
E 599 Perlite.

(d) Silage additives

Enzymes, yeasts and bacteria can be used as silage additives

The use of lactic, formic, propionic and acetic acid in the production of silage shall only be permitted when
weather conditions do not allow for adequate fermentation

2. CERTAIN SUBSTANCES USED IN ANIMAL NUTRITION

Substance listed must have been approved under Council Directive 82/471/EEC concerning certain products used in
animal nutrition (1)

Yeasts:

Saccharomyces cerevisiae

Saccharomyces carlsbergiensis

3. SUBSTANCES FOR SILAGE PRODUCTION

— sea salt

— coarse rock salt

— whey

— sugar

— sugar beet pulp

— cereal flour

— molasses

L 250/46 EN Official Journal of the European Union 18.9.2008

(1) OJ L 213, 21.7.1982, p. 8.



ANNEX VII

Products for cleaning and disinfection referred to in Article 23 (4)

Products for cleaning and disinfection of buildings and installations for animal production:

— Potassium and sodium soap

— Water and steam

— Milk of lime

— Lime

— Quicklime

— Sodium hypochlorite (e.g. as liquid bleach)

— Caustic soda

— Caustic potash

— Hydrogen peroxide

— Natural essences of plants

— Citric, peracetic acid, formic, lactic, oxalic and acetic acid

— Alcohol

— Nitric acid (dairy equipment)

— Phosporic acid (dairy equipment)

— Formaldehyde

— Cleaning and disinfection products for teats and milking facilities

— Sodium carbonate
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ANNEX VIII

Certain products and substances for use in production of processed organic food referred to in Article 27(1)(a)

Note:

A: authorised under Regulation (EEC) No 2092/91 and carried over by Article 21(2) of Regulation (EC) No 834/2007
B: authorised under Regulation (EC) No 834/2007

SECTION A — FOOD ADDITIVES, INCLUDING CARRIERS

For the purpose of the calculation referred to in Article 23(4)(a)(ii) of Regulation (EC) No 834/2007, food additives marked
with an asterisk in the column of the code number, shall be calculated as ingredients of agricultural origin.

Authorisa-
tion Code Name

Preparation of foodstuffs of
Specific conditions

plant origin animal ori-
gin

A E 153 Vegetable carbon X Ashy goat cheese
Morbier cheese

A E 160b* Annatto, Bixin,
Norbixin

X Red Leicester cheese
Double Gloucester cheese
Cheddar
Mimolette cheese

A E 170 Calcium carbo-
nate

X X Shall not be used for colouring or calcium
enrichment of products

A E 220
Or

Sulphur dioxide X X In fruit wines (*) without added sugar
(including cider and perry) or in mead:
50 mg (**)

E 224 Potassium metabi-
sulphite

X X For cider and perry prepared with addition
of sugars or juice concentrate after
fermentation: 100 mg (**)

(*) In this context, ‘fruit wine’ is defined as
wine made from fruits other than
grapes.

(**) Maximum levels available from all
sources, expressed as SO2 in mg/l.

A E 250
or

Sodium nitrite X For meat products (1):

E 252 Potassium nitrate X For E 250: indicative ingoing amount
expressed as NaNO2: 80 mg/kg
For E 252: indicative ingoing amount
expressed as NaNO3: 80 mg/kg
For E 250: maximum residual amount
expressed as NaNO2: 50 mg/kg
For E 252: maximum residual amount
expressed as NaNO3: 50 mg/kg

A E 270 Lactic acid X X

A E 290 Carbon dioxide X X

A E 296 Malic acid X

A E 300 Ascorbic acid X X Meat products (2)

A E 301 Sodium ascorbate X Meat products (2) in connection with
nitrates and nitrites
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Authorisa-
tion Code Name

Preparation of foodstuffs of
Specific conditions

plant origin animal ori-
gin

A E 306* Tocopherol-rich
extract

X X Anti-oxidant for fats and oils

A E 322* Lecithins X X Milk products (2)

A E 325 Sodium lactate X Milk-based and meat products

A E 330 Citric acid X

A E 331 Sodium citrates X

A E 333 Calcium citrates X

A E 334 Tartaric acid
(L(+)–)

X

A E 335 Sodium tartrates X

A E 336 Potassium tar-
trates

X

A E 341 (i) Monocalcium-
phosphate

X Raising agent for self raising flour

A E 400 Alginic acid X X Milk-based products (2)

A E 401 Sodium alginate X X Milk-based products (2)

A E 402 Potassium alginate X X Milk-based products (2)

A E 406 Agar X X Milk-based and meat products (2)

A E 407 Carrageenan X X Milk-based products (2)

A E 410* Locust bean gum X X

A E 412* Guar gum X X

A E 414* Arabic gum X X

A E 415 Xanthan gum X X

A E 422 Glycerol X For plant extracts

A E 440 (i)* Pectin X X Milk-based products (2)

A E 464 Hydroxypropyl
methyl cellulose

X X Encapsulation material for capsules

A E 500 Sodium carbo-
nates

X X ‘Dulce de leche’ (3) and soured-cream
butter and sour milk cheese (2)

A E 501 Potassium carbo-
nates

X

A E 503 Ammonium car-
bonates

X

A E 504 Magnesium car-
bonates

X

A E 509 Calcium chloride X Milk coagulation

A E 516 Calcium sulphate X Carrier

A E 524 Sodium hydroxide X Surface treatment of ‘Laugengebäck’

A E 551 Silicon dioxide X Anti-caking agent for herbs and spices
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Authorisa-
tion Code Name

Preparation of foodstuffs of
Specific conditions

plant origin animal ori-
gin

A E 553b Talc X X Coating agent for meat products

A E 938 Argon X X

A E 939 Helium X X

A E 941 Nitrogen X X

A E 948 Oxygen X X

(1) This additive can only be used, if it has been demonstrated to the satisfaction of the competent authority that no technological
alternative, giving the same guarantees and/or allowing to maintain the specific features of the product, is available.

(2) The restriction concerns only animal products.
(3) ‘Dulce de leche’ or ‘Confiture de lait’ refers to a soft, luscious, brown cream, made of sweetened, thickened milk.
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SECTION B — PROCESSING AIDS AND OTHER PRODUCTS, WHICH MAY BE USED FOR PROCESSING OF
INGREDIENTS OF AGRICULTURAL ORIGIN FROM ORGANIC PRODUCTION

Note:

A: authorised under Regulation (EEC) No 2092/91 and carried over by Article 21(2) of Regulation (EC) No 834/2007
B: authorised under Regulation (EC) No 834/2007

Authorisation Name
Preparation of
foodstuffs of
plant origin

Preparation of
foodstuffs of ani-

mal origin
Specific conditions

A Water X X Drinking water within the
meaning of Council Directive
98/83/EC

A Calcium chloride X Coagulation agent

A Calcium carbonate X

Calcium hydroxide X

A Calcium sulphate X Coagulation agent

A Magnesium chloride (or nigari) X Coagulation agent

A Potassium carbonate X Drying of grapes

A Sodium carbonate X Sugar(s) production

A Lactic acid X For the regulation of the pH of
the brine bath in cheese pro-
duction (1)

A Citric acid X X For the regulation of the pH of
the brine bath in cheese pro-
duction (1)
Oil production and hydrolysis
of starch (2)

A Sodium hydroxide X Sugar(s) production Oil pro-
duction from rape seed (Brassica
spp)

A Sulphuric acid X X Gelatine production (1)
Sugar(s) production (2)

A Hydrochloric acid X Gelatine production
For the regulation of the pH of
the brine bath in the processing
of Gouda-, Edam and Maas-
dammer cheeses, Boerenkaas,
Friese and Leidse Nagelkaas

A Ammonium hydroxide X Gelatine production

A Hydrogen peroxide X Gelatine production

A Carbon dioxide X X

A Nitrogen X X

A Ethanol X X Solvent

A Tannic acid X Filtration aid

A

A Egg white albumen X

A Casein X

A Gelatin X

A Isinglass X

A Vegetable oils X X Greasing, releasing or anti-
foaming agent
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Authorisation Name
Preparation of
foodstuffs of
plant origin

Preparation of
foodstuffs of ani-

mal origin
Specific conditions

A Silicon dioxide gel or colloidal
solution

X

A Activated carbon X

A Talc X In compliance with the specific
purity criteria for food additive
E 553b

A Bentonite X X Sticking agent for mead (1)
In compliance with the specific
purity criteria for food additive
E 558

A Kaolin X X Propolis (1)
In compliance with the specific
purity criteria for food additive
E 559

A Celluose X X Gelatine production (1)

A Diatomaceous earth X X Gelatine production (1)

A Perlite X X Gelatine production (1)

A Hazelnut shells X

A Rice meal X

A Beeswax X Releasing agent

A Carnauba wax X Releasing agent

(1) The restriction concerns only animal products.
(2) The restriction concerns only plant products.
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ANNEX IX

Ingredients of agricultural origin which have not been produced organically referred to in Article 28

1. UNPROCESSED VEGETABLE PRODUCTS AS WELL AS PRODUCTS DERIVED THEREFROM BY PROCESSES

1.1. Edible fruits, nuts and seeds:

— acorns Quercus spp.

— cola nuts Cola acuminata

— gooseberries Ribes uva-crispa

— maracujas (passion fruit) Passiflora edulis

— raspberries (dried) Rubus idaeus

— red currants (dried) Ribes rubrum

1.2. Edible spices and herbs:

— pepper (Peruvian) Schinus molle L.

— horseradish seeds Armoracia rusticana

— lesser galanga Alpinia officinarum

— safflower flowers Carthamus tinctorius

— watercress herb Nasturtium officinale

1.3. Miscellaneous:

Algae, including seaweed, permitted in non-organic foodstuffs preparation

2. VEGETABLE PRODUCTS

2.1. Fats and oils whether or not refined, but not chemically modified, derived from plants other than:

— cocoa Theobroma cacao

— coconut Cocos nucifera

— olive Olea europaea

— sunflower Helianthus annuus

— palm Elaeis guineensis

— rape Brassica napus, rapa

— safflower Carthamus tinctorius

— sesame Sesamum indicum

— soya Glycine max

2.2. The following sugars, starches and other products from cereals and tubers:

— fructose

— rice paper

— unleavened bread paper

— starch from rice and waxy maize, not chemically modified
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2.3. Miscellaneous:

— pea protein Pisum spp.

— rum, only obtained from cane sugar juice

— kirsch prepared on the basis of fruits and flavourings as referred to in Article 27(1)(c).

3. ANIMAL PRODUCTS

aquatic organisms, not originating from aquaculture, and permitted in no-organic foodstuffs preparation

— gelatin

— whey powder ‘herasuola’

— casings
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ANNEX X

Species for which organically produced seed or seed potatoes are available in sufficient quantities and for a
significant number of varieties in all parts of the Community referred to in Article 45(3)
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ANNEX XI

Community logo, referred to in Article 57

A. A COMMUNITY LOGO

1. Conditions with regard to the presentation and use of the Community Logo

1.1. The Community logo referred to above shall comprise of the models in part B.2 of this Annex.

1.2. The indications that must be included in the logo are listed in part B.3 of this Annex. It is possible to combine the logo with the indication
mentioned in the Annex Council Regulation (EC) No 834/2007.

1.3. To use the Community logo and the indications referred to in part B.3 of this Annex, the technical reproduction rules laid down in the graphic
manual in part B.4 of this Annex must be complied with.
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B.2. Models

Español Čeština Dansk

Deutsch Deutsch Eesti keel

Eesti keel Eλλαδα English

Français Italiano Latviešu valoda

Lietuvių kalba Magyar Malti
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Nederlands Polski Português

Slovenčina (slovenský jazyk) Slovenščina (slovenski jezik) Suomi

Svenska Български Română

Nederlands/Français Suomi/Svenska Français/Deutsch
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B.3. Indications to be inserted in the Community logo

B.3.1. Single indications:

BG: БИОЛОГИЧНО ЗЕМЕДЕЛИЕ

ES: AGRICULTURA ECOLÓGICA

CS: EKOLOGICKÉ ZEMĚDĚLSTVÍ

DA: ØKOLOGISK JORDBRUG

DE: BIOLOGISCHE LANDWIRTSCHAFT, ÖKOLOGISCHER LANDBAU

ET: MAHEPÕLLUMAJANDUS, ÖKOLOOGILINE PÕLLUMAJANDUS

EL: ΒΙΟΛΟΓΙΚΗ ΓΕΩΡΓΙΑ

EN: ORGANIC FARMING

FR: AGRICULTURE BIOLOGIQUE

IT: AGRICOLTURA BIOLOGICA

LV: BIOLOĞISKĀ LAUKSAIMNIECĪBA

LT: EKOLOGINIS ŽEMĖS ŪKIS

HU: ÖKOLÓGIAI GAZDÁLKODÁS

MT: AGRIKULTURA ORGANIKA

NL: BIOLOGISCHE LANDBOUW

PL: ROLNICTWO EKOLOGICZNE

PT: AGRICULTURA BIOLÓGICA

RO: AGRICULTURĂ ECOLOGICĂ

SK: EKOLOGICKÉ POĽNOHOSPODÁRSTVO

SL: EKOLOŠKO KMETIJSTVO

FI: LUONNONMUKAINEN MAATALOUSTUOTANTO

SV: EKOLOGISKT JORDBRUK
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B.3.2. Combination of two indications:

Combinations of two indications referring to the languages mentioned under B.3.1. are authorised, subject of being developed in accordance with
the following examples:

NL/FR: BIOLOGISCHE LANDBOUW — AGRICULTURE BIOLOGIQUE

FI/SV: LUONNONMUKAINEN MAATALOUSTUOTANTO — EKOLOGISKT JORDBRUK

FR/DE: AGRICULTURE BIOLOGIQUE — BIOLOGISCHE LANDWIRTSCHAFT

B.4. Graphic manual

CONTENTS

1. Introduction

2. General use of the logo

2.1. Coloured logo (reference colours)

2.2. Single-colour logo: logo in black and white

2.3. Contrast with background colours

2.4. Typography

2.5. Language

2.6. Reduction sizes

2.7. Particular conditions to use the logo

3. Original Bromides

3.1. Two-colour selection

3.2. Outlines

3.3. Single-colour: logo in black and white

3.4. Colour samples sheets

1. INTRODUCTION

The graphic manual is an instrument for the operators to reproduce the logo.
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2. GENERAL USE OF THE LOGO

2.1. Coloured logo (reference colours)

When the coloured logo is used, this logo must appear in colour by using direct colours (Pantone) or a four-coloured process. The reference
colours are indicated herunder.

Logo in pantone

Logo in four-colour process

2.2. Single-colour logo: logo in black and white

The logo in black and white can be used as shown:
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2.3. Contrast with background colours

If the logo is used in colour on coloured backgrounds which makes it difficult to read, use a delimiting outer circle around the logo to improve
its contrast with the background colours as shown:

Logo in coloured background

2.4. Typography

Use Frutiger or Myriad bold condensed in capitals for the wording.

The letter size of the wording shall be reduced according to the norms set down in Section 2.6

2.5. Language

You are free to use the language version or versions of your choice according to the specifications indicated in B.3.

2.6. Reduction sizes

If the application of the logo on different types of labelling makes reduction necessary, the minimum size shall be:

(a) For a logo with a single indication: minimum size 20 mm diameter.
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(b) For a logo with a combination of two indications: minimum size 40 mm diameter.

2.7. Particular conditions to use the logo

The use of the logo serves to confer specific value to the products. The most effective application of the logo is therefore in colour, since it will
thus have a greater presence and be recognised more easily and quickly by the consumer.

The use of the logo using a single colour (black and white) as established in Section 2.2 is only recommended in cases where its application in
colour is not practical.

3. ORIGINAL BROMIDES

3.1. Two-colour selection

— Single indication in all the languages

— The examples of the language combinations referred to in B.3.2
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— The examples of the language combinations referred to in B.3.2
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3.2. Outlines
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3.3. Single-colour: logo in black and white

3.4. Colour sample sheets

PANTONE REFLEX BLUE

PANTONE 367
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ANNEX XII

Model of documentary evidence to the operator according to Article 29(1) of Regulation (EC) No 834/2007
referred to in Article 68 of this Regulation

Documentary evidence to the operator according to Article 29(1) of Regulation (EC) No 834/2007
Document Number:

Name and address of operator:
main activity (producer, processor, importer, etc):

Name, address and code number of control body/
authority:

Product groups/Activity:
— Plant and plant products:
— Livestock and livestock products:
— Processed products:

defined as:
organic production, in-conversion products; and also non-
organic production where parallel production/processing
pursuant to Article 11 of Regulation (EC) No 834/2007
occurs

Validity period:
Plant products from …to…
Livestock products from …to…
Processed products from …to…

Date of control(s):

This document has been issued on the basis of Article 29(1) of Regulation (EC) No 834/2007 and of Regulation (EC)
No 889/2008. The declared operator has submitted his activities under control, and meets the requirements laid down
in the named Regulations.
Date, place:
Signature on behalf of the issuing control body/authority:

L 250/78 EN Official Journal of the European Union 18.9.2008



ANNEX XIII

Model of a vendor declaration referred to in Article 69

Vendor declaration according to Article 9(3) of Council Regulation (EC) No 834/2007

Name, address of vendor:

Identification (e.g. lot or stock number): Product name:

Components:
(Specify all components existing in the product/used the last in the production process)
………………

………………

………………

………………

………………

I declare that this product was manufactured neither ‘from’ nor ‘by’ GMOs as those terms are used in Articles 2 and 9 of
Council Regulation (EC) No 834/2007. I do not have any information which could suggest that this statement is
inaccurate.
Thus, I declare that the above named product complies with Article 9 of Regulation (EC) No 834/2007 regarding the
prohibition on the use of GMOs.
I undertake to inform our customer and its control body/authority immediately if this declaration is withdrawn or
modified, or if any information comes to light which would undermine its accuracy.
I authorise the control body or control authority, as defined in Article 2 of Council Regulation (EC) No 834/2007, which
supervises our customer to examine the accuracy of this declaration and if necessary to take samples for analytic proof. I
also accept that this task may be carried out by an independent institution which has been appointed in writing by the
control body.
The undersigned takes responsibility for the accuracy of this declaration.

Country, place, date, signature of vendor: Company stamp of vendor (if appropriate):
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ANNEX XIV

Correlation Table referred to in Article 96

Regulation (EEC) No 2092/91
(1) Regulation (EC) No 207/93
(2) Regulation (EC) No 223/2003
(3) Regulation (EC) No 1452/2003

This Regulation

— Article 1

— Article 2(a)

Article 4(15) Article 2(b)

Annex III, C (first indent) Article 2(c)

Annex III, C (second indent) Article 2(d)

— Article 2(e)

— Article 2(f)

— Article 2(g)

— Article 2(h)

Article 4(24) Article 2(i)

— Article 3(1)

Annex I.B, 7.1 and 7.2 Article 3(2)

Annex I.B, 7.4 Article 3(3)

Annex I.A, 2.4 Article 3(4)

Annex I.A, 2.3 Article 3(5)

— Article 4

Article 6(1), Annex I.A, 3 Article 5

Annex I.A, 5 Article 6

Annex I.B and C (titles) Article 7

Annex I.B, 3.1 Article 8(1)

Annex I.C, 3.1 Article 8(2)

Annex I.B, 3.4, 3.8, 3.9, 3.10, 3.11 Article 9(1) to (4)

Annex I.C, 3.6 Article 9(5)

Annex I.B, 8.1.1 Article 10(1)

Annex I.B, 8.2.1 Article 10(2)

Annex I.B, 8.2.2 Article 10(3)

Annex I.B, 8.2.3 Article 10(4)

Annex I.B, 8.3.5 Article 11(1)

Annex I.B, 8.3.6 Article 11(2)

Annex I.B, 8.3.7 Article 11(3)

Annex I.B, 8.3.8 Article 11(4), (5)

Annex I.B, 6.1.9, 8.4.1 to 8.4.5 Article 12(1) to (4)

Annex I.B, 6.1.9 Article 12(5)
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Regulation (EEC) No 2092/91
(1) Regulation (EC) No 207/93
(2) Regulation (EC) No 223/2003
(3) Regulation (EC) No 1452/2003

This Regulation

Annex I.C, 4, 8.1 to 8.5 Article 13

Annex I.B, 8.1.2 Article 14

Annex I.B, 7.1, 7.2 Article 15

Annex I.B, 1.2 Article 16

Annex I.B, 1.6 Article 17(1)

Annex I.B, 1.7 Article 17(2)

Annex I.B, 1.8 Article 17(3)

Annex I.B, 4.10 Article 17(4)

Annex I.B, 6.1.2 Article 18(1)

Annex I.B, 6.1.3 Article 18(2)

Annex I.C, 7.2 Article 18(3)

Annex I.B, 6.2.1 Article 18(4)

Annex I.B, 4.3 Article 19(1)

Annex I.C, 5.1, 5.2 Article 19(2) to (4)

Annex I.B, 4.1, 4.5, 4.7 and 4.11 Article 20

Annex I.B, 4.4 Article 21

Article 7 Article 22

Annex I.B, 3.13, 5.4, 8.2.5 and 8.4.6 Article 23

Annex I.B, 5.3, 5.4, 5.7 and 5.8 Article 24

Annex I.C, 6 Article 25

Annex III, E.3 and B Article 26

Article 5(3) and Annex VI, part A
and B

Article 27

Article 5(3) Article 28

Article 5(3) (1): Article 3 Article 29

Annex III, B.3 Article 30

Annex III.7 Article 31

Annex III, E.5 Article 32

Annex III.7a Article 33

Annex III, C.6 Article 34

Annex III.8 and A.2.5 Article 35

Annex I.A, 1.1 to 1.4 Article 36

Annex I.B, 2.1.2 Article 37

Annex I.B, 2.1.1, 2.2.1,2.3 and Annex
I.C, 2.1, 2.3

Article 38

Annex I.B, 6.1.6 Article 39

Annex III, A1.3 and b Article 40

Annex I.C, 1.3 Article 41
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Effects of vinasse on sugarcane (Saccharum
officinarum) productivity1

Efecto de la vinasa en la productividad de la caña de azúcar
(Saccharum officinarum)

J. Gómez y O. Rodríguez2

Abstract

Vinasse is a corrosive and contaminant industrial liquid residue from alco-
hol distillation. Vinasse contains high levels of organic matter, potassium, cal-
cium and moderate amounts of nitrogen and phosphorus. The effects of several
applications of mineral fertilization combined with vinasse on sugarcane produc-
tivity were evaluated, on plant-cane, first and second ratoon seasons (92-95). The
experiment was established using a randomized split plot design with four repli-
cations. Treatments consisted of 3 chemical fertilizer doses in the main plots as:
F0= 0 kg ha-1; F1= 180 kg ha-1 N + 160 kg.ha-1 P2O5 + 220 kg ha-1 K2O; F3= 80 kg
ha-1 N + 45 kg.ha-1 P2O5 combined with 5 vinasse doses in the subplots as V0=0
m3.ha-1, V1=25 m3.ha-1, V2=50 m3.ha-1, V3=75 m3.ha-1 and V4=100 m3 ha-1. Sugar
and cane yields increased with application of vinasse. Best results were obtained
when using vinasse as 50 m3 ha-1 on plant-cane and 100 m3 ha-1 on first and
second ratoons. The N, P2O5 and K2O sugarcane demands were supplied by the
50 m3 ha-1 vinasse dose (V2) in proportions of 55%, 72% and 100% respectively.
Vinasse application demonstrated its efficiency as fertilizer material as well as
reducing vinasse contaminant effects to waterways.
Key words: contaminants, fertilizer, nutrients, yield, sugarcane, vinasse.

Resumen

La vinasa es un residuo industrial líquido de la destilación del alcohol,
altamente corrosivo y contaminante. La vinasa contiene elevados niveles de potasio,
calcio y materia orgánica disuelta, así como niveles medios de nitrógeno y fósforo.
En este trabajo realizado durante los años 92-95 en plantilla, primera y segunda
soca de caña de azúcar, se estudiaron los efectos de la aplicación de varias dosis
de vinasa en combinación con la fertilización mineral, sobre la productividad del
cultivo. Se utilizó un diseño experimental completamente aleatorizado en parcelas
divididas, con cuatro repeticiones. Los tratamientos fueron tres niveles de

Recibido el 18-10-1999 l Aceptado el 20-3-2001
1. Financiamiento por CDCHT-UCLA y convenio CONICIT-UCLA F-57
2. Departamento de Suelos, Decanato de Agronomía, Universidad Centroccidental Lisandro
Alvarado. Apartado 400, Barquisimeto, Venezuela. email: orodrigu@telcel.net.ve
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fertilización mineral (F0= 0 kg ha-1; F1= 180 kg ha-1 N + 160 kg ha-1 P2O5 + 220
kg ha-1 K2O; F3= 80 kg.ha-1 N + 45 kg ha-1 P2O5 combinados con cinco niveles de
vinasa en las sub-parcelas, V0=0 m3 ha-1, V1=25 m3.ha-1, V2=50 m3 ha-1, V2=75
m3 ha-1, V5=100 m3 ha-1. El rendimiento en azúcar y en caña fue incrementado
con la aplicación de la vinasa. Los mejores resultados fueron obtenidos con la
aplicación de vinasa a niveles de 50 m3 ha-1 en plantilla y de 100 m3 ha-1 en
primera y segunda soca. Los resultados demuestran que las demandas de N,
P2O5 y K2O de la caña de azúcar, fueron suministradas por la dosis de 50 m3 ha-

1 de vinasa, en proporción de 55 %, 72 % y 100 %, respectivamente. Los resultados
de la aplicación de vinasa demostraron su eficacia como material fertilizante y la
reducción de su efecto contaminante a las vías de agua.
Palabras clave: contaminantes, fertilizantes, nutrientes, rendimiento, caña de
azucar, vinasa.

Introduction

One of the factors affecting sugar-
cane productivity is fertilization. How-
ever, mineral fertilizers have signifi-
cantly increased their prices. As a re-
sult, it has become necessary to seek
alternatives that would supply the soil
with more economic nutrients.

The Turbio river plain in Lara
state, Venezuela, is an important su-
garcane production area (4). Several
sugarcane alcohol distilleries are lo-
cated in Lara state. Vinasse is a by-
product of distilleries during alcohol
production. In terms of volume, ap-
proximately 13 L of vinasse are pro-
duced by each L of alcohol obtained
from cane must (3). Vinasse is a resi-
due highly corrosive and contaminant
to water sources (2, 3). According in-
formation (personal communications)
of the Department of Environmental
Control of Licorerias Unidas S.A. and
the Department of Quality Control of
Alcoholes Occidente C.A., two local
distilleries, they respectively produce
around 1.000.000 and 700.000 L by day
of vinasse, which disposition is a lo-
cally relevant affair.

Vinasse has high levels of potas-
sium, calcium and organic matter in
its chemical composition as well as
moderate amounts of nitrogen and
phosphorus (5) and could represent an
alternative to supply such nutrients
in crop production (4, 5).

Various research works carried
out in other countries, particularly in
Brazil, report that vinasse increases
sugarcane productivity (2, 3, 5, 7) as
well as they have demostrated that
under controlled conditions, it can par-
tially or completely replace mineral
fertilization.

Current reports of vinasse re-
search come from regions with differ-
ent topography, climate and soil con-
ditions to the areas where sugarcane
is cultivated in Venezuela, so those
experiences cannot be directly extrapo-
lated to our conditions (2, 4, 6, 7, 9,
10). It is therefore necessary to adapt
the technology of using vinasse in sug-
arcane production to the Turbio river
plain conditions, by setting up research
that determines the effects of vinasse
as a fertilizer in sugarcane cultivation.
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The former statements constitute
the general framework of the current
work. So the objectives of this work
are:

1. To compare the use of vinasse
as a fertilizer source versus a conven-
tional mineral fertilizer application in

a soil of the Turbio river valley.
2. To determine the effect of ap-

plication of different doses of vinasse
on yield and quality of the sugarcane
crop in a soil of the Turbio river val-
ley.

Materials and methods

This work was carried out as a
three years field experiment (plant-cane,
first ratoon and second ratoon), from
1992 to 1995, on a representative soil of
the Turbio river plain sugarcane pro-
ducing area in Lara state, Venezuela.
According the Soil Taxonomy system of
soil classification, the soil is a Fluventic
Ustropept with the following properties;
clay loam texture; moderately alkaline
pH (7,4); moderately high salinity with
EC (1:2) of 1,9 dS m-1; low value of or-
ganic matter (3,1 %); moderately high
CEC (23 cmol kg-1); low P content (6 mg
kg-1); high Ca content (22.187 mg kg-1);
medium Mg content (343 mg kg-1); low
K content (46 mg kg-1); good external and
internal drainage (6).

A PR 980 sugarcane variety was
used for the experiment. The experi-
mental design used was a completely
randomized with 4 replications. The
treatment design was a split plot where
3 levels of chemical fertilizers (F) were
assigned to the main plots and 5 lev-
els of vinasse (V) were assigned to the
subplots.

The doses of chemical fertilizer used
were as follows:

FO= No chemical fertilizer use.
F1= 180 kg ha-1 of N + 160 kg ha-1

P2O5 + 220 kg ha-1 K2O. These are the
amounts of fertilizer usually applied in
the area.

F2 = Complementary fertiliza-
tion, using 80 kg ha-1 of N + 45 kg ha-

1 of P2O5.
The following doses of vinasse

were applied in the subplots as:
VO=0 m3 ha-1

V1=25 m3 ha-1

V2=50 m3 ha-1

V3=75 m3 ha-1

V4=100 m3 ha-1

For the first, second and third
growing cycles (plant-cane, first ratoon
and second ratoon, respectively), N and
K doses were divided in two applica-
tions, half at the beginning and 45 days
later, the other half. All P was applied
at the beginning of each cycle. For
plant-cane, first ratoon and second
ratoon respectively, the dose of vinasse
was divided in two applications, half
10 days after beginning the cycle and
the other half, 45 days after the first
application.

The vinasse was manually ap-
plied using 20 L plastic containers. The
crop was irrigated the day after the
application of vinasse.

Vinasse from a local distillery
was used and analysis of N, P, K, Ca,
Mg, pH and organic matter were per-
formed according American Society for
Testing and Materials (1) Vinasse
analysis reports are the following: N
(2 kg m-3); P2O5 (2,3 kg m-3); K2O (7,5
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kg m-3), pH (4,2); organic matter (98,1
%).

Twenty stalks of the two central
rows of each subplot were randomly
harvested and weighed immediately.
Sugar concentration was determined
in sub samples taken from the bio-
mass harvested in each plot. The re-

sults obtained are expressed in mg ha-

1 of cane and in mg ha-1 of sugar.
Data were analyzed for signifi-

cant differences using a split-plot
analysis of variance and Duncan mul-
tiple range tests were used to separate
means.

Results and discussion

The average yield of cane per ha
for the different treatments are pre-
sented in table 1. There, it could be
observed that for plant-cane, in the
treatments where no chemical fertil-
izers are added (F0V0, F0V1, F0V2,
F0V3, F0V4), a successive increase in
cane yield is obtained with the succes-
sive increases in vinasse application.
For first and second ratoon, the in-
crease in yield also occurs with the a-
pplication of vinasse as compared with
its no application. The application of
100 m3 ha-1 (F0V4), increased cane yield
in 27 % for plant-cane, 23 % in first
ratoon and 65 % in second ratoon in
relationship with the treatment F0V0.

Variance analysis performed to
these data showed that for cane yield
on plant-cane, there were statistic high
significant differences (1%) for vinasse
application (V) and statistic significant
differences (5%) for the interaction bet-
ween the chemical fertilizer and
vinasse (FxV). For the first ratoon,
there were significant statistic diffe-
rences for the chemical fertilizer (F),
for vinasse (V) and for the interaction
between the chemical fertilizer and
vinasse (FxV). For the second ratoon,
there were statistic high significant
differences for the chemical fertilizer
(F), for vinasse (V) and for the interac-

tion between the chemical fertilizer
and vinasse (FxV).

The average sugar yield per ha
of the different treatments, are pre-
sented in table 2. In the treatments
where no chemical fertilizers are added
(F0V0, F0V1, F0V2, F0V3, F0V4), the
sugar yield is increased in all the treat-
ments where vinasse is applied as com-
pared with no application. The appli-
cation of 100 m3 ha-1 (F0V4), increased
sugar yield in 22 % for plant-cane, 30
% in first ratoon and 63 % in second
ratoon in relationship with the treat-
ment F0V0.

Variance analysis performed to
these data showed that for sugar yield
on plant-cane cycle, there were statis-
tic high significant differences (1%) for
vinasse application (V) and statistic
significant differences (5%) for the in-
teraction between the chemical fertil-
izer and vinasse (FxV). For the first
ratoon, there were statistic high sig-
nificant differences for the chemical
fertilizer (F) and for vinasse (V) treat-
ments. For the second ratoon, there
were statistic high significant differ-
ences for the chemical fertilizer (F), for
vinasse (V) and statistic significant
differences for the interaction between
the chemical fertilizer and vinasse
(FxV).
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Table 1. Average cane yield for the different chemical fertilizer and
vinasse doses.

Cane Yield (mg ha-1)

Treatment Plant-cane First ratoon Second ratoon

F0VO 94 77 51
FOV1 116 86 59
FOV2 112 96 75
FOV3 116 82 71
FOV4 119 95 84
F1V0 95 96 89
F1V1 105 100 110
F1V2 140 105 100
F1V3 124 106 99
F1V4 139 110 111
F2V0 93 80 69
F2V1 112 100 81
F2V2 136 103 72
F2V3 97 94 87
F2V4 94 109 100

Table 2. Average sugar yield for the different chemical fertilizer and
vinasse doses.

Sugar yield  (mg ha-1)

Treatment Plant-cane First ratoon Second ratoon

F0VO 9,56 6,56 5,45
FOV1 12,79 7,68 6,41
FOV2 11,75 8,52 8,15
FOV3 12,95 7,83 7,75
FOV4 11,65 8,52 8,91
F1V0 11,22 9,09 9,75
F1V1 10,83 9,86 12,36
F1V2 15,61 10,17 10,03
F1V3 13,63 10,03 10,61
F1V4 14,69 10,72 12,71
F2V0 9,54 7,53 7,39
F2V1 12,43 9,79 9,06
F2V2 14,69 9,57 7,55
F2V3 9,87 9,36 10,11
F2V4 9,53 10,73 10,68
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The data on table 1 and table 2
shows that yield of cane and sugar of
the crop is always larger in plant-cane,
and decreases with successive ratoons.
This is the common trend of yield on
sugar cane production (2, 3, 8, 10).

Results expressed as mean yields
in cane per hectare for the different
doses of vinasse applied over the three
cultivation cycles are shown in table
3.

Table 3 shows that in the case of
plant-cane and first ratoon, application
of 50 m3 ha-1 (V2) and 100 m3 ha-1 (V4)
of vinasse, significantively increased
average cane yield. For second ratoon,
all the vinasse doses used increased
cane yield. In relative terms, the data
shows that application of 50 m3.ha-1 of
vinasse (table 3), increased cane yield
by 38% as compared with the control
sample (0 m3 ha-1). For first ratoon and
second ratoon, the application of 100
m3 ha-1 increased average cane yield
by 24% and 38% respectively as com-
pared with the control sample (F0V0).

These results show that the use
of vinasse could be effectively used to
increase the sugarcane yield. Similar
results were reported by Rossetto (9),
who obtained the best yield in cane per
hectare when applied 60 m3 ha-1 of
vinasse on plant-cane growing cycle.
COPERSUCAR (2), reported that ap-
plication of vinasse to cane ratoons over
three consecutive years, resulted in an
increase in yield with a dose of 90 m3

ha-1 as compared with no vinasse ap-
plication.

Results expressed as mean yields
in sugar per hectare for the different
doses of vinasse applied over three con-
secutive production cycles are shown
in table 4.

Application of 50 m3 ha-1 of
vinasse (V2) to plant-cane cycle, in-
creased sugar yield (table 4), in yield
of 39% conpored with control treatment
(V0). For the first ratoon and for the
second ratoon, the application of 100
m3.ha-1 of vinasse (V4), also increased
average sugar yield (table 4), the in-
crease being 30% and 43% respectively
as compared with the control treat-
ment (0 m3 ha-1). These results show
that the application of vinasse as com-
pared with the control sample, in-
creased sugar yield.

Table 5 shows some advantages
of using vinasse as a fertilizer. The
table 5 shows that for plant-cane, the
application of 80 kg ha-1 of N and 45
kg ha-1 of P2O5 supplemented by 50 m3

ha-1 of vinasse (F2V2), increased yield
in 41 mg ha-1 of cane and in 3,47 mg
ha-1 of sugar as compared with F1V0.
That is, using vinasse as complement
fertilizer on plant-cane, resulted in a
yield increase of 43% in cane and 31%
in sugar as compared with mineral
fertilization.

On first ratoon, use of 80 kg.ha-1

of N and 45 kg ha-1 of P2O5 plus 100 m3

ha-1 of vinasse (F2V4), increased yield
in 13 mg ha-1 of cane and in 1,64 mg
ha-1 of sugar as compared with min-
eral fertilization (F1V0). That is us-
ing vinasse as complement fertilizer
resulted in a 13% increase in cane and
18% increase in sugar yield as com-
pared with solo mineral fertilization
(F1V0).

In second ratoon, the treatment
F2V4, increased yield in 11 mg ha-1 of
cane and in 0,93 mg ha-1 of sugar as
compared with the treatment F1V0
(table 5). On second ratoon, using
vinasse as complement fertilizer re-
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Table 3. Sub plots (vinasse) effect on cane yields as compared by using
a Duncan multiple range test*.

Treatment & Vinasse Cane Yield (mg ha-1)
     Dose (m3.ha-1) Production cycles

Plant-cane ** First Ratoon * Second Ratoon **

V0 0 93,67 b 84,17 b 69,33 c
V1 25 110,92 ab 95,58 ab 83,65 b
V2 50 129,33 a 101,42 a 82,37 b
V3 75 112,17 ab 94,00 ab 85,92 b
V4 100 117,33 a 104,75 a 95,69 a

* Statistic differences at 5% level.
** Statistic differences at 1% level.
Data with same letters in each column are not statistically different from each other.

Table 4. Sub plots (vinasse) effect on sugar yield as compared by using
a Duncan multiple range test.*

Treatment & Vinasse Sugar Yield (mg ha-1)
     Dose (m3 ha-1) Production cycles

Plant-cane ** First Ratoon ** Second Ratoon **

V0 0 10,11 b 7,73 b 7,53 c
V1 25 12,02 ab 9,11 ab 9,37 b
V2 50 14,01 a 9,42 a 8,91 b
V3 75 12,15 ab 9,07 ab 9,49 ab
V4 100 11,96 ab 10,07 a 10,77 a

** Statistic differences at 1% level.
Data with same letters in each column are not statistically different from each other.

sulted in a 12% in cane and 10% in
sugar yields as compared with solo
mineral fertilization (table 5).

These results demonstrated that
by using vinasse as a complement fer-
tilizer, sugarcane productivity in-
creases as cane and sugar production
per hectare is increased.

As the vinasse used in this ex-
periment has a content of 2 kg m-3 of
N, 2,3 kg m-3 of P2O5 and 7,5 kg m-3 of
K2O, the analysis of these data sug-

gests that with the dose of 50 m3  ha-1

of vinasse, 55% of the N, 72% of the
P2O5 and 100% of the K2O provided by
the mineral fertilization could be re-
placed by the vinasse.

Comparing the mineral fertilizer
dose usually applied in the river Turbio
plain area (F1V0), with the use of
vinasse, the data suggests that appli-
cation of vinasse as complement fer-
tilizer (F2V4), increases sugarcane
productivity because both, the yield of
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Table 5. Comparison of mineral fertilization (F1V0) usually applied for sugarcane in the area against
application of 50 m3.ha-1 vinasse (F2V4) plus complementary mineral fertilization.

Treatment Production

Cane Sugar Increase (%)
mg ha-1 mg ha-1 Cane Sugar

Plant
F1 VO: 180 kg ha-1 N+160 kg ha-1  P205+220 kg ha-1 K20 95 11,22
F2 V2: 80 kg ha-1 N+45 kg ha-1  P205+50 m3 ha-1Vinasse 136 14,69 43 31
Ratoon I
F1 VO: 180 kg ha-1 N+160 kg ha-1 P205+ 50 kg ha-1 K20 96 9,09
F2 V4: 80 kg ha-1 N+45 kg/ha P205+100 m3 ha-1 Vinasse 109 10,73 13 18
Ratoon II
F1 VO: 180 kg ha-1 N+160 kg ha-1 P205 + 50 kg ha-1 K20 89 9,75
F2 V4:80 kg ha-1 N+45 kg ha-1 P205+100 m3 ha-1 Vinasse 100 10,68 12 10
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the crop and the yield in sugar per
hectare were significantly increased
(table 5).

The application of vinasse to the
soils for sugarcane fertilization reduces

its disposition in waterways and so its
contaminant effects besides increasing
sugarcane yields and reducing fertil-
izer expenses.

Conclusions

Vinasse increased sugarcane pro-
ductivity because the yield of the crop
and the yield in sugar per hectare were
both significantly increased.

Highest yields were obtained
when 50 m3 ha-1 of vinasse were incor-
porated for plant-cane cycle and 100
m3 ha-1 of vinasse for first and second
ratoons.

With the use of vinasse as a fer-
tilizer, acceptable sugarcane yields

were obtained without the addition of
mineral fertilizer. However, it was
found that mineral fertilizer plus
vinasse as a complement was neces-
sary to reach higher production lev-
els.

The application of 50 m3 ha-1

vinasse would substitute for 55% of the
N, 72% of the P2O5 and 100% of the
K2O that has to be applied using min-
eral fertilization.
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—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1. INTRODUCTION

Rum is the alcoholic beverage made exclusively from sugar
cane (Saccharum officinarum L.) juice and its by-products
(molasses from the manufacture of cane sugar or syrups).
The first stage of rum-making is an alcoholic fermentation of
musts made of raw materials diluted with water. The fer-
mented media are then distilled. The distillates are matured
for a few days up to several years in tanks, wooden vats
or oak casks, before being reduced, by water dilution, to a
commercial alcoholic strength (Fahrasmane et al. 1996).

In rum production, the alcoholic fermentation is performed
through the action of yeasts, traditionally comprising Sac-
charomyces strains and, depending on the type of rum, Schizo-
saccharomyces strains. Bacteria that are found mainly in raw
materials (cane juice and molasses as well as dilution waters)
have metabolic activity simultaneously with the ethanol-
producing yeast flora during the alcoholic fermentation,
interact with its kinetics and biochemistry and affect the
organoleptic properties of rums (Table 1).

The nature and abundance of the bacterial flora depend on
the sanitary status of the raw material and the must
components.

The bacteriostatic or sterilizing thermal treatment of must
components and the acidification of the media, as well as the
use of antibiotics and fermentation yeasts, make it possible to
control the bacterial flora, which produces aromatic
compounds. Some of these compounds (acrylic acid, acrolein,

Correspondence to: Louis Fahrasmane, I.N.R.A. Station de Technologie des
Produits Végétaux BP 515, 97165 Pointe à Pitre cedex, France.

© 1998 The Society for Applied Microbiology

etc.) may be detrimental to the organoleptic properties of the
rum and be a source of unwanted specific toxicity.

Rum fermentation media containing yeast and bacterial
flora of the ‘wild’ type are natural ecosystems giving rise to
flavours in the rum, so that it possesses distinctive features
linked to the local natural environment.

In the present study carried out on Guadeloupe, Mar-
tinique and Haiti, a list was established of the microbial flora
of molasses or cane sugar-based fermentation media, while the
dynamics of the bacterial population during the fermentation
cycle were also investigated. Bacterial overpopulation affect-
ing the organoleptic properties of the products was analysed
and technical information is provided for the control of bac-
terial populations at levels that enable the production of
aromatic rums.

The results and data presented are a synthesis of 20 years’
work. Consequently taxonomic references are not the most
recent.

2. RUM TECHNOLOGY EVOLUTION AND
MICROBIOLOGY

At the end of the 15th century, Christopher Colombus, rep-
resenting Genoese and Venetian interests, prospected for
areas in America better adapted to sugar cane crops than the
Mediterranean islands and shores. As a result, rum pro-
duction started with the expansion of sugar cane cropping
on the American continent from the 16th century onwards.
Molasses, a by-product of cane sugar manufacture, were a
source of fermentable sugars.
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Table 1 Features of the four main types of rum
—––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Rhum agricole Rhum industriel Heavy-flavour rum Light-flavour rum
—––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Raw materials Sugar cane juice Molasses Molasses Molasses
NA ×225 ×225 ×800 ³225

(Ester ×500)
Distillation type Simple, continuous column Simple, continuous column Simple, continuous column Rectification, multistage

column
Fermentation type Mixed Mixed Mixed Pure
Microbial flora Bacteria, Saccharomyces Bacteria, Saccharomyces Bacteria, Schizosaccharomyces Saccharomyces
—––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

NA, non-alcohol (volatile compounds other than ethanol); values are in g hl−1 pure alcohol.

In those days, musts, rum fermentation media, were gen-
erally composed of 10–15% molasses by volume, 40–70%
stillage, the residuary liquor from distillation otherwise
named slop or spent wash, and water. Under these conditions,
‘wild’ fermentation is able to start spontaneously; micro-
organisms show good resistance to previous handling during
the manufacture of sugar (heating, clarification, etc.) and to
competitors brought in with the wooden vats used for mol-
asses fermentation but not cleaned out after previous oper-
ations. They arise in composition ponds and then become
active during fermentation. Nowadays, ‘rhum industriel’
(made from molasses) results from the evolution of this kind
of production.

Towards the middle of the 19th century, another system of
rum production was developed in which the source of sugar
was no longer molasses, but raw or boiled sugar cane juice as
well as syrups. In fact, syrup was probably used as far back
as the 18th century. This system originated from the slump
in the sugar market and marked the beginning of ‘rhum
agricole’ (made from sugar cane juice) production on plan-
tations that were independent of sugar-manufacturers. The
percentage of stillage in the must composition was lower (10–
30%) than in molasses-based rum production. The fer-
mentation flora was of the ‘wild’ type with elliptical yeast
strains.

The composition and therefore the flora of rum fer-
mentation media changed in the course of time in relation to
technical and economic factors, control of water resources
and increasing experience in microbiology. These changes in
production processes, just as the move from still to column
distillation during the 19th century, modified the composition
and the organoleptic properties of rums.

Four types of rum are determined by raw materials, micro-
biology of the fermentation media and distillation. They are
as follows (Table 1): ‘rhum agricole’; ‘rhum industriel’; light-
flavour rum and heavy-flavour rum.

The physico-chemical conditions of the media have always
largely determined the microbiology and the course of the

© 1998 The Society for Applied Microbiology, Journal of Applied Microbiology 84, 921–928

fermentation process; acidity and non-sugar components are
of primary importance in the ‘wildness’ of fermentation
involving Schizosaccharomyces, while the non-sugar content
has a considerable effect on the yield of the sugar–alcohol
transformation; temperature (26–35 °C) has a substantial
influence on the nature and importance of bacterial flora
metabolites. These factors contribute to rum characteristics.

In addition to the microbial aspects, the yield of the sugar–
alcohol transformation has a large variability both in rum and
bioethanol production. The sugar content of the musts is
generally about 100 g l−1, while the fermentation cycle ranges
from 18 to 40 h. In 1917, Magne showed that the considerable
variations in yield for molasses were related to yeasting con-
ditions: pure yeast 85–95% of Pasteur yield; yeast with anti-
septic 70–85%; pressed yeast 50–75% and ‘wild’
fermentation 40–60%.

During the treatment of sugar cane stalks in distilleries,
nearly half of all the losses of yield of alcohol occurs during
the fermentation stage (Table 2).

Table 2 Losses at different stages of the process in the rum
distillery as percent of ethanol equivalent
—–––––––––––––––––––––––––––––––––––––––––––––––––––––

Losses
—––––––––––––––––––––––––––––––––
Ethanol Rum
production production

Operation in Brazil* in F.W.I.†
—–––––––––––––––––––––––––––––––––––––––––––––––––––––
Extraction/crushing 6·0 9·0
Clarification 2·0 —
Fermentation 10·0 12·5
Distillation 3·0 0·9
Others — 2·0
—–––––––––––––––––––––––––––––––––––––––––––––––––––––

*According to Ebeling (1989).
†Means for 39 samples from 13 cottage distilleries in the French
West Indies (F.W.I.).
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Measurements of the sugar–alcohol yield in fermentation
media containing molasses, syrup or cane juice in a given
rum distillery indicate that the variations depend on the raw
material used (Destruhaut et al. 1985): Gay-Lussac yield, 0·64
l of pure alcohol (lPA) kg−1 glucose; Pasteur yield, 0·61
lPA kg−1 glucose; theoretical maximal yield, 0·59 lPA kg−1

glucose (97% of Pasteur yield); yield on molasses, 0·52 lPA
kg−1 glucose (85% of Pasteur yield); yield on cane juice, 0·47
lPA kg−1 glucose (77% of Pasteur yield); yield on syrup, 0·40
lPA kg−1 glucose (66% of Pasteur yield).

In Brazil, the average yield is 0·53 lPA kg−1 glucose in
bioethanol produced from cane juice and enriched by the
addition of concentrate or molasses (Ebeling 1989) (Table 2).

From sugar beet, in the same ethanol production system,
Allar and de Miniac (1985) obtained yields of 0·59 and 0·60
with molasses using condensed recycling and with waste
water involving slop recycling, respectively.

These figures indicate that, being higher in molasses, the
non-sugar component in raw materials is a nutrient source as
well as a factor affecting fermentation yield. A significant
improvement in rum yields is also possible.

The spectra of short-chain fatty acids of rums show a
particular pattern, both in terms of quality as well as quantity,
resulting from the bacterial activity in fermentation media;
these compounds contribute to the formation of esters. Pro-
pionic, butyric and valeric acid levels are particularly high in
rums compared with other spirits (Suomalainen 1975).
Propenoic acid indicates an intense bacterial activity (Fah-
rasmane et al. 1983). Formic acid can provide information on
the conditions of rum production and also contribute to
quality evaluation; an increase in formic acid content often
reveals bacterial problems (Jouret et al. 1990).

3. YEASTS IN RUM PRODUCTION

Greg (1895) in Jamaica and Pairault (1903) in the French
West Indies, especially in Martinique, followed by Allan
(1906) and Ashby (1909) in Jamaica and then Kayser (1917)
in the French West Indies were among the few researchers
in a position to observe that Schizosaccharomyces strains are
the only alcoholic yeasts to develop in molasses- and slop-
based fermentation media in which acidity is due to the
addition of slops. The osmotic pressure is prejudicial to the
activity of elliptic yeasts. The latter yeasts (Saccharomyces,
Torula, Zygosaccharomyces, etc.) are active in media in which
the slop content is low or replaced by water.

3.1 Evolution of the yeast flora

Bryan Higgins, an Irish naturalist, was the first to study rum
production in Jamaica in a scientific way. His work (1799–
1803) is considered as a classic reference. About 100 years
later, in Jamaica, the Englishman Greg (1895), who studied

© 1998 The Society for Applied Microbiology, Journal of Applied Microbiology 84, 921–928

microbiology with the Danish workers Hansen and Jorgen-
sen, published several articles on the subject. At the beginning
of the 20thcentury, in Martinique, Pairault (1903), the head
chemist of the French colonial army, came to the conclusion
that ‘wild’ yeast should imperatively be replaced by pure
fermentations. Kayser, the director of the fermentation lab-
oratory at the Institut Pasteur in Paris, carried out a detailed
survey of rum yeasts in 1913. As a result, he advocated pure
fermentation with selected yeasts. These researchers, who
thought that the bacterial flora adversely influenced rum
fermentation, were especially concerned with improving pro-
ductivity. On the contrary, two chemists who studied rum
production in Jamaica (Allan 1905; Ashby 1907) agreed on
the leading role of bacteria in the aroma development of
heavy-flavour rums.

After 1918, some distillers in the French West Indies who
wanted to increase the alcoholic yield decided to put into
practice the advice of Pairault and Kayser on pure fermen-
tations. Although the result was an increase in yields, the
quality of these products evidently fell because of their
increased chemical neutrality. Rocques (1927) was com-
missioned by the French Ministry of Agriculture to carry out
a study which concluded that ‘rums produced from pure and
rapid fermentations are characterized by low levels of acid
and ester as well as relatively high contents in the higher
alcohols’.

Most rum producers subsequently gave up the use of
selected yeasts and decided that ‘wild’ fermentations gave the
best results, by producing rums with richer flavour.

Arroyo (1945), working in Puerto Rico, thought that contro-
versies about the seeding of fermentation media and the role
of bacteria in rum production were due to misunderstandings
and over-hasty generalizations. Indeed, production targets in
organoleptic properties seemed not to have been taken into
account in choosing the correct moment for modification of
the fermentation stage. Therefore, this scientist considered
that some bacterial species, which can be found to a certain
extent according to the kind of rum produced, increased the
volume and the persistence of the aroma.

Kervegant (1946) wrote an account of the history and state
of the art in this field in his 500-page book entitled Rhums et
eaux-de-vie de canne.

In the 1970s in the French West Indies, operators attempt-
ing to control fermentation risks (cessation, prolongation and
acidification) decided to use dried baker’s yeast—a cheap
and easily available commodity—as a booster to alcoholic
fermentation. Moreover, production was moving towards
lighter products to meet the market demand and, as a result,
slops were no longer used in must composition.

According to a classification of ‘wild’ yeasts drawn up by
Parfait and Sabin (1975) (Table 3), Schizosaccharomyces yeasts
can only be found in the fermentation media used in heavy-
flavour rum production. Saccharomyces are alcoholic agents
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Table 3 Occurrence of yeast strains in the raw material, must
and stillage in 26 samples (10 from plant using molasses and
16 using cane juice)
—–––––––––––––––––––––––––––––––––––––––––––––––––––––

Raw
Isolated yeasts material Must Stillage
—–––––––––––––––––––––––––––––––––––––––––––––––––––––
Saccharomyces cerevisiae 10 19 15
Saccharomyces chevalieri 3 5 4
Saccharomyces rouxii 1 1 1
Saccharomyces aceti 1 5 3
Saccharomyces microellipsodes 1
Saccharomyces delbruckii 1
Saccharomyces carlsbergensis 2 1
Schizosaccharomyces pombe 1 1
Pichia membranaefaciens 1
Hansenula anomala 2 2 2
Hansenula minuta 1
Candida krusei 1 2
Candida pseudotropicalis 1
Candida tropicalis 1
Torulopsis candida 2
Torulopsis globusa 3 1
Torulopsis glabrata 4 2 3
Torulopsis stellata 1 1
—–––––––––––––––––––––––––––––––––––––––––––––––––––––

From Parfait and Sabin (1975). Identifications according to
Lodder (1970).

in ‘wild’ fermentation media as well as seeded media in which
the slop content is low or, as in most cases, not used.

An inquiry carried out in the early 1970s into Haitian
distilleries, where fermentations were obtained from cane
juice diluted with stillage, showed that Schizosaccharomyces
were found as the alcoholic fermentation yeast (Fahrasmane
et al. 1988). Three species were identified from 60 samples.
Under Lodder’s nomenclature, they were classified as fol-
lows: Schizosaccharomyces pombe LINDNER (55 samples); S.
malidevorans RANKINE and FORNACHON (four samples)
and S. japonicus YAKAWA and MAKI (one sample).

After a more recent classification by Barnett et al. (1990),
S. pombe and S. malidevorans are considered as the same
species, i.e. S. pombe. Schizosaccharomyces japonicus has been
renamed as Hasegawea japonica YAMADA and BANNO.
The latter yeast species has a low fermenting capacity and
relatively slow kinetics compared with the other Schizo-
sacharomyces species tested in the laboratory.

As early as 1945, Arroyo pointed out that economic necessi-
ties such as production standardization would lead to fer-
mentation control through selected yeasts.

3.2 Prospects

The selection of rum yeasts from ‘wild’ strains of sugar cane-
based media is now under way at our laboratory. We are

© 1998 The Society for Applied Microbiology, Journal of Applied Microbiology 84, 921–928

currently developing protocols for the use of these strains.
One of our strains has the characteristic of high temperature
resistance (36 °C). Among our comparative works for rum
yeast selection, the best results were obtained with a local
strain. The world’s first selected rum yeast from our collec-
tion, a Saccharomyces cerevisiae var. cerevisiae, is marketed by
Lallemand Inc. under the appellation Danstill 493 EDV.
Attempts are being made to define the characteristics of a
‘fermenting’ cane that is better adapted to the distillery objec-
tives than sugar cane and its by-products.

The search for new means of nutritional supplementation
of fermentation media to improve yield and productivity,
such as sterols from clarifying mud (Bourgeois and Fah-
rasmane 1988) and the selection of yeasts adapted to sugar
cane-based media, is essential in order to improve the fer-
mentation.

Yield improvement in rum production should take account
of the fact that aroma gives the rums their organoleptic
characteristics, which are mainly developed by the bacteria
in aromatic rum production.

4. BACTERIAL FLORA

The fermentation media contain a bacterial flora whose nature
depends on the raw materials used and the environment;
the bacterial count is related to the healthiness of the must
components. Some substances, produced by bacteria that
essentially acidify the media, may sometimes disturb the
alcoholic fermentation and are detrimental to the organoleptic
properties of the end-product.

Along with the bacteria that are significant from a tech-
nological point of view (see Table 4), a minor flora of common
forms is also present (Enterobacteria, Streptococcus, Pseudo-
monas, etc.) (Ganou-Parfait et al. 1989) as well as sulphate-
reducing bacteria (SRB). Until now, few studies have been
made on these bacteria.

Bacterial metabolites have been proposed as markers for
rums and as discriminants between ‘rhums industriels’ and
‘rhums agricoles’. Alkylpyrazines, which are components of
molasses, appear to be of interest in distinguishing ‘rhums
blancs agricoles’ from molasses-based rums (Jouret et al.
1994).

4.1 Origin and nature of the bacterial flora

In the French West Indies, the fermentation of molasses- and
cane juice-based media traditionally occurs without further
protection other than acidification of musts at pH 4·5 by the
addition of sulphuric acid. This acid treatment has pro-
gressively replaced slop addition since the beginning of the
century.
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4.1.1 Cane juice. During a fermentation cycle, an aerobic
microflora first appears in musts, coming partly from the
waters used for dilution and from the equipment. It is com-
posed of corynebacteria, Micrococcus species, enterobacteria
and Bacillus species. Secondly, during the active phase of
alcoholic fermentation, yeasts and microaerophilic bacteria
appear, including Lactobacillus, Propionibacterium and Leu-
conostoc species (Ganou-Parfait et al. 1989; Ganou-Parfait and
Saint-Marc 1994) (Table 4).

The qualitative and quantitative composition of the bac-
terial flora is related to the phytosanitary condition of the
sugar cane. Juices extracted from sound and fresh sugar cane
contain a flora with a predominance of lactic bacteria.

The crushing of unsound cane stalks significantly increases
the bacterial count in the must up to 109 cfu ml−1.

4.1.2 Molasses. In the course of sugar production, the greater
part of the non-sporulated bacterial flora is destroyed. As a
result, molasses are generally less contaminated than cane
juice (102–103 bacteria g−1). However, some aerobic and
anaerobic sporulated bacteria remain. Lactobacillus and Pro-
pionibacterium species develop especially in molasses-based
musts (Ganou-Parfait and Saint-Marc 1994).

4.1.3 Dilution waters. The bacteria from dilution waters are
added to those coming from cane juice and molasses. A
specific feature of these waters is the existence of anaero-
tolerant pathogens such as coliforms, faecal Streptococcus and
Clostridium species and SRB, which are for the most part
inhibited by the ethanol produced during alcoholic fermen-
tation.

The mineral content depends on the water used (well or
surface water). We observed that the water’s mineral level
appeared to be related to the bacterial populations. Waters
containing high concentrations of mineral matter are the most
contaminated by bacteria (Ganou-Parfait et al. 1991).

4.1.4 Slops. Slops are used to dilute molasses for the pro-
duction of heavy-flavour rums. Since they are stored between
their production and their use, they are exposed to bacterial
acidification, and thereby acidify the fermentation media and
seed it with an abundant anaerobic bacterial flora.

4.2 Dynamics and control of the bacterial flora

During the fermentation cycle, different respiratory types
appear. They are determined by the media conditions, but in
a more significant way with cane juices than with molasses.
Aerobic bacteria are particularly active at the beginning dur-
ing the filling of the vats, a procedure that can take between
3 and 6 h in small plants; microaerophiles and anaerobic
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bacteria then appear owing to the increasing activity of
alcoholic fermentation yeasts.

In cane juice-based media, the aerobic flora at the begin-
ning of fermentation is composed of Micrococcus species (101

cfu ml−1), Bacillus species (102 cfu ml−1) and coryneforms
(105 cfu ml−1), some of these forms being related to reduction
in the healthiness of the raw materials (Listeria from worm-
eaten canes and Kurthia from rodent-eaten canes). In
addition, there are some common bacteria such as entero-
bacteria and Streptococcus species, etc. Almost all of these
bacteria produce undesirable substances such as acrylic acid,
acrolein and allylic (Ganou-Parfait et al. 1987; Lencrerot et al.
1984; Ganou-Parfait et al. 1988). In the active fermentation
phase, lactic bacteria are developed (105–106 cfu ml−1), as
well as Propionibacterium species (104 cfu ml−1), Clostridium
species (103 cfu ml−1) and Leuconostoc species (102 cfu ml−1).

The Leuconostoc count increases when using canes from
fields that are burnt before harvest to make cutting easier
(Picard and Torribio 1972).

The flora of the molasses-based media is chiefly composed
of lactic bacteria (105–106 cfu ml−1) and propionibacteria (105

cfu ml−1); in some cases Leuconostoc species can also be found
(104 cfu ml−1) depending on the quality of the molasses. The
aerobic flora is rather inactive because of the low con-
tamination of molasses by aerobic micro-organisms and the
vats’ filling-time which is generally shorter than with cane
juice (1–3 h).

The lowering of pH by addition of sulphuric acid is not
the only way to regulate the aerobic bacterial flora. The
control can be improved firstly by shortening the filling phase
and, secondly, by seeding the media with yeasts, so that the
fermentation phase can be started rapidly. It is also possible
to use mother vats, which enable seeding with yeasts in good
physiological condition. Thus, the production of detrimental
substances can be limited. The initial sugar contents of musts
in rum production are under 100 g l−1, while the fermentation
is rapid and lasts from 18 to 36 h. In terms of time and sugar
consumption, the aerobic phase represents 10–20% of the
fermentation cycle. The conditions under which the fer-
mentation starts may partly explain the considerable yield
losses at the fermentation stage.

It appears that the microaerophilic, Lactobacillus species
and Propionibacterium species flora is the most significant in
rum production media when the bacteriological quality of the
raw materials and of the water is good and when the aerobic
phase is shortened. The Lactobacillus species flora consumes
sugar and has an acidifying effect since it produces acids
(lactic, acetic and formic) that can be esterified. This flora
also produces 2-3 butanediol and diacetyl ( Jay 1982). To
a certain extent, these compounds and their by-products
positively contribute to the development of the organoleptic
properties of rum (Peynaud and Lafon 1951). The Pro-
pionibacterium species flora, owing to its special property of
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producing propionic acid, distinguishes rum from other spi-
rits by leading to relatively high concentrations of this acid
(Suomalainen 1975; Jounela-Eriksson 1979). The type of raw
material and the microaerophilic bacteria mentioned above
are more important than the fermentation yeast in making
aromatic rums a local product. Nevertheless, selected yeast
should not be neglected since its use under optimum con-
ditions enables good fermentation yields and increased pro-
ductivity.

Other kinds of bacteria are only significant under certain
conditions that are detrimental to the development of fer-
mentation and the quality of the product. For instance, when
there is a sanitary degradation of must components leading
to an increase in the bacterial count up to 109 cfu ml−1

(Ganou-Parfait and Saint-Marc 1994), the result is a con-
siderable and excessive acidification of the distillery products
as well as an off-flavour increase (Fahrasmane et al. 1983;
Lencrerot et al. 1984); at the same time, the yeast is inhibited
by lactic and acetic acid and by bacteriocins (Essia Ngang
et al. 1989, 1990). If the musts are insufficiently acidified,
thus promoting bacterial development, their optimum growth
varies from 6·0 to 6·5 (Table 4); the consequences are the
same as those mentioned above. If the vats are overheated
above 37 °C, which is the optimum temperature for the
growth of many of the bacteria, the yeast is inhibited and
fermentation consequently comes to an arrest (Arroyo 1945;
Merrit 1966; Lonvaud-Funel 1988).

5. CONCLUSION

The key factors for bacterial control include acidification of
the musts, temperature control and the use of selected yeasts.
The latter provides an active fermentation with a reduced
latency time, giving rise to a positive bacterial effect on the
quality and authenticity of the products.

Heavy-flavour rum is an aromatic quintessence produced
from media containing a ‘wild’ local flora; the expression of
its bacterial component is quite extraordinary. On the other
hand, light-flavour rums—in which the bacterial count and
activity are minimized—are related to rums mainly because
of the raw materials used. The ‘rhums traditionnels’ of the
French West Indies arise from a combination of raw materials,
native and/or selected yeasts and native bacteria; the prod-
ucts’ aromas are intermediate between the extremes of light-
flavour rum and heavy-flavour rum. Thus, nowadays ‘rhums
traditionnels’ are modern counterparts of the local archetypal
products made before the 20th century that have benefited
from the progress in microbiology.

Sugar cane and its by-products have always been used in
rum production; European regulations have given recognition
to this fact (O.J. of the European Communities 1989). The
diversity of production processes has led to several types of
rums in which local bacterial flora is a key factor. Lactobacillus
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and Propionibacterium species are the most important genera
in the context of a controlled technology.

Alcoholic fermentation yeasts added according to defined
technical stages have optimized efficiency. Above all, yeast is
a technological efficiency factor. However, the yeast also plays
a role in the synthesis of the components and the precursors
of aroma. For example, the synthesis of volatile fatty acids is
modulated, according to the strain, by the citric acid con-
centration in the raw material (Fahrasmane et al. 1985).

The production of aromatic rums in which ethanol is a
carrier-solvent for flavour-giving molecules enables this spirit
to be used rather like an aromatic resource.

There are several ways of consuming and using colourless
(white) or matured rums. The volume of rum sold in France
in 1992 (75 000 hectolitres pure alcohol) is higher than that
of Cognac, Armagnac brandy and Cider brandy together.
Aromatic rum from the French West Indies is a choice
ingredient for cooking with respect to its flavouring proper-
ties.

The current state of technological and chemical knowledge
on rums points to the important role of the bacterial flora as
far as the aromatic product composition is concerned (acids
and esters, etc.).

In the future, the use of sensorial analysis, in addition to
physico-chemical methods and leading on from micro-
biological research, will make it possible to estimate the cor-
rect limits of the bacterial expression needed to make high-
quality aromatic products.
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Règlement CEE n 1576/89 N L160/3.
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Abstract

A study of the aerobic degradation of beet molasses alcoholic fermentation wastewater diluted to 50% (chemical oxygen demand,

COD: 82 g/l) was carried out using the following fungi: Penicillium sp., Penicillium decumbens , Penicillium lignorum and Aspergillus

niger . These four microorganisms produce a decolorization of the wastewater from the first day of incubation, achieving the

maximum decolorization level at the fourth day of treatment in all cases. P. decumbes showed the maximum decolorization with a

percentage of 40%. Simultaneously, a significant reduction in the phenolic content of the wastewater was also observed in all cases,

reaching average removals of 70% for the four microorganisms studied. Average COD removals were similar in the four cases,

achieving maximum values of 52.1 and 50.7%, respectively, on the fifth day of fermentation with Penicillium sp. and P. decumbens .

Finally, a comparative study of the mesophilic anaerobic digestion of untreated and previously fermented (with P. decumbens ) beet

molasses was carried out in laboratory-scale suspended cell bioreactors. Average COD removals of 93% and methane yield

coefficient of 305 ml methane at STP conditions per g of COD removed were found in the anaerobic digestion of pre-treated

molasses. The combined aerobic�/anaerobic process showed the following advantages in relation to the single anaerobic digestion

process: higher average percentages of COD removal (96.5 compared with 90.0%) and a decrease of the hydraulic retention time

(HRT) necessary to achieve these COD reductions, increasing the decolorization of the wastewater.

# 2002 Elsevier Science Ltd. All rights reserved.

Keywords: Beet molasses; Aerobic pre-treatments; Penicillium decumbens ; Anaerobic digestion; Combined aerobic�/anaerobic treatment

1. Introduction

There are a number of small and medium-sized

industries in Spain that produce ethanol by

fermentation�/distillation. The industrial production of

ethanol by fermentation results in the discharge of large

quantities of high-strength liquid wastes generally called

stillages, distillery slops or vinasses. The production of

vinasses in a traditional alcohol factory is in the range of

9�/14 l of wastewater per l of ethanol obtained. These

wastes are strongly acidic (pH: 4�/5), and have a high

organic content (chemical oxygen demand (COD) in the

range of 50�/100 g/l). Their free disposal presents a

serious challenge to the natural ecosystem and can cause

considerable environmental problems [1].

Some researchers [2] have reviewed several methods

for the treatment, utilization and disposal of waste-

waters from ethanol fermentation industries. Among

these are both chemical and biological treatments

(aerobic or anaerobic classical methods, trickling filters,

lagoons, etc. evaporation�/condensation with or without

combustion, direct dispersion on soil as a fertilizer, etc.)

[2]. A common feature of all these methods is their

relatively high cost and, for some, the simultaneous

creation of other hazardous by-products/pollutants [3].

The aerobic biological treatment of high-organic load

wastes, such as molasses, is associated with operational

difficulties of sludge bulking, inability of the system to

treat high BOD or COD loads economically, relatively
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high biomass production and high cost in terms of

energy. On the other hand, with the diminishing supply

of natural gas and other fossil fuels, bacterial conversion

of liquid (or solid) wastes to methane and stabilized by-
products through anaerobic digestion would be bene-

ficial [3�/5]. These by-products could subsequently serve

as food or fertilizer and generally be disposed of with

fewer problems (easier dewatering, smaller amounts).

Also, the high temperatures and high organic load

concentrations of the effluents to be treated, as well as

the high-energy requirements of the distillery process,

are very suitable conditions for the application of
anaerobic digestion.

Anaerobic digestion has a number of advantages. For

example, it demands less energy input, anaerobic

bacteria are capable of transforming most of the organic

substances present into biogas, sludge formation is

minimal and nutrient demands are very low. The

production of biogas enables the process to generate

some energy in addition to the reduced consumption;
this can reduce operational costs by a large margin

compared with high-energy consumptive aerobic pro-

cesses [6].

For these reasons, anaerobic digestion of molasses

alcoholic fermentation wastewaters have been the sub-

ject of a number of studies using laboratory or pilot-

scale digesters [7�/12], but studies on full-scale meso-

philic plants have been reported less often. Several
related reviews have been presented and many pilot-

scale investigations have been reported, using different

anaerobic reactor configurations [13�/15].

Although anaerobic digestion of most types of

distillery wastewaters is feasible and quite appealing

from an energy point of view, the presence of inhibitory

substances such as phenolic compounds severely hinders

the anaerobic process. This slows down the kinetics, and
reduces mean rates of methane production, methano-

genic activities and yield coefficients. These problems

were previously observed in anaerobic batch cultures of

wine distillery wastewaters and cane molasses stillages

[16�/18].

Many phenolic compounds are known to be toxic and

interfere with the activity of methanogenic bacteria.

There are numerous reports in the literature showing the
toxicity and the inhibitory effects of these compounds

on anaerobic digestion processes [19�/23]. In addition,

the high salinity of this waste (average conductivity of 40

mS/cm) can also cause osmotic pressure problems to the

microorganisms responsible for the anaerobic process

[24].

Therefore, although the anaerobic digestion of this

wastewater is attractive and energetically promising, the
presence of a high phenolic content slows down the

process, and hinders the removal of part of its organic

content, making the utilization of high hydraulic reten-

tion times (HRT) necessary. Moreover, the anaerobic

digestion process does not remove the intense color from

this wastewater or an important fraction of the initial
COD, even working at organic loading rates (OLR) as

low as 2�/4 kg COD/m3 day.

Thus, the aim of this work was to study a combined

aerobic�/anaerobic treatment of beet molasses alcoholic

fermentation wastewater. In the first step of the treat-

ment most of the phenolic content, color and part of the

initial COD will be removed; in the anaerobic step the

remaining organic content (not previously removed) will
be eliminated. The anaerobic digestion process was

carried out in two suspended cell bioreactors operating

in continuous mode.

2. Materials and methods

2.1. Wastewater

The beet molasses used were collected from the

alcohol factory of el Puerto de Santa Marı́a (Cádiz,

Spain). The samples of wastewater were collected from

the exit of the rectification column, packed in 1 l bottles

and, finally, frozen at �/20 8C with the aim of carrying
out all the experiments with the same type of waste-

water.

2.2. Analyses

The following parameters were determined in the

wastewater used: pH, solids, COD, volatile acidity,
alkalinity, Kjeldhal nitrogen, phosphorous, sulfates,

conductivity, and color. All analyses were carried out

in accordance with the Standard Methods for the

Table 1

Features and composition of the beet molasses used in the experi-

mentsa

pH 5.2

Chemical oxygen demand (COD) 80.5 g/l

Soluble COD 74.5 g/l

Total solids (TS) 109 g/l

Mineral solids (MS) 30 g/l

Volatile solids (VS) 79 g/l

Total suspended solids (TSS) 3.6 g/l

Mineral suspended solids (MSS) 1.1 g/l

Volatile suspended solids (VSS) 2.5 g/l

Volatile acidity (acetic acid) 8.5 g/l

Alkalinity (CaCO3) 6.0 g/l

Kjeldahl nitrogen 1.8 g/l

Soluble Phosphorous 0.12 g/l

Sulfates 5 g/l

Conductivity 40 mS/cm

Total phenols (gallic acid) 0.450 g/l

Color (pH 7.5, l�/580 nm, dilution 10%) 302

a Values are averages of 50 determinations; there was virtually no

variation (less than 5%) between analyses.
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Examination of Water and Wastewater [25]. The total

phenol content was determined according to the Folin�/

Ciocalteau method [26]. Heavy metals were determined

by atomic absorption.
The features and composition of the beet molasses

used are summarized in Table 1.

2.3. Microorganisms used

The fungal species used for the study were: Penicillium

lignorum IFJM-B 22 isolation 0.46 Rio Tinto (Huelva,

Spain); Penicillium decumbens and Penicillium sp. iso-

lated from molasses and Aspergillus niger IJFM-A570

from the collection of LNETI (Portugal). All the

cultures were supplied by the ‘Centro de Investigaciones

Biológicas’ (C.S.I.C.) of Madrid (Spain) except P.

decumbens NRRL3388 (synonymous of Penicillium

glauco lanosum ), which was supplied by the culture
collection of the Department of Agriculture, Peoria

University, Illinois, USA.

The culture medium (PPG) used for growth and

formation of the fungi spores was composed of: mashed

potatoes, 20; glucose, 20; and agar, 20 g/l. The cultures

were maintained in a thermostatic chamber at 20 8C
until the phase of spores formation was achieved. Part

of these cultures were used to maintain the active
population through fresh reseeding that was carried

out every 15�/30 days. After the phase of spores

formation was achieved, conidia were collected using a

Triton�/100 solution diluted to 0.1%, this detergent was

used given the hydrophobic character of the spores.

Finally, these were filtered through a sterile filter and

counted in a Bürker Superior W-Germany chamber.

The growth medium used for the count of viable
spores (Sutter IV) contained:

�/ Solution A (per 500 ml of distilled water): Sutter
concentrated, 20 ml; L-Asparragine, 2; and H2KPO4,

5 g.

�/ Solution B (per l of distilled water): glucose, 20; and

agar, 15 g.

These two solutions were mixed, after each one was

previously sterilized separately and, finally, 0.7 ml of a

35% HCl solution was added to acidify the medium and

to avoid the extended growth of the population, making

it easy to count the colonies.

2.4. Aerobic treatment

Aerobic treatments were carried out in 250 ml glass

flasks placed in an orbital shaking incubator operating

at 100 rpm and 22 8C. After sterilization of the flasks,
100 ml of beet molasses, diluted to 50% and sterilized,

were added to each flask. Each one was inoculated with

spores suspended in saline (107 viable spores per ml).

The air input flow rate was 3 l/h per l of molasses during

5 days. Adjustment of the pH was not necessary as

molasses have a pH of 5.2, which is favorable for the

growth of the fungus.

2.5. Anaerobic treatment

Two anaerobic reactors, with a working volume of 1 l,

equipped with magnetic stirring and placed in a

thermostatic chamber at 35 8C were used. The reactors

were fed daily by means of external feeders and liquid

effluents removed daily through a hydraulic seals,

comprising 25 cm liquid columns, designed to prevent
air from entering the reactors and biogas from leaving.

This reactor has been described in detail elsewhere [27].

The methane volume produced in the process was

measured using 5 l Mariotte reservoirs fitted to the

reactors. Tightly closed bubblers containing a NaOH

solution (3 M) to collect the CO2 produced in the

process were intercalated between the two elements. The

methane produced displaced a given volume of water
from the reservoirs, allowing ready determination of the

gas [27].

The reactors were inoculated with biomass from an

industrial anaerobic contact digester operating with

vinasses. It was methanogenically active and its content

in volatile solids was 59.1 g/l.

The anaerobic reactors were initially charged with 750

ml of a synthetic solution containing peptone (1%),
yeast extract (0.5%), sodium chloride (0.5%) and 135 ml

of the inoculum. The biomass of each reactor was

initially acclimatized by batch feedings of 10�/100 ml of

diluted wastewater (10 g COD per l) over a period of 2

weeks.

This preliminary step was followed by a series of two

continuous experiments in which natural molasses and

molasses previously fermented with P. decumbens , were
added to the digesters with biomass suspended. The

influent daily feed volumes were varied to give 18.7,

31.2, 44.0, 56.0, 68.7, 81.0 and 94.0 ml/day of untreated

molasses (equivalent to 53.3, 32.0, 22.7, 17.8, 14.7, 12.3

and 10.6 days HRT), respectively, and 65, 108, 152, 195,

239, 283 and 326 ml/day of pre-treated molasses

(equivalent to 15.4, 9.3, 6.6, 5.1, 4.2, 3.5 and 3.1 days

HRT), respectively. These values of feed flow-rates and
HRTs corresponded to organic loading rate (OLR)

values of 1.5, 2.5, 3.5, 4.5, 5.5, 6.5 and 7.5 g COD per

l day, respectively, for the two substrates studied. The

biomass concentration ranged between 10.0 and 10.4 g

VSS per l (mean value�/10.2 g VSS per l) and was,

therefore, approximately constant for all experiments.

Once steady-state conditions were achieved at each

feeding flow-rate, the daily volume of methane pro-
duced, pH, volatile acidity, alkalinity and COD of the

different effluents studied were determined. The samples

were collected and analyzed for at least 5 consecutive
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days. The steady-state value of a given parameter was

taken as the average of these consecutive measurements

for that parameter when the deviations between the

observed values were less than 5% in all cases. The

organic loadings applied in this investigation were

increased in a stepwise fashion in order to minimize

the transient impact on the reactors that might be

induced by a sudden increase in loadings.

Fig. 1. Variation of the percentage of color removal with time (days) for the four microorganisms assayed.

Fig. 2. Variation of the percentage of phenols removal with time (days) for the four microorganisms assayed.
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3. Results and discussion

3.1. Aerobic treatment

Fig. 1 shows the variation of the percentage of color

removal as a function of time for the four microorgan-

isms assayed. As can be seen, all the fungi studied

produced a decolorization of the beet molasses from the

first day of incubation, although the first removed

percentages were low. The higher reductions in color

were achieved between the fourth and fifth day of

treatment, with P. decumbens achieving the best results

Fig. 3. Variation of the percentage of color removal as a function of the percentage of phenols removal.

Fig. 4. Variation of the COD of molasses with incubation time for the four microorganisms assayed.

A.M. Jiménez et al. / Process Biochemistry 38 (2003) 1275�/1284 1279



with 41% of the initial color removed after 4 days of

treatment. This decrease in the coloration of beet

molasses may be attributed to the degradation and/or

adsorption of tannins and some phenolic compounds on
the mycelium, as was previously observed by Hamdi et

al. in the treatment of olive mill wastewater (OMW)

with A. niger [28].

Similar results were obtained by Sayadi and Ellouz

treating OMW with the fungi: Pycnoporus cinnabarinus ,

Phlebia radiata and Polyporus frondosus , with percen-

tages of color removal ranging between the 32 and 46%

after 5 days of treatment [29]. Similar percentages in
color removal were also obtained by Hamdi et al. [28]

fermenting OMW with A. niger .

The variation of the percentage of phenolic com-

pound removal with the operation time is shown in Fig.

2. Although this variation was similar for the four

microorganisms used, P. decumbens showed a maximum

value of phenols removal of 74% after 3 days of

treatment. Garcia et al. obtained a 66 and 70% reduc-
tion in phenols, treating cane sugar vinasses with

Aspergillus terreus and Geotrichum candidum , respec-

tively, after 5 days of incubation [30]. Values of 90.0 and

94.3%, respectively, in the phenol content removals,

were obtained in the treatment of OMW with Azoto-

bacter chroococcum and A. terreus after 5 and 3 days of

treatment [31].

Fig. 3 shows the variation of the percentage of color
removal with the percentage of phenol removal for the

treatment with P. decumbens . As can be observed, there

is a strong linear correlation among both variables. By

using a linear regression with the least squares method,

the following equation was obtained:

% of Colour removed

�0:42�0:55(% of Phenols removed) (1)

This equation demonstrates that although the fungi

removed 100% of the phenols, only 55.4% of the initial

color would be eliminated, which suggests the occur-

rence of another type of compound, different from the

phenols that are not eliminated by the fungi assayed.

The variation of the COD content of molasses with

the operation time for the four microorganisms studied

is given in Fig. 4. As can be seen, the reduction of the
COD with time was similar in all cases, with Penicillium

sp. and P. decumbens achieving the maximum removal

values of 52.1 and 50.7%, respectively, at the end of the

treatment. The monitoring of this variable is of great

interest to measure the growth of the microorganisms, in

addition to allowing the study the evolution of the

biodegradation process. Sayadi and Ellouz obtained 48

and 51% reductions in COD content of the OMW
treated with P. radiata 28773 and P. radiata FR DAOM

53209 after 5 days of incubation [29]. Garcia et al. found

a COD reduction of 29 and 28% in vinasses treated with

A. terreus and G. candidum , respectively [30]. Other

researchers [28,32] found COD removals of 62.8 and

55.0%, respectively, in OMWs fermented with Candida

tropicalis and Geotrichum sp., after 7 days of treatment.
Finally, values of 63.3, 74.5 and 74.0%, respectively, in

COD removal were obtained in the treatment of OMW

with G. candidum , A. chroococcum and A. terreus after

5, 5 and 3 days of treatment, respectively [31].

In parallel to COD removal, an elimination of heavy

metals takes place, as can be observed in Table 2; this

topic has been widely investigated. In this way, Ross and

Townsley [33] observed that the cell walls of the fungi
adsorb a great variety of heavy metals. Kiff and Little

[34] observed that some exopolymers are optimally

located to interact with the metallic ions. Gadd [35]

also carried out a study using a number of metals,

recommending the use of fungi for the removal of heavy

metals. Townsley et al. [36] studied the removal of

copper using Trichoderma viride . Moreover, other

researchers [37,38] were able to remove uranium using
the species A. niger .

3.2. Anaerobic treatment

Tables 3 and 4 summarize the steady-state operating

results including OLR, HRT, pH, methane flow-rates,

percentages of COD removal, volatile acidity, alkalinity

and volatile acidity/alkalinity ratios, for the anaerobic
digestion experiments carried out with untreated mo-

lasses and molasses previously treated with P. decum-

bens . The pH in both reactors remained approximately

constant for all the HRTs studied, with 7.8 and 8.4 as

extreme values. This stability can be attributed to

carbonate/bicarbonate buffering. This is produced by

the generation of CO2 in the digestion process, which is

not completely removed from the reactor as gas.
Buffering in anaerobic digestion is normally due to

bicarbonate as carbonate is, generally, negligible if

compared with the bicarbonate (carbonate/bicarbonate

Table 2

Average concentrations (mg/l) of heavy metals before and after

treatment of molasses with P. decumbens

Cation Molasses Pretreated molasses

Na 2500 1875

K 3550 2540

Ca 985 833

Mg 510 500

Fe 83 6.8

Mn 85 0.7

Zn 20 1.0

Cu 7 0.3

Co 2 0.1

Ni 4 0.3

Cr 2 0.2

A.M. Jiménez et al. / Process Biochemistry 38 (2003) 1275�/12841280



ratio is equal to 0.01 for pH 8.2). The buffering guards

against possible acidification of the reactor giving a pH

of the same order as optimal for methanogenic bacteria

[39]. The high pH values and the buffering capacity is a

guarantee as opposed to an acidification of the reactor

that could be caused by a sudden overloading of the

reactor, an abrupt change of the operation temperature

or by the presence of toxic compounds or inhibitors in
the substrate.

The VFA/alkalinity ratio can be used as a measure of

process stability [39]: when this ratio is less than 0.3�/0.4

the process is considered to be operating favorably

without acidification risk. As was observed (Tables 3

and 4), the ratio values were lower than the suggested

limit value in all cases except in the experiment

corresponding to the lowest HRT studied (10.6 days)
for untreated molasses. Between HRTs of 53.5 and 12.3

days for untreated molasses and between 15.4 and 3.1

days for pre-treated molasses, the VFA/alkalinity ratio

was always lower than the above-mentioned failure limit

value, and the VFA values were always lower than 5.01

and 1.02 g/l (as acetic acid), respectively. However, in

the case of the anaerobic digestion of untreated mo-

lasses, at a HRT of 10.6 days, a considerable increase of
the VFA/alkalinity ratio was observed in the reactor

(0.49), which was due to an important rise in the VFA

concentration (9.30 g/l, as acetic acid) with an alkalinity

value of 18.9 g/l as CaCO3. In addition, the VFA/

alkalinity ratio of the effluents of both reactors was

always lower than those corresponding to the two

molasses studied (1.7 and 0.6 for untreated and pre-

viously fermented molasses, respectively). This fact

confirms the uptake of volatile organic acids present in

both feeds and the tendency of the systems to reach a

dynamic equilibrium.

The COD removal efficiencies observed at different

HRTs and OLRs for both substrates are also summar-

ized in Tables 3 and 4. For untreated molasses, COD

removal decreased slightly from 93.7 to 85.0% when

OLR increased from 1.5 to 5.5 g COD per l day and

HRT decreased from 53.5 to 14.7 days. At an OLR of

7.5 g COD per l day a marked decrease in efficiency was

observed (68.6%). In consequence, it appears that the

performance of the anaerobic system treating untreated

molasses becomes independent of HRT and OLR,

provided that the HRT and OLR of the reactor are

maintained above 14.7 days and below 5.5 g COD per l

day, respectively. In contrast, for molasses previously

fermented with P. decumbens , the decrease in the

percentage of COD removal with increased OLRs was

softer than that observed for untreated molasses in the

same range of organic loadings (1.5�/7.5 g COD per l

day).

Table 3

Results obtained under different experimental conditions in the anaerobic digestion process of untreated molasses

OLR HRT pH qg COD removal (%) Volatile acidity Alkalinity Volatile acidity/alkal

1.5 53.5 8.0 0.296 93.7 0.30 7.5 0.04

2.5 32.0 8.4 0.495 91.6 0.65 15.4 0.04

3.5 22.7 7.8 0.700 88.7 0.99 10.2 0.10

4.5 17.8 8.3 0.835 87.7 0.60 14.8 0.04

5.5 14.7 8.2 0.925 85.0 4.70 17.9 0.26

6.5 12.3 8.1 0.761 73.9 5.01 18.7 0.27

7.5 10.6 8.3 0.755 68.6 9.30 18.9 0.49

OLR, organic loading rate (g COD per l day); HRT, hydraulic retention time (day); qg (l CH4 per l day), methane production rate; volatile acidity

(g acetic acid per l); alkalinity (g CaCO3 per l).

Table 4

Results obtained under different experimental conditions in the anaerobic digestion process of molasses pre-treated with P. decumbens

OLR HRT pH qg COD removal (%) Volatile acidity Alkalinity Volatile acidity/alkal

1.5 15.4 7.8 0.337 82.6 0.288 1.50 0.19

2.5 9.3 8.3 0.546 78.3 0.936 7.07 0.13

3.5 6.6 8.2 0.710 76.1 0.740 7.95 0.09

4.5 5.1 8.0 0.867 73.0 0.710 8.05 0.09

5.5 4.2 7.8 1.008 69.6 1.020 10.3 0.10

6.5 3.5 7.8 1.108 65.2 0.552 10.6 0.05

7.5 3.1 8.0 1.331 63.5 0.432 10.2 0.04

OLR, organic loading rate (g COD per l day); HRT, hydraulic retention time (day); qg (l CH4 per l day), methane production rate; volatile acidity

(g acetic acid per l); alkalinity (g CaCO3 per l).
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The values of volumetric methane production rates

for each OLR studied in natural and previously

fermented molasses are also given in Tables 3 and 4,

respectively. In the case of untreated molasses, it can be

seen that the volume of methane produced per day

increased progressively with increased OLR up to OLR

values of 5.5 g COD per l day, after which a marked

decrease was observed over the range tested. Appar-

ently, the activity of methanogenic bacteria was not

impaired up to OLR values of 5.5 g COD per l day

because of the adequate buffering capacities provided in

the experimental system. Nevertheless, the methane

production rate decreased from 0.925 to 0.755 l/l day

when the OLR was increased from 5.5 to 7.5 g COD per

l day. This decrease in the methane production at the

highest OLR values might be attributed to an inhibition

of the methanogenic bacteria at high OLR values, which

caused an increase in effluent VFA contents and VFA/

alkalinity ratios, as can be seen in Table 4. Specifically,

VFA content increased from 4.7 to 9.3 g/l (as acetic acid)

when the OLR was increased from 5.5 to 7.5 g COD per

l day. In the case of molasses previously treated with P.

decumbens , the methane production rate increased

linearly from 0.337 to 1.331 l/l day with increased

OLR in all the range of OLR tested (1.5�/7.5 g COD

per l day). In addition, the values found for this

parameter were always higher than those observed for

anaerobic digestion of untreated molasses for the same

values of OLR, which clearly shows the advantage of

previously fermenting the molasses to be treated by

anaerobic digestion.

On the other hand, the methane yield coefficient

(volume of methane per COD added to the reactor) can

be calculated from Tables 3 and 4. As can be observed in

Table 5, a gradual decrease in the fraction of organic

matter transformed into methane was found after an

OLR value of 5.5 g COD per l day, decreasing the values

of methane yield coefficient 49% (untreated molasses)

and 20% (pre-treated molasses) for the experiments

corresponding to an OLR of 7.5 g COD per l day in

relation to the values found at an OLR of 1.5 g COD per

l day.

Finally, the values of the substrate removal rate can

be calculated from data summarized in Tables 3 and 4.

Fig. 5 shows the variation of the HRT with the organic

loading removal rate in the cases of the anaerobic

digestion of untreated and pre-treated molasses. This

Table 5

Volume of methane per gram of COD added for the different OLRs

used in the anaerobic digestion processes of untreated and previously

treated molasses

OLR (g COD

per l day)

Untreated molasses l CH4

STP per g COD

Pre-treated molasses l

CH4 STP per g COD

1.5 0.197 0.224

2.5 0.198 0.218

3.5 0.200 0.203

4.5 0.186 0.193

5.5 0.168 0.183

6.5 0.167 0.170

7.5 0.101 0.177

Fig. 5. Variation of the HRT with the organic loading removal rate (g CODremoved per l day) in the cases of the anaerobic digestion of untreated

molasses, previously fermented molasses and in the combined aerobic�/anaerobic digestion process.
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plot also clearly shows the advantage of the pre-

treatment of molasses with P. decumbens previous to

its anaerobic digestion. For a given value of the organic

loading removal rate, the HRT decreased considerably

when the molasses are previously fermented. In order to

establish a more rigorous comparison, the time used in

the pre-treatment (4 days) has been added to the HRT

of the pre-treated molasses, obtaining a curve located in

an intermediate position (Fig. 5). It is apparent that,

even under these circumstances, the previous statement

continues being valid. Therefore, the time necessary for

digesting a given organic load, in the case of using a

combined aerobic�/anaerobic treatment, is always lower

than that necessary to anaerobically treat the waste. On

the other hand, the performance of the reactor proces-

sing untreated molasses starts to become destabilized for

OLR values of 5.5 g COD per l day, which does not

happen when the wastewater has been pre-treated, since

the reactor admits loading rates of up to 7.5 g COD per l

day without destabilization symptoms appreciated.
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[27] Jiménez AM, Borja R, Alonso V, Martı́n A. Influence of aerobic

pretreament with Penicillium decumbens on the anaerobic diges-

tion of beet molasses alcoholic fermentation wastewater in

suspended and immobilized cell bioreactors. Journal of Chemical

Technology and Biotechnology 1997;69:193�/202.

[28] Hamdi M, Khadir A, Garcia JL. The use of Aspergillus niger for

bioconversion of olive mill wastewater. Applied Microbiology

and Biotechnology 1991;34:828�/31.

[29] Sayadi S, Ellouz R. Screening of white rot fungi for the treatment

of OMW. Journal of Chemical Technology and Biotechnology

1993;57:141�/6.
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Stillage (distillery wastewater) is the main by-product 
originating in distilleries, and its volume is 
approximately 10 times that of ethanol produced. It is 
not surprising that the utilization of the stillage raises 
serious problems, and that many attempts have been 
made all over the world to solve them. In Poland most of 
the ethanol (about 90%) is produced from starch-based 
feedstocks, i.e. grains and potatoes. Starch feedstocks 
are widely used for spirit production also in other 
European countries, as well as outside Europe. The 
manuscript provides an overview of global fuel ethanol 
production and information on methods used for 
starch-based stillage biodegradation and utilization. The 
methods presented in this paper have been classified 
into two major groups. One of these includes the mode 
of utilizing starch stillage, the other one comprises 
methods, both aerobic and anaerobic, by which the 
stillage can be biodegraded.  

Scarcely 5 per cent of world’s ethanol production comes 
from  chemical  synthesis.   More  than  95  per  cent  of the 
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ethanol produced is obtained from agricultural or 
agriculture-related feedstocks. Of these, sugar-based 
feedstocks account for approximately 42%, and non-sugar 
feedstocks (mainly starch-based ones) for about 58% of the 
ethanol volume produced (Tolmasquim, 2007). It seems 
interesting to note that about 67% of the global ethanol 
volume (in 2006 this was a total of 39 billion litres 
(REN21, 2008)) is used for fuel production.  

In Poland ethanol obtained from starch-based feedstock 
now accounts for about 90% of the overall production. 
Ethanol is produced from grain crops (primarily rye, 
triticale and wheat), root crops (mainly potatoes) and 
molasses (as well as other agricultural feedstocks) 
(Dzwonkowski et al. 2007; Lopaciuk et al. 2007). Although 
the use of maize grain as feedstock is now becoming 
increasingly frequent in Polish distilleries, it is still far from 
being a widely accepted practice (Lopaciuk et al. 2007). It 
should be noted that the structure of the agricultural 
feedstock made use of for ethanol production varies 
according to the market situation. Thus, about two decades  
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ago, it was potato-based ethanol that accounted for 
approximately 70% of the overall production. In the year 
2000 its contribution dropped to less than 8%. Potato 
ethanol production totalled 3.2% in 2003 and rose to 4.2% 
in 2004. But in 2005 it dropped again, amounting to 3.1%. 
In 2006 potato ethanol production decreased to 5.5 million 
litres (from 9.1 million litres in 2005) (Dzwonkowski et al. 
2007). In general, the use of starch-based feedstocks is 
dominant in Poland, rye being the most popular raw 
material for ethanol production (approx. 90%) (Lopaciuk et 
al. 2007). The quite frequent use of starch-containing 
wastes (e.g. putrid or frozen potatoes, peelings, pulp, potato 
slops, waste flour or wet sprouted and mouldy grain) is to 
be attributed to the unfavourable proportion of the 
feedstock cost in the overall costs of spirit production (50 to 
60%) (Dzwonkowski et al. 2007). 

In Poland, 95% of the overall ethanol production comes 
from rural distilleries (Jarosz, 2002). In 1995 about 940 
were run in this country, but their number has been falling 
ever since and in 2006 only 217 distilleries were operated 
(Kupczyk, 2007). As the number of distilleries decreased, 
so did the volume of the ethyl alcohol produced, which 

dropped from 278 million litres in 1996 to approximately 
170 million litres in 1999 and 2000. But subsequently, in 
2001, ethanol production increased slightly (to 181 million 
litres) and continued to rise in the years that followed, to 
reach an annual volume of 220 and 230 million litres in 
2003 and 2004, respectively. In 2005 ethanol production 
increased by 27.56% compared to 2004, and in 2006 the 
volume of ethanol produced totalled 344 million litres 
(Dzwonkowski et al. 2007). 

In 2006 approximately 62.9% of the ethanol produced by 
rural distilleries in Poland was used as a fuel additive 
(Kupczyk, 2007), and the volume of ethanol produced as a 
biofuel equalled 161 million litres. Compared with the 
volume attained in 2006, fuel ethanol production in Q1-Q3 
of 2007 decreased, amounting to 68 million litres only 
(Licht, 2008). Polish refineries Orlen and Lotos sourced 
60% of the fuel ethanol contracted from abroad, since in 
those days domestic producers were not competitive. But 
the long-term outlook for domestic biofuel production and 
consumption is positive (Licht, 2008). The increase in fuel 
ethanol demand that is expected in the context of both the 
national bio-fuel programme and the Biofuel Directive 

Table 1. Group B vitamins [mg/kg d.m.] in potato stillage and rye stillage, and mineral compounds [g/kg d.m.] in barley and 
wheat stillage. 

 

Vitamins of group B Potato stillage 
(Becker and Nehging, 1967) 

Rye stillage 
(Becker and Nehging, 1967) 

Vitamin B1 7.8 15 

Vitamin B2 18.6 14.4 

Vitamin B6 18.8 4.0 

Vitamin B12 0.0088 0.118 

Biotin 0.014 0.56 

Nicotinic acid 212 54.9 

Pantothenic acid 71.2 60.0 

Folic acid 0.78 2.4 

Mineral compounds Barley stillage 
(Mustafa et al. 1999) 

Wheat stillage 
(Mustafa et al. 1999) 

Ca 5.3 4.2 

P 11.3 12.1 

Mg 5.4 5.9 

K 0.0016 0.0016 

Mn 0.0522 0.1101 

Na 0.0006 0.0002 

Fe 0.4932 0.4191 

Cu 0.0054 0.0057 
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2003/30/EC shows great promise to distilling industries 
which hope to raise their production.  

The United States is a global leader in the use of starch-
based feedstocks for ethanol production. In 2006 the USA 
production accounted for 38% of world’s overall ethanol 
production (REN21, 2008). In the United States, maize is 
the principal starch feedstock. This is not surprising, as this 
country is the leading producer of maize crops. Besides 
maize, some other grains are in use as feedstocks, e.g. 
wheat, sorghum or rye (Tolmasquim, 2007). In the USA the 
distilling industry is based on large distilleries-factories. In 
2005 approximately 95 of them were operated, with a total 
capacity of 16.4 billion litres per year. In mid-2006 there 
were 35 additional plants under construction, providing 
further capacity of 8 billion litres per year (OECD/IEA, 
2007). At the beginning of 2008 there were 9 distilleries 
under construction and 7 undergoing expansion (Licht, 
2008). In 2004 the United States ranked second in ethanol 
production. The leader was then Brazil with an annual ethyl 
alcohol volume of 14.66 billion litres produced (RFA, 
2008). It is essential to note, however, that this country 
almost invariably uses sugar cane as feedstock. In 2005 the 
USA became world's largest fuel ethanol producer, and thus 
outdistanced Brazil. In 2006 fuel ethanol production in the 
USA and Brazil amounted to 18.3 billion litres and 17.5 
billion litres, respectively (REN21, 2008). In the USA over 
99% of the ethanol produced is utilized for fuel production 
(Ribando Seelke and Yacobucci, 2007); in Brazil the 
proportion amounts to 90%. Canada (with an annual 
ethanol volume of 550 million litres produced in 2006 
(OECD/FAO, 2007) and fuel ethanol production of 200 
million litres (REN21, 2008)) uses starch feedstocks 
(mainly maize grains) for ethanol production (Berg, 2004). 
Other widely accepted feedstocks include wheat, barley, 
triticale and rye (Klein et al. 2008). 

In 2006 the EU produced close to 1.6 billion litres of 
ethanol for fuel (EUBIA, 2008). The major part of this was 
distilled out of cereals, which accounts for 976 million 
litres or roughly 61% of total ethanol feedstock. Among the 
different grains used for the ethanol production, wheat is 
the most important cereal with a market share of 36%, 
followed by rye (15%), barley (7%), maize (only 2%) and 
triticale (marginal) (Biofuels International, 2007). In 2006 
the largest starch-based bioethanol fuel producer in the EU 
was Germany with an overall output of 430 million litres 
(Biofuels International, 2008). The main feedstock used for 
the German ethanol production was rye (49.5%) followed 
by wheat (41.3%), barley (8%) and triticale (no precise 
numbers). Spain, as the second largest producer of ethanol 
in the EU (396 million litres in 2006), mainly processed 
wheat (57%) followed by barley (21%). The rest of the 
Spanish production came from wine alcohol. In 2007 the 
greatest production was achieved in France (578 million 
litres), where the production almost doubled (Biofuels 
International, 2008), but France was the only large scale 
producer of bioethanol coming from sugar beet (around 
81%) (Biofuels International, 2007). In 2007 the next 

largest producers were Germany (394 million litres) and 
Spain (348 million litres). In that year fuel ethanol 
production decreased compared to 2006 with the most 
significant decline in Sweden, which halved its production 
to 70 million litres due in part to high cereal prices. As a 
result the costs of bioethanol production rose to a level that 
made its manufacture no longer profitable (Biofuels 
International, 2008). 

As is the case with the United States, Europe invests a great 
deal in large distillery plants, whose overall ethanol 
production capacity is likely to approach 3 billion litres per 
annum by the end of 2008 (Kupczyk, 2007). As for Asia, 
the leadership in utilizing starch-based feedstocks for 
ethanol production belongs to China, which ranks third as a 
global ethanol producer with a yearly volume of 
approximately 4.1 billion litres in 2006 (Tolmasquim, 
2007). Fuel ethanol production in that country in 2006 
amounted to 1.5 billion litres (OECD/FAO, 2007).  

The choice of the feedstock for the production of fuel 
ethanol is determined by economic calculation, and this 
includes all the protective measures taken by the 
governments of some countries that want to pursue their 
social policy also in this way. But if spirits are produced for 
human consumption, this is the recipe for the alcoholic 
drink that determines the choice of the feedstock. For 
example, the production of whisky, of some flavoured 
vodkas, or of the majority of the Japanese shochu types 
requires starch-based feedstock. And that is why in many 
countries local distillers specialise in the production of 
regional alcoholic drinks. The diversity of the feedstocks 
used for ethanol production and the fact that distillery 
plants widely differ in size (production capacity) are the 
contributory factors in the use of different methods for 
distillery wastewater utilization and biodegradation. 

The purpose of the paper was to provide an overview of the 
growing scale of ethanol production worldwide, as well as 
to give an account of methods that are used for starch 
stillage biodegradation and utilization. The methods 
presented in the paper have been classified into two major 
groups. One of these includes the mode of utilizing starch 
stillage, the other one comprises methods, both aerobic and 
anaerobic, by which the stillage can be biodegraded. 

Methods of stillage utilization 

Distillery stillage from the fermentation of starch-based 
feedstock by the yeasts contains not only some feedstock 
components (Sweeten et al. 1981-1982; Davis et al. 2005), 
but also degraded yeast cells (Sanchez et al. 1985). Many of 
those substances are characterised by a high nutritive value. 
They contain vitamins (with large amounts of those 
classified as group B) (Table 1), proteins rich in exogenous 
aminoacids (Mustafa et al. 1999), and mineral components 
(Table 1). Upon comparing the proportions of particular 
mineral compounds in barley and wheat stillage it can bee 
seen that barley stillage contains more calcium, iron and 
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sodium than wheat-based stillage (Mustafa et al. 1999). 
Owing to the chemical composition of the dry matter basis 
(Table 2) (but primarily because of the beneficial 
proportion of the total protein content to the contents of the 
other nutrients) potato stillage has been regarded as 
valuable fodder (despite high water content, 90 to 95.3%) 
(Maiorella et al. 1983; Larson et al. 1993; Ham et al. 1994; 
Fisher et al. 1999; Mustafa et al. 2000). It should, however, 
be noted that the feeding value of the potato stillage 
(determined as protein and vitamin content) is lower than 
that of the grain stillage (Maiorella et al. 1983). As far as 
the stillage derived from wheat, rye, triticale and barley is 
concerned, the lowest nutritive value (measured as crude 
protein and neutral detergent fibre fraction) is that of the 
barley-derived stillage, both in its liquid and solid fraction 
(Mustafa et al. 2000). 

Unprocessed warm stillage has the highest feeding value, 
but also a serious drawback: it cannot be stored over a 
longer period because of its proneness to souring and 
mould growth. This means that the animals should be fed 
shortly after the stillage has been produced, which makes 
this method of stillage utilization really troublesome. 
Feeding farm animals with “raw” stillage is cost-effective 
only if the users live in the close proximity of the distillery. 
Because of the high water content, the transport of the 
stillage over long distances is unprofitable (The Mother 
Earth News, 1980; Ganesh and Mowat, 1985; Aines et al. 
1986). The best solution to this problem seems to be the 
integration of a small rural distillery with a large animal 
farm that would be able to consume the whole volume of 
the stillage produced (Carioca et al. 1981; Ganesh and 
Mowat, 1985). But in Poland an opposite trend is being 
observed. Rural distilleries are becoming independent 

economic units interested in their own development. On the 
other hand, large animal farms are lacking. Under such 
conditions the problem of utilizing the stillage volume 
produced entirely as animal fodder remains unsolved.  

Since “raw” stillage cannot be stored over a long period, it 
must be processed as otherwise its nutritive value is lost. 
One of the methods for extending the storage life of starch-
based stillage is souring by the addition of corn or hay for 
example. The fodder obtained in this way can be stored for 
several months but the nutritive value may decrease 
(McCullough et al. 1963; Hunt et al. 1983; Muntifering et 
al. 1983). Another drawback inherent in stillage is the 
remarkably high content of crude fibres, which limits its 
application as fodder, especially for nonruminant farm 
animals (Kienholz et al. 1979). Recent research has shown 
that lactic bacterial inoculants improve feed preservation 
(Garcia and Kalscheur, 2004). 

Another method of utilizing starch stillage is yeast 
cultivation, where the yeast biomass is used as fodder 
(Murray and Marchant, 1986; Jamuna and Ramakrishna, 
1989). However, the investigations reported on in the 
literature involved predominantly vinasse (Tauk, 1982; 
Malnou et al. 1987; Moriya et al. 1990; Cibis et al. 1992), 
while yeast was cultivated on an industrial scale. 
Unfortunately, the COD level in the effluent from 
cultivation was so high that the reduction in this pollutant 
approached 70% at the most. That is why this method of 
utilizing vinasse has been abandoned and investigations 
into yeast cultivation on distillery stillage have been 
practically discontinued. 

Table 2. Chemical composition of dry matter content for starch stillage of choice [%].

 

Stillage Dry 
matter 

Crude 
protein Fat Crude 

fibre Sugars Starch Ash References 

Grain sorghum 5.8 1.7 nd 1.51 2.6 1.01 3.77 (Sweeten et al. 1981-1982) 

Barley 5.97 2.21 0.76 2.35 2.14 0.04 0.58 (Mustafa et al. 1999) 

Maize 6.2 1.3 1.3 0.1* 2.8 0.5 0.8 (Kim et al. 1999) 

Maize 3.7 1.44 nd 1.81 0.97 0.56 0.27 (Sweeten et al. 1981-1982) 

Maize 7.5 2.3 nd nd 0.5 nd 2.1 (Maiorella et al. 1983) 

Potato 6.0 1.45 0.05 0.7 3.1 nd 0.7 (Czupryński et al. 2000) 

Wheat 8.4 3.8 1.14 2.86 2.67 0.185 0.7 (Mustafa et al. 1999] 

Wheat 12 3.8 2.3 0.12 6 nd 0.156 (Davis et al. 2005) 

Note: nd = no data available. *Acid detergent fibre. 
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Table 3. Chemical composition of liquid phase in starch stillage [g/L] (except pH [-], density [oBlg], COD and BOD5 [g O2/l]).
 

Type of stillage 

Parameter 
Maize 

(Dahab 
and 

Young, 
1981) 

Maize 
(Cibis, 
2004) 

Wheat 
(Weiland 

and 
Thomsen, 

1990) 

Wheat 
(Nagano 

et al. 
1992) 

Wheat 
(Hutnan 

et al. 
2003) 

Wheat 
(Hutnan 

et al. 
2003) 

Barley 
(Kitamura 

et al. 
1996) 

Barley 
(10%) 
and 

sweet 
potato 
(90%) 
(Shin 
et al. 
1992)

Rye 
(Cibis, 
2004)

Grain 
(Laubscher 
et al. 2001) 

Awamori 
(rice) 

(Tang et 
al. 2007)

Jowar 
(shorgum) 

(Khardenavis 
et al. 2007) 

Rice 
(Khardenavis 
et al. 2007) 

Starch 
waste 

feedstocks 
(Cibis, 
2004)  

Potato 
(Cibis 
et al. 
2002)

Potato 
(Cibis 
et al. 
2002)

Potato 
(Cibis 
et al. 
2006)

Potato 
(Weiland 

and 
Thomsen, 

1990) 

Sweet 
potato 

(Nagano 
et al. 
1992) 

pH - 3.70 3.8-4.0 4.6 3.35 3.7 3.7-4.1 5.1 3.94 4.0-4.5 3.65 3.6 2.9 3.88 3.69 3.62 3.88 3.9-4.9 4.5 
Density - 2.9  - - - - - 3.1 - - - - 12.2 4.6 4.7 7.9 - - 
Suspended 
solids  - - 40-65 18.4-

23.0 38.6 70.34 - 15.3 - 1.0** - - - - - - - 20-50 16.6 

COD 
(BOD5) 

59.4 
(43.1) 21.85 40-55 

17.5-
20.8 

(12.5-
13.6) 

90.75 107.0 97 (83) 17.6 28.98 20-30 
56  

(50) 
10.8 35 122.33 48.95 51.75 103.76 20-55 12.1 

(8.5) 

TOC - 9.15 - - - - - - 10.70 - 28.33 - - 45.60 - - 35.15 - - 
Reducing 
substances - 4.05 - - - - - - 11.81 - - 0.1 2 37.06 10.47 10.6 37.44 - - 

Glycerol - 3.95 - - - - - - 3.22 - - - - 3.81 3.04 3.25 5.96 - - 
Lactic acid - 6.63 - - - - - - 3.51 - 1.4 - - 61.14 - - 17.53 - - 
Propionic 
acid - 0.21 - 0.8-1.24 - - - - 0.12 - 0.623 - - 2.77 - - 2.64 - 0.80 

Succinic 
acid - 0.21 - - - - - - 0.31 - 1.059 - - 0.23 - - 0.430 - - 

Acetic acid - 0.44 - 2.1-6.6 - - - - 0.27 - 0.132 - - 4.14 - - 2.10 - 1.90 
Sum of 
organic 
acids 

- 9.67 - - - - - - 5.29 - 10.795*** 0.65*** 1.46*** 75.11 - - 24.46 - - 

Total 
nitrogen 0.546 0.67 - 1.5-1.6 4.09* 8.8* 6.0 - 0.83 0.17-0.18* 2.18* 0.126 0.140 2.57 0.52 0.81 1.05 - 1.20 

Ammonia 
nitrogen - 0.096 - 0.5-0.6 - - - 0.01 0.19 - 0.052 - - 0.361 0.235 0.07 0.308 - 0.18 

Total 
phosphorus 0.228 0.441 - 0.17-

0.18 0.40 0.218 - - 0.47 0.27-0.30 - - - 0.816 0.259 0.327 0.277 - 0.140 

Phosphate 
phosphorus  - 0.363 - - - - - 0.039 0.28 - 0.004 0.0642 0.0416 0.588 0.167 0.260 0.165 - - 

Note: * TKN = Total Kjeldahl Nitrogen.   ** TSS = Total Suspended Solids.   ***VFA = Volatile Fatty Acids. 
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Attempts have been reported of recirculation of liquid part 
the stillage after solids separation (thin stillage) to the 
steamer or mash tub. It has been found that when 
approximately 75% of the water entering the steamer was 
replaced with grain sorghum-based thin stillage, a large 
increase was observed in the solids content and COD in the 
stillage (Egg et al. 1985). It should, however, be noted that 
the recirculation of the thin stillage to the mash tub is 
effective only if no more than 40-50% of thin stillage is 
recycled (Sheehan and Greenfield, 1980; Wilkie et al. 2000; 
Yeoh et al. 2001). Once these values have been exceeded, 
alcohol yield decreases, which might be attributed to the 
accumulation of such substances that inhibit the activity of 
the yeast cells (Egg et al. 1985; Kim et al. 1999; Wilkie et 
al. 2000). Although the recirculation of thin stillage brings 
about a 25% reduction in the final volume of the distillery 
wastewater, this is concomitant with a rise in the COD level 
(Wilkie et al. 2000).  

Other methods of utilizing starch-based stillage include 
concentration and drying. Both are characterised by a high 
energy demand, which makes them apply to very large 
distilleries only (Murphy and Power, 2008). Such are in 
Poland the distilleries under construction with an expected 
production volume much greater than that of the existing 
ones (Reuters, 2008). The concentration and drying of 
starch stillage that is to be used as fodder have found wide 
acceptance in the United States and in Canada, where the 
processes are carried out in several variants (The Mother 
Earth News, 1980; Aines et al. 1986; Wu, 1988; Akayezu et 
al. 1998). One of these involves the separation of the solid 
fraction from the liquid fraction, using sieves, centrifuges 
or pressing devices (the product obtained in this way is 
referred to as Wet Distiller’s Grain). The solid phase is then 
dried (Distiller’s Dried Grain), while the liquid phase is 
concentrated until a 30-40% suspended solids content has 
been obtained (Condensed Distiller’s Solubles). In some 
distilleries the concentrated liquid fraction is dried 
(Distiller’s Dried Solubles) or mixed with the previously 
separated solid fraction, and the mixture obtained is dried 
(Distiller’s Dried Grains with Solubles).  

Investigations into less energy-consuming methods that 
would increase the suspended solids content of the stillage 
have also been reported. Promising results have been 
obtained with ultrafiltration and high-pressure reverse 
osmosis. The solids and ash concentrations in the permeate 
after reverse osmosis (measured indirectly as conductivity) 
are lower than those of tap water (Wu, 1988), and that is 
why the permeate can be used as substitute for 
technological water in the process of ethanol production. It 
is worth noting that the fermentation yield does not change 
even after 8fold recirculation of the permeate (Kim et al. 
1999). The concentrated fraction can be used as fodder in 
unprocessed or dried form (Nguyen, 2003). A major 
drawback of this method is the occurrence of fouling and 
scaling phenomena, which account for membrane clogging 
(Gryta, 2005). 

Another method for increasing the suspended solids content 
includes drying stillage together with a carrier, e.g. soy 
hulls or dry beet pulp. In this way pellets are obtained 
(Garcia and Kalscheur, 2004). 

Consideration has also been given to the problem of 
utilizing starch-based feedstock as fertilisers (Jenkins et al. 
1987), the more so as vinasse has been used for this 
purpose (Monteiro, 1975; Maiorella et al. 1983). It has been 
suggested that starch based stillage should be used for 
direct soil fertilization or for the production of organic 
fertilisers, after being mixed and composted, for example, 
with cow feces (Tanaka et al. 1995). However, direct 
fertilization must be carried out when the time is right for 
doing this, so as not to damage the crops (Sheehan and 
Greenfield, 1980; Milewski et al. 2001; Czupryński et al. 
2002), but this requires storage of the stillage. It is not 
recommended to pour the stillage direct onto the soil, which 
is hollow in places, because the stillage may accumulate 
there and produce contamination. One of the weaknesses 
inherent in such application is the unpleasant odour. It is 
also possible to fertilise soil with the product of starch 
stillage incineration (Yamauchi et al. 1999), as in the case 
of vinasse (Maiorella et al. 1983). 

The literature also includes references to other methods of 
utilizing starch stillage. One of these publications pertains 
to the use of this waste effluent for the production of rigid 
polyurethane-polyisocyanurate foams (Czupryński et al. 
2000). The product obtained displayed properties identical 
to those of standard foam, besides brittleness. There are 
also reports on the utilization of concentrated liquid maize 
stillage fractions as the feedstock for the production of 
some cosmetics, e.g. alternan (Leathers, 1998) and pullulan 
(West and Strohfus, 1996). Furthermore, maize stillage was 
made use of as the feedstock for the synthesis of 
astaxanthin carotenoid by Phaffia rhodozyma (Leathers, 
2003). Other starch stillage has been used for the synthesis 
of protease (Morimura et al. 1994; Yang and Lin, 1998), 
chitosan (Yokoi et al. 1998) and biodegradable plastics, e.g. 
poly β-hydroxybutyrate (Khardenavis et al. 2007).  

Biodegradation of starch stillage 

The methods considered in the foregoing section do not 
enable utilization of the whole starch stillage volume 
produced. As a result distilleries are facing a serious 
problem. The stillage is a high-strength effluent which - 
because of a considerable organic matter content (Table 3) - 
can neither be sent to the sewer system nor be discharged 
into a watercourse or soil; at least a certain portion of the 
COD load must be removed at the source origin.  

The COD load of the liquid phase varies from 12.1 g O2/l 
for the sweet potato stillage (Nagano et al. 1992) to 122.33 
g O2/l for the stillage from waste feedstocks containing 
wheat starch (80%) and potato starch (20%) (Cibis, 2004). 
The comparison of the chemical composition (Table 3) 
shows that even if the stillage comes from the same 
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feedstocks, it differs considerably in its chemical 
properties. This finding should be attributed to the fact that 
the COD content is influenced not only by the feedstock but 
by the technology of spirit production and the method of 
feedstock and stillage storage as well.  

Distiller’s stillage shows a proneness to sour fermentation. 
This is due to the formation (within a comparatively short 
period) of organic acids, mainly lactic acid, which usually 
dominates in that type of stillage (Table 3). As for the other 
carbon sources, reducing substances and glycerol are found 
to occur in large amounts (Table 3). The presence of total 
and phosphate phosphorus, as well the large amounts of 
total nitrogen (Table 3), can be explained as being 
associated with the high protein proportion in the feedstock 
from which the stillage comes (Wilkie et al. 2000). 

Such chemical composition suggests that starch stillage is 
biodegradable to a great extent. Aerobic and anaerobic 
fermentation of thin stillage was first reported four decades 
ago (Fargey and Smith, 1965; Smith and Fargey, 1965). 
The problem, however, has not attracted much attention 
until recently. In the past 15 years, a number of publications 
have dealt with the biodegradation of starch stillage, but 
they have described anaerobic processes only (Weiland and 
Thomsen, 1990; Nagano et al. 1992; Goodwin and Stuart, 
1994; Laubscher et al. 2001; Gao et al. 2007; Tang et al. 
2007). Laboratory investigations into the anaerobic 
treatment of wheat stillage of an initial COD ranging from 
91 to 107 g O2/l (Hutnan et al. 2003) and of malt whisky 
distillery wastewater with an initial COD between 30.5 and 
47.9 g O2/l (Goodwin and Stuart, 1994) have revealed an 
approximately 90% reduction of this pollutant. The 
treatment of grain distillation wastewater whose initial 
COD level ranged from 20 to 30 g O2/l with the aid of an 
upflow anaerobic sludge bed (UASB) system has yielded 
an approximately 80% COD removal efficiency (Laubscher 
et al. 2001). When barley stillage and sweet potato stillage 
of an initial organic matter content of 29.5 g O2/l were 
treated in a continuous process, COD reduction amounted 
to 80% (Shin et al. 1992). A 98% reduction in COD was 
attained with wheat stillage and sweet potato stillage of an 
initial pollution load of 40 g O2/L (Nagano et al. 1992). 
When potato stillage with an initial content of organics 
ranging between 20 and 55 g O2/l was treated, the extent of 
COD reduction varied from 80 to 95% (Weiland and 
Thomsen, 1990). With a potato and sugar beet stillage of an 
initial organic pollution load of 40 g O2/l, the reduction in 
COD amounted to 90% (Wilkie et al. 2000).  

Anaerobic biodegradation of stillage is being carried out on 
an industrial scale. At least 135 anaerobic bioreactors are 
operated all over the world; nine of these (with four 
operating in Germany) are used for the treatment of starch 
stillage, the other bioreactors being made use of for treating 
primarily vinasse (Wilkie et al. 2000).  

Starch stillage can be treated with an equal efficiency by 
aerobic methods. One of the first publications dealing with 

this problem comes from 1965 (Smith and Fargey, 1965). 
The investigations reported there have shown that if maize 
stillage is treated in a stirred tank reactor (STR) at room 
temperature, COD can be reduced by 60.7%. The same 
investigators have obtained a much higher (98%) reduction 
in COD, using a bioreactor with a fixed bed and 
recirculation of the stillage being treated. 

Over the 35-year period that followed no research on 
aerobic biodegradation of starch stillage was reported. It 
was only a few years ago that such problems became, 
again, the focus of attention (Cibis et al. 2002; Krzywonos 
et al. 2002; Cibis, 2004; Cibis et al. 2004; Ferzik et al. 
2004; Cibis et al. 2006; Krzywonos et al. 2008). Some of 
the investigations dealt with the treatment of potato stillage, 
and were conducted batchwise in an STR with a mixed 
culture of thermo- and mesophilic bacteria of the genus 
Bacillus. The extent of COD reduction obtained in this way 
totalled up to 89.8%. The efficiency of biodegradation 
depended on the following factors: temperature, pH, initial 
COD, and addition of nutrients (ammonia nitrogen and 
phosphate phosphorus) (Cibis et al. 2002, Krzywonos et al. 
2002; Cibis, 2004; Cibis et al. 2004; Cibis et al. 2006; 
Krzywonos et al. 2008). The same bacterial culture was 
used for the biodegradation of the stillage coming from 
maize and rye. With the maize stillage, the reduction in 
COD amounted to 82.6%; with rye stillage, COD reduction 
totalled 84.6% (Cibis, 2004). When the stillage under 
treatment came from the waste feedstock for the production 
of glucose syrup and chips (about 80% of wheat starch and 
about 20% of potato starch), the extent of COD reduction 
approached 94% (Cibis, 2004). Similar treatment effects for 
this stillage were obtained with the continuous 
biodegradation process (Cibis, 2004). Reports are also 
available on the aerobic degradation of distiller’s stillage 
(wheat grain) with bacterial cultures (Ferzik et al. 2004). A 
batch biodegradation system yielded a 64% COD reduction 
at 45ºC, whereas a continuous process brought about an 
approximately 90% reduction in COD at 55ºC.  

In contrast to anaerobic methods, aerobic biodegradation of 
starch stillage with thermo- and mesophilic bacteria has not 
yet been conducted on an industrial scale. The results 
obtained during laboratory-scale aerobic thermo- and 
mesophilic biodegradation of distillery wastewater indicate 
that the effectiveness of this method the same as for another 
microorganisms (Anastassiadis and Rehm, 2006; Battestin 
and Macedo, 2007; Choorit and Wisarnwan, 2007) is 
influenced by the aerobic conditions, pH and temperature 
(Cibis et al. 2002; Krzywonos et al. 2002; Krzywonos at al. 
2008). The results of laboratory investigations seem to 
encourage the upgrading of the research scale. 

CONCLUDING REMARKS 

In principle, only distilleries integrated with stock farms 
and large distilleries-factories rarely have trouble with the 
utilization of starch-based stillage. Any other distillery has 
to tackle the problem more or less successfully (Wilkie et 
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al. 2000; Nguyen, 2003). It is essential to note, however, 
that in Germany the integration of distilleries with stock 
farms permits them to avoid troubles. This is not so in the 
USA, where ethanol plants have difficulties with the 
profitability of stillage marketing or disposal. Most of the 
stillage produced is sold in the form of Distiller’s Dried 
Grains with Solubles. As for Poland’s distilleries, the 
majority of them are not able either to utilize their stillage 
in ruminant diets or treat it efficiently. Only four have 
constructed mechanical-biological wastewater treatment 
plants, and some distilleries treat their effluents with 
mechanical methods (Cavey et al. 1998). Regretfully, 20% 
of distilleries discharge their wastewater direct into a 
watercourse or into soil without recultivation (Milewski et 
al. 2001). This indicates that the poor utilization of the 
stillage produced must raise serious concern. Considering 
the environmental rules and regulations recently enforced 
in Poland immediate measures have to be taken to solve the 
problem, which has taken on a sense of urgency.  
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Chapter 16

Feedstocks, fermentation and distillation for
production of heavy and light rums

J.E. Murtagh
Murtagh & Associates, Winchester, Virginia, USA

Introduction

The US Bureau of Alcohol, Tobacco and Firearms
regulations (1982) define rum as: �an alcoholic
distillate from the fermented juice of sugar cane,
sugarcane syrup, sugarcane molasses or other
sugarcane by-products, produced at less than
190o proof (95o GL), in such a manner that the
distillate possesses the taste, aroma and
characteristics generally attributed to rum, and
bottled at not less than 80o proof (40o GL), and
also includes mixtures solely of such distillates�.

It should be noted that unlike the US
regulations for whisky, the regulations for rum
do not include any requirement that it be aged
in oak barrels for a minimum period of time. The
US regulations also do not specify any geo-
graphic region in which rum may be produced,
however the British regulations define rum as:
�a spirit distilled directly from sugarcane products
in sugarcane-growing countries�.

The regulations are rather vague of necessity
owing to the very wide variety of rums ranging
from the light, nearly neutral, continuous still
products to the heavily flavored, dark, navy-type
pot still products.  The diversity of rum types and
their production methods makes comprehensive
coverage of the industry almost impossible for a

publication such as this.  Thus, readers should
consult the references for additional information.
What are now considered the classic studies on
rum production were published by Rafael Arroyo
of Puerto Rico in the 1940s (see reference list).
That was at a time when the island�s rum industry
increased production very significantly in order
to meet the demand arising from a wartime
shortage of whisky and grain spirits. Other more
recent studies and helpful reviews of the rum
industry have been published by Clutton (1974),
Ianson (1971), Kampen (1975), Lehtonen and
Suomalainen, (1977) and Paturau (1969).

Feedstocks: fresh sugarcane juice or
diluted molasses

Cane juice

Using cane juice for rum production has both
advantages and disadvantages.  The main
advantage is that no additional processing is
required.  The cane is simply crushed and the
juice fed directly into the fermenters.  Another
advantage is that cane juice does not have a high
content of dissolved salts and therefore does not
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cause as much scaling and blocking of distillation
columns as may occur using molasses.

One of the main disadvantages of using cane
juice is that it normally contains only about 12-
16% w/w sugar, so that the alcohol content of
the fermented material is limited to about 6 -8%
v/v as compared to 10-13% v/v obtainable from
molasses. Another significant disadvantage is that
cane juice cannot be stored in bulk for any
considerable length of time.  Heavy contam-
ination with bacteria and yeasts causes it to start
to ferment spontaneously and very rapidly.  This
means that the distillery must be located in close
proximity to the cane mill. It also means that the
cane juice is only available during the cane
harvesting season, which generally does not
exceed six months per year.  Thus, some rum
distilleries may use cane juice during the harvest
season and molasses for the remainder of the
year.  Cane juice may also have cost
disadvantages in that it is a primary, or at least an
intermediate product in the production of sugar.
In contrast, molasses is generally a by-product,
considered to be of lower value.

Cane juice normally becomes heavily infected
with bacteria and yeasts in the crushing process.
Pasteurization prior to fermentation is usually
infeasible due to the large amount of suspended
fiber in the juice, which would tend to block most
heat exchangers.  Thus the contaminating
organisms may significantly reduce alcohol yields
from cane juice.

Molasses

The use of molasses as a feedstock for alcohol
production has been covered in an earlier
chapter in this volume; therefore only a few
comments are necessary with specific reference
to rum.

The source of the molasses can have a strong
influence on the aromatic quality of rum.  This
has been demonstrated in trials on making rum
from beet molasses where it was found that it
was not possible to obtain the same characteristic
aromas as obtained from cane molasses (Arroyo,
1948b).  Arroyo (1941, 1942) reported that fresh

blackstrap molasses with its low viscosity, high
total sugars, nitrogen, phosphorus and a low ash
and gum content was preferable in the
production of rums with desirable odors and
tastes.

Fermentation methods

Heavy rum

Just as there are many different types of rum,
there are many different methods of ferment-
ation.  In the production of heavily flavored rums,
cane juice or diluted molasses mash may be
allowed to ferment spontaneously using yeasts
present naturally in the feedstock.  This is
relatively inefficient in terms of alcohol
production; and the results may vary.  However,
it is the high level of bacterial contamination in
these fermentations that produces many of the
desirable congeners such as acids and esters.
In some processes, e.g. in Jamaica, the
spontaneous fermentation may be assisted by
the addition of �dunder� at the start of
fermentation.  Dunder is old stillage that has been
stored in open tanks to allow development of a
strong bacterial flora.

To attempt a more controlled fermentation
in production of heavy rums, a pure culture of
yeast may be used together with a pure bacterial
culture.  A specially selected strain of yeast,
usually Saccharomyces cerevisiae, which is a
budding yeast, or possibly other species such as
the fission yeast Schizosaccharomyces pombe,
is propagated from an agar slant.  This culture is
transferred every 12-24 hrs through a series of
Erlenmeyer flasks each holding increasing
amounts of sterilized, diluted molasses mash
supplemented with malt syrup or other sources
of nutrients.  When about 20 liters of yeast culture
have been produced, it may be used to inoculate
about 200 liters of diluted molasses mash in a
small plant propagator or �prefermenter�.  The
contents of the vessel are aerated, and after
about 8-12 hrs of propagation are used to
inoculate a larger prefermenter containing about
2,000 liters of mash.  This vessel may also be
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aerated and fed incrementally with more diluted
molasses medium until it contains the equivalent
of about 10% of the capacity of the plant
fermenters.

It is generally considered desirable to have a
minimum of about 50 million yeast cells/ml of
medium when the fermentation has been
completed.  Thus, after allowing for yeast
propagation during the filling process, the 10%
yeast inoculum should have a cell count of about
200 million cells/ml to achieve this objective.

A pure culture of bacteria such as Clostridium
saccharobutyricum may be added after 6-12 hrs
of the yeast fermentation. Usually the bacterial
inoculum amounts to about 2% of the fermenter
capacity; and the pH of the fermenting mash is
adjusted upwards to about pH 5.5 before addition
to give more suitable conditions for the bacterial
propagation.  The bacteria produce a mixture of
acids, predominantly butyric, together with others
such as acetic, propionic, and caproic acids.
These acids in turn react with the alcohol to
produce desirable esters.

Fermentation for light rums

In light rum production, the emphasis is generally
on maintaining clean, rapid fermentations to
minimize development of undesirable congeners
and to maximize fermentation efficiency. Pure
cultures of yeast may be propagated as prev-
iously described.  These may be accompanied
by the use of antibiotics such as penicillin or
bactericides such as chlorine dioxide, ammonium
bifluoride or quaternary ammonium compounds
to control bacterial contamination.

Some plants use �mother yeasting�.  In this
system a pure yeast culture is propagated in the
prefermenter.  The pH is lowered to about 3.7
to reduce bacterial growth; and up to 90% of
the yeast volume is used to inoculate a fermenter.
The prefermenter is refilled with mash to repeat
the process several times.

In other plants, the yeast may be recycled
from one fermenter to another.  This is done by
centrifuging the yeast out of the fermented beer
prior to distillation and then subjecting it to an

acid washing at pH 2.2-2.5 to kill most of the
contaminating bacteria.  As an alternative to acid
washing, the yeast may be treated with about 15
ppm chlorine dioxide at a pH of about 3.5.  The
objective of yeast recycling is to save on sugar
that would otherwise be needed for yeast growth
and to ensure a very high cell count in the
fermenter inoculum.  This provides a rapid
fermentation in which bacteria lack sufficient
opportunity to get well established.

Commercial dry yeasts may also be used in
light rum fermentations.  A large quantity of dry
yeast may be added to the molasses mash at the
start of fermenter filling.  More commonly, in
order to save cost a smaller quantity of the dry
yeast may be rehydrated and propagated for
several hours in a prefermenter before transfer
to the fermenter.

Distillation

The method of distillation used has a consid-
erable effect on the nature of the rum product.
Heavy rums are usually produced by batch
distillation, while light rums are normally prod-
uced by continuous distillation.

Batch distillation: heavy rum

Batch distillation may be performed with various
types of equipment.  The simplest form is a single,
simple pot still. Here, the fermented beer is
transferred into a copper tank or �pot�, as shown
in Figure 1.  The pot is heated either by an internal
steam coil (calandria) or by a fire of wood or
bagasse underneath, usually in a brick enclosure.
The pot is fitted with a vapor pipe which leads to
a condenser coil immersed in a water tank.  As
the beer is heated, the alcohol and other volatile
congeners are distilled off, condensed and run
into a storage tank.  Usually the first fraction
distilled contains much of the more volatile,
pungent �heads� congeners and is discarded as
the �heads cut�.  The process is continued until
most of the alcohol has been distilled out of the
beer.
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Figure 1.  Simple pot still for heavy rum production.
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The beer residue, or �stillage�, is emptied out of
the pot and the distillate is returned from the
storage tank to the pot to be redistilled to
increase the proof.  A heads cut may again be
discarded together with a �tails cut� taken toward
the end of the distillation.  The �center cut�, which
is the bulk of the distillate, has the more pleasant
aromas of fruity esters characteristic of rum.
Normally, there are only two pot distillations, but
there may be a third if desired.

Two or three pot stills may be interconnected,
as shown in Figure 2, to eliminate the need to
transfer the distillate back into the first pot for
redistillation and to conserve energy.  The
efficiency of the pot still in separating congeners
may be improved considerably by including
perhaps five or six bubble cap trays between the
pot and the vapor pipe, and a simple condenser
above the trays to provide some reflux as shown
in Figure 3.  This is the design of pot still most
frequently used by small, on-farm producers of
common tafia and aguardiente rums.  It is a simple
progression from this pot still to the batch kettle
and column still used by larger scale rum
producers, as shown in Figure 4.

In some countries crude rum or aguardiente
is produced on a small scale by numerous
farmers using pot stills.  Their product may then
be sold to companies that redistill it in a batch
system to standardize quality for sale as heavy
rum or for blending with neutral or nearly neutral
spirits to make light rums.

Continuous distillation: light rum

Continuous distillation is usually confined to the
production of light rums.  A two column beer
still with a Barbet type prestripper, as shown in
Figure 5, is normally preferred as it permits
removal of heads, volatile sulfur compounds and
some other undesirable fractions before the bulk
of the alcohol enters the concentrating column.
(Operation of this type of beer still is discussed
in the chapter on neutral spirit production).

When a lighter or less flavorful rum than can
be produced on a simple two column beer still

is required, an extractive distillation column and
a rectifier as employed in neutral spirit production
can be used (Figure 6).

Combinations of batch and continuous
distillation

There are many possible variations and comb-
inations of distillation processes.  For example,
crude pot still distillates may be put through a
simple continuous distillation unit to produce a
more acceptable, standardized product. Arroyo
has described two techniques for combinations
of continuous and batch distillations to produce
both heavy and light rums at the same time.  In
one system Arroyo (1948c) suggested that the
beer first be distilled in a single continuous
column with only about five concentrating
plates. Provision for fusel oil removal allows
some control over the fusel content in the
distillate, which has a proof of about 70o GL.  He
then recommended that the distillate be diluted
to about 40o GL and be submitted to a batch
distillation.

The distillate from the batch column should
be collected as five separate fractions based on
monitored odor variations and rising distillation
temperature.  Arroyo found that the first fraction,
which distilled between 69 and 72oC at a proof
of about 91o GL, represented about 5% of the
total distillate volume and consisted of
unpleasant aldehydes, organic acids and esters.
He recommended this fraction either be
discarded or held for subsequent reprocessing
to recover some of the ethanol. The second
fraction, distilling over a temperature range of
72-77oC at a proof of 93-94o GL, represented
about 10% of the total distillate volume and
contained ethanol with appreciable amounts of
aldehydes and esters.  The third fraction, which
distilled at a fixed temperature of 78oC and a
proof of about 95.5o GL, was the largest in
volume at 55-60% of the total and contained
mostly ethanol with very small amounts of
congeners such as aldehydes, esters and higher
alcohols.  It also contained the lowest
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Figure 2.  Triple pot still system for heavy rum production.
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Figure 3.  Pot still with bubble cap tray section.
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Figure 4.  Batch still for rum production.



Feedstocks, fermentation and distillation for production of heavy and light rums   251

Figure 5.  Modified Barbet beerstill for light rum production.
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Figure 6.  Four column distillation and rectification system for the production of light rum.
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concentration of volatile organic acids.  The
fourth fraction was collected at a distilling
temperature range of 78.5-85oC at a proof of
about 90o GL.  This fraction was characterized
by the presence of most of the higher alcohols
from the original continuous still distillate together
with more esters, aldehydes and acids than in
the previous fraction.  The fifth and final fraction
was collected over a distilling temperature range
of 85-90oC and had a much lower proof than
the other fractions (25-30o GL).  This fraction was
opalescent or turbid due to the presence of some
of the highest boiling point esters and aldehydes
which are more soluble in ethanol than in water.

Arroyo then recommended mixing the last
four fractions in various proportions to make
both light and heavy rums.  He quoted an
example of using 25% of the second fraction,
50% of the third fraction, 40% of the fourth
fraction and 15% of the fifth fraction to make a
light rum while using all the balances to make a
heavy rum and avoid wastage.

In another combined process, Arroyo
(1949b) suggested that the various congener
sidestreams removed in the production of very
light rums or neutral spirit by continuous
distillation should be mixed, diluted with water
and subjected to a fractional distillation almost
identical to that used in the previous process.
The distillate should be split into a similar set of
five fractions with the first discarded, the third
mixed with the light rum and the other three
fractions used in various proportions for
blending heavy rums.  Arroyo claimed that these
rums matured more rapidly than normally
produced heavy rums when aged in oak barrels.
As such there was a saving on warehouse space
and other costs.

Rum maturation and blending

The normal and most reliable method of maturing
rum to make it more suitable for consumption is
by aging in oak barrels. Light rums with very low
levels of congeners may require very little aging
and may be acceptable after just a few weeks in

barrels.  In fact, many of the currently popular
lighter rums are not aged at all.  The heavy rums,
however, tend to require much more aging to
become palatable and may be held in barrels for
five years or longer.

The barrels normally used for rum aging are
obtained from the US, where government
regulations specify that bourbon whiskey must
be aged in new oak barrels thereby creating a
large supply of once-used barrels.  The bourbon
barrels are charred on the inside and are used
for aging rum either with the char intact or after
its removal, depending on the preference of
individual distillery.

Oak wood has a strong influence on the
maturation and ultimate flavor of the rum, largely
due to the extraction of compounds such as
tannins and calcium salts and colorings such as
quercitine.  The type and quantity of the
extracted compounds depend largely on the
length of time and temperature of aging, the
proof of the rum, the type and former usage of
the barrel and the amount of contact surface it
offers.  New oak barrels, or fresh, once-used
bourbon barrels naturally have more extractable
compounds than old barrels that have been used
many times over several years.  Thus, a light rum
stored in new or once-used barrels for a year or
two may emerge with much of the odor and
taste of a bourbon whiskey, as the main
characteristics of bourbon are derived from the
oak wood.  This odor and taste may or may not
be desirable.  A program should therefore be
established to identify individual barrels and code
them as to history of usage in order to select
particular types or ages of barrels for particular
rum products.  For example, in countries requiring
that rum be aged in wooden barrels for a
minimum period of time (which may be 1-3
years), light rums should be aged in the oldest
available barrels as these will contribute the least
amount of flavor.  Even then, it may be necessary
to treat the aged product with activated charcoal
to reduce the color and flavor before bottling.

The main reactions that take place during aging
to make rums more palatable are esterification,
condensation and oxidation.  The formation of
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esters involves a reaction between acids and the
ethanol or other alcohols in the rum, and can
take a considerable amount of time.  The
presence of esters gives the rum a generally
desirable fruity aroma.  In the condensations,
molecules such as aldehydes and alcohols may
combine to form acetals.  In oxidations that occur
with air passing through the pores in the wood,
ethanol may be oxidized to acetaldehyde, which
in turn may be oxidized to acetic acid, to then
undergo esterification to ethyl acetate.

The temperature at which rums are aged will
greatly affect the rate of maturation.  It is reported
that the rate of maturation at 25oC may double
at 35oC (Kampen, 1975).  This means that rums
aged in the tropics will tend to mature more
rapidly than those aged in temperate climates
unless the warehouses are heated.  The higher
temperatures do, however, increase the annual
rate of evaporation loss of rum through the
wood.

The wood contact surface area may be
increased by adding some charred or toasted
oak chips to the barrels.  The chips are relatively
inexpensive as they can be made from scrap
wood and can provide a means of standardizing
the rate of maturation if fresh supplies are used
each time.

Some rum producers add fruit extracts, sugar
and even artificial rum essences to their products.
The use of artificial essences should, however,
be avoided or kept to a minimum as the product
will usually have a noticeably artificial character.
This is because an essence containing possibly
four or five chemical compounds cannot give
the overall �roundness� of odor and taste that
comes from the dozens or even hundreds of
different congeners present naturally in a good
heavy rum.

Characteristics of the aged rums should be
carefully checked prior to bottling. Some
blending may be required to ensure consistency
with rum bottled previously under the same
brand labels.  Caramel coloring may be added
to adjust the color of the rum to a standard in
order to compensate for color variations
acquired from the barrels used in aging.

Disposal of rum distillery wastes

The disposal of molasses stillage is a major
problem in most rum producing areas as the
liquid waste has a high biological oxygen demand
(BOD) and will cause serious pollution if
discharged into rivers or other watercourses.

There are some limited uses of the stillage.  It
may, for example, be sprayed on unpaved roads
in dry seasons to reduce dust.  Similarly, if
evaporated to a syrup referred to as �condensed
molasses solubles�, it may be used as a dust sup-
pressant and source of minerals in cattle feeds.
In some countries, a dried molasses stillage
powder is sold for cattle feeding.

Evaporated stillage syrup may be burned in
boilers as a partial replacement for bunker-C fuel
oil; but the energy yield barely covers the energy
required for the evaporation.  There have also
been reports of the use of molasses stillage as a
binder in the production of concrete blocks.
Generally, however, molasses stillage must be
subjected to waste treatment processes.  It was
reported by Szendrey (1983) that the Bacardi
Corporation in Puerto Rico uses an anaerobic
digestion system to treat stillage and to produce
methane for use as a boiler fuel.  Other stillage
waste treatment systems include anerobic and
aerobic lagoons.
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SUMMARY

To study different forms of N leaching in a soil profile and to observe a possible water

contamination, a field trial was carried out on a Quartzpsament soil, cropped with

sugarcane (third ratoon) during 1994. The same trial was installed in the same place one

year before.

The experimental design was a split-split plot in randomized blocks with four replicates.

It was used 5 treatments at main plot level (control, mineral fertilizer and 3 doses of

vinasse); 4 depths of soil sampling at split-plot level and 3 soil sampling periods at split-

split-plot level.
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As final conclusion the vinasse rates used in this study for 2 years (residual and

cumulative effects) which can be considered as usual in commercial sugarcane fields, did

not promote increase in N-NO3, N-NH4 and N-total in soil profile tested even for 33

weeks after application.

Till the amount of 600 m3 vinasse/ha there was increasing on cane yield, even though

pol% and fiber% cane tended to decrease.

INTRODUCTION

In 1996 the 4.3 million ha under sugarcane cultivation in Brazil produced 255 million ton

of cane, 9.5 million ton of sugar and 12.5 million m3 of alcohol, mainly for fuel

purposes. Normally each liter of alcohol produce about 12 liters of vinasse or stillage, a

liquid residue that is applied to cane fields by trucks and/or mainly by sprinkler irrigation

using big guns.

The chemical composition of vinasse (SILVA & ORLANDO FILHO, 1981) has shown

that it is very rich in organic matter (O.M.) and among the mineral nutrients potassium is

outstanding. Several studies have been carried out on the influence of vinasse on soil

properties such as pH, CEC, Ca, Mg and K (MATIAZZO & GLÓRIA 1985; MAZZA et

al. 1986; NUNES et al 1981 & 1982 and ORLANDO FILHO et al. 1983). Soil

Page 2

properties were usually improved through vinasse application; nevertheless, the

possibility of polluting of N compounds leaching in the soil profile must be considered.

REBOUÇAS et al. 1986 did not observe any soil NO3 contamination up to 1 m depth in

areas that had received vinasse. Recently ORLANDO FILHO et al. 1996 indicated that

there was no influence of NO3, NH4 and other N compounds in soil profile from vinasse.

In sugarcane soils where only mineral fertilizers have been applied, N leaching has also

been studied by several authors (ELWALI et al. 1980; KIEHL et al. 1981; KWONG &

DEVILLE 1984; SALCEDO & SAMPAIO 1984). The data showed different variations

for soil NO3 and NH4 contents.

The purpose of this study was to obtain further information about N leaching, up to 1 m

depth in sandy soil, that has received doses of vinasse during 2 years (residual and

cumulative effects).
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MATERIAL AND METHODS

In may 1993 a field trial was initiated on a Quartzpsament soil cropped with sugarcane

var. RB72454 in second ratoon, using doses of vinasse.

During 1994, the trial was repeated on third ratoon, using the same doses of vinasse,

through a split-split plot design, in 4 randomized blocks, as follows:

Treat. at Main Plot Level Treat. at Split-plot Treat. at Split-split-plot

T1 = control (no fertilizer) D1 = 00-25 cm P1 = 13 wk

T2 = 333 kg/ha of 18-00-36 D2 = 26-50 cm P2 = 22 wk

T3 = 150m3 vinasse/ha D3 = 51-75 cm P3 = 33 wk

T4 = 300 m3 vinasse/ha D4 = 76-100 cm

T5 = 600 m3 vinasse/ha

Each plot consisted of 10 cane rows 21m long and 1.10m between rows spacing. Vinasse

was applied from a tank truck equipped with a 3.5” flexible hose, under 9 psi pressure.

The total amount of vinasse used in each plot was measured through the volume

variation in the tank. The chemical composition of vinasse was: pH = 4.1, C% =0.83,

N=0.41 kg/m3, P2O5 = 0.15 kg/m3 and K2O = 3.68 kg/m3.

All soil samples were obtained from the middle of the central rows during the morning

and stored in plastic bags in a box with ice, although the distance between field trial and

lab was only 20 km. During the afternoon of the same day, soil NH4 and NO3 were

extracted with 2N KCl solution, and total N determined by H2SO4 digestion, according

to BLACK et al. 1965.

After 12 months (June 1996) cane was harvested and stalks weighted on a special scale.

Samples of 16 stalks from each plot were sent to the lab for pol and fiber % cane

determinations.

RESULTS AND DISCUTION

Table 1 shows the general average data for the several main effects (treatments, depths

and soil sampling periods) related to dependent variables (NO3 , NH4 , N-total and OM).

Table 2 gives the corresponding analysis of variance and finally Table 3 shows cane yield,

pol and fiber % cane for the treatments. To understand the data better, the results will be

presented individually for each variable response:

Soil NO3
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Treatments and depths did not influence soil NO3. The tendency was that the treatments

with vinasse showed lower amounts of soil NO3 than control and mineral fertilizer. These

data are in accordance with those achieved by CALDAS 1960, NUNES et al. 1981, who

observed that soil NO3 decreases when vinasse is applied. On the other hand the period

after establishment the trial showed a decreasing of soil NO3. Probably an intense N

microbiological fixation occurred, preventing greater NO3 leaching in the soil profile

(KWONG & DEVILLE 1984). VIERTES & BRINHOLI 1992 observed significant

variation effects of sampling time in soil NO3 levels in a oxisol that received several rates

of vinasse. In Mauritius cane soils, leaching of Ca and K may be greater than NO3

(KWONG & DEVILLE 1984). There was a significant interaction between treatments

(T) and sampling periods (P) as shown in Table 2.

Soil NH4

The general average data (Table 1) showed for T1 (Control) higher soil NH4

concentration than the other treatments. Despite the statistical difference in depth D2 , it

can be said that no vertical ion displacement in the soil NH4 had occurred. Similar results

were obtained by ORLANDO FILHO et al. 1996 using vinasse and by SALCEDO &

SAMPAIO 1984, applying only mineral fertilizers.

According to increasing the period of soil sampling there was a higher amount of soil

NO3, conversely that was found by ORLANDO FILHO et al. 1996, during the first time

that vinasse was applied in the soil. KIEHL et al. 1981 determined that in a brazilian

cane oxisol, the amounts of soil NH4 ranged from 77 to 93% in the soil mineral content.

There were significant interactions involving TxD, TxP and DxP (Table 2).

N-total and Organic Matter (OM)

Differently than observed by ORLANDO FILHO et al. 1996, increasing dosages of

vinasse, the levels of soil N-total decreased. Similar effect was given by soil OM, but soil

OM in treatments with vinasse were higher than the Control (T1) and mineral fertilizer

(T2). It must be considered that vinasse added to the soil in this trial ranged from 4 to 16

ton OM/ha , but vinasse OM is in colloidal size and tends to decompose quickly.

ORLANDO FILHO et al. 1996 did not observe substantial increases of soil OM through

vinasse application, but soil N-total and OM decreased according to the depth, as was

expected. These authors also observed that the better level of soil OM was obtained with

treatment T3, meaning that the superficial soil layer could be OM enriched with vinasse,

mainly low rates such 150 m3/ha . Only the double interactions TxP and DxP for N-total

and TxP for OM were significant (Table 2).

Cane and Sugar Yields

As observed in Table 3, vinasse was an excellent input in order to increase cane yield.

When 600 m3 vinasse/ha (T5) was applied, increase of almost 50 ton cane/ha was

obtained, comparing to mineral fertilizer (T2). Nevertheless high dosages of vinasse not
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only decreased pol % cane but also fiber % cane. Probably the higher vegetative growth

and the excess of K uptake could explain these decreases.

CONCLUSIONS

The vinasse rates used in this study for 2 years (residual and cumulative effects) which

can be considered as usual in commercial sugarcane fields, did not promote any increase

in N-NO3, N-NH4 and N-total in soil profile tested even for 33 weeks after application.

Till the amount of 600 m3 vinasse/ha was enough to promote a significant linear increase

on cane yield, even though pol and fiber % cane tended to decrease.

Page 4
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Table 1. General average for treatments, depths and soil sampling periods.

Dependent Variables

Sources NO3 (ppm) NH4 (ppm) N-total OM (%)
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Treatments
T1 3.3 a(1) 30.6 a 316 a 0.79 d

T2 3.1 a 24.5 b 266 b 0.85 c

T3 3.0 a 24.8 b 306 a 0.98 a

T4 2.7 a 24.8 b 245 b 0.92 b

T5 2.8 a 25.8 b 211 c 0.82 cd

Depths

D1 3.1 a 27.1 a 318 a 1.10 a

D2 3.1 a 25.3 b 274 b 0.91 b

D3 2.9 a 27.0 a 250 bc 0.77 c

D4 2.9 a 25.0 b 235 c 0.67 d

Periods

P1 3.8 a 23.0 b 320 a 0.85 b

P2 2.8 b 28.6 a 236 b 1.00 a

P3 2.4 c 26.7 a 251 b 0.76 c

(1) Different letters in columns indicate statistical significance (Student ´t´ test, P=0.05).

Table 2. Mean squares for the dependent variables from the analysis of variance.

Sources of Dependent Variables

Variation d.f. NO3 NH4 N-total OM

Blocks 3 1.6869 36.42 0.00025* 0.0520*

Treatmens (T) 4 3.4148 311.56* 0.00090** 0.2798**

Residual (a) 12 2.5813 69.20 0.00005 0.0121

Main plots (19)

Depths (D) 3 0.9246 71.28 0.00078** 1.9385**

Inter. TxD 12 1.0290 94.44* 0.00009 0.0270

Residual (b) 45 0.9422 40.83 0.00008 0.0140

Split-plots (79)

Periods (P) 2 41.4970** 628.73** 0.00157** 1.1103**

Inter. TxP 8 8.07796** 295.54** 0.00025** 0.0668**

Inter. DxP 6 1.3379 231.10** 0.00015* 0.0052

Inter. TxDxP 24 0.9172 117.27* 0.00005 0.0156

Residual (c) 120 1.3011 72.17 0.00006 0.0110

Total 239

* Significant at 5% probability level

** Significant at 1% probability level
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Table 3. Cane yield, pol % cane and fiber % cane for the treatments (third ratoon).

Treatments ton cane/ha pol % cane fiber % cane

T1 49.4 a(1) 15.2 ab 17.7 d

T2 81.7 b 16.7 d 14.9 c

T3 98.8 c 16.4 cd 12.0 b

T4 106.9 c 15.7 bc 12.1 b

T5 131.1 d 14.6 a 11.0 a

(1) Different letters in columns indicate statistical significance (Student ´t´ test, P=0.05)
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Abstract

Both dilute and concentrated vinasse can be spread on agricultural fields or used as organic fertilizer. The effects of different charac-
teristics of the original raw material on the biochemical composition of vinasse and their C and N mineralization in soil were investi-
gated. Vinasse samples were obtained from similar industrial fermentation processes based on the growth of microorganisms on
molasses from different raw material (sugar beet or sugar cane) and vinasse concentration (dilute or concentrated).

The nature of the raw material used for fermentation had the greatest effect on the nature and size of the resistant organic pool. This
fraction included aromatic compounds originating from the raw material or from complex molecules and seemed to be quantitatively
related to acid-insoluble N. Samples derived from sugar beet were richer in N compounds and induced greater net N mineralization.
The effect of evaporation varied with the nature of the raw material. Concentration led to a slight increase in the abundance of phenolic
compounds, acid-insoluble fraction, and a slight decrease in the labile fraction of vinasses partly or totally derived from sugar beet. The
effect of the dilute vinasse from sugar cane was greater. The concentrated vinasse had a smaller labile fraction, induced N immobilization
at the beginning of incubation, and exhibited greater N concentration in the acid-insoluble fraction than the dilute vinasse.
� 2007 Elsevier Ltd. All rights reserved.

Keywords: Vinasse; Composition; Mineralization; Phenolic compounds
1. Introduction

Industries based on the fermentation of molasses pro-
duce various wastewaters. Dilute vinasse (also known as
stillage) has the highest organic content and can subse-
quently be concentrated. Both dilute and concentrated vin-
asse can be spread on agricultural fields or used as organic
fertilizer. In this latter case the agricultural soils are consid-
ered as a land treatment system but will also benefit from
nutrients present in the vinasse. However, possible adverse
0960-8524/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.biortech.2007.04.012

Abbreviations: CV, concentrated vinasse; DV, dilute vinasse; MOL,
molasse.
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deau), nico.perso@free.fr (N. Condom).
environmental impacts such as the enrichment of soil in
salt and nitrate leaching need to be considered. Sustainable
management of vinasse spreading therefore requires a pre-
cise understanding of C and N mineralization kinetics. The
wastewaters, including vinasses, from the alcohol distiller-
ies have different compositions and mineralization path-
ways (Parnaudeau et al., 2006), which could be helpful to
understand their subsequent behaviours in soils.

Information available in the literature suggest that the
major organic components of sugar cane vinasse are glyc-
erol, lactic acid, ethanol, and acetic acid (Decloux and Bor-
ies, 2002; Dowd et al., 1994), whereas sugar beet vinasses
also contain glycerol and their main compound is nitro-
gen-rich betaine (Decloux and Bories, 2002; Troccon and
Demarquilly, 1989). In addition to these low molecular
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weight compounds, vinasses may contain melanoidins and
phenolic compounds, which can inhibit or reduce the activ-
ity of microorganism (FitzGibbon et al., 1998), and also cel-
lulose and hemicellulose (Benke et al., 1998). These latter
authors used 13C CP/MAS NMR and DR-FTIR to inves-
tigate the organic matter quality and composition of differ-
ent fractions of sugar cane distillery vinasse and the
dissolved organic carbon (POC and DOC). Given the role
of composition on the potential of organic wastes to miner-
alize in soil, Parnaudeau et al. (2006) demonstrated the
importance of determining the effect of C in the liquid phase
of wastewater on mineralization. It is well understood that
these characteristics are dependent on the raw material and
consequently also on the agricultural practices influencing
plant composition (Sheehan and Greenfield, 1980).

The vinasses in this study were produced by similar
industrial fermentation processes based on the growth of
microorganisms on molasses derived from either sugar beet
or sugar cane. The biochemical compositions of these
materials differed especially with regard to the fibrous frac-
tion. It was assumed that the C and N mineralization of
these vinasses would vary according to: (i) the composition
of the raw material and hence the different vinasse compo-
sition and (ii) the concentration of the vinasse which might
result in the volatilization of certain compounds as well as
the generation of complex molecules. The aim of this study
was to test these hypotheses and identify the composition
criteria that might determine C and N mineralization when
the vinasses were applied to the soil.

2. Methods

2.1. Vinasse samples

General scheme of molasse-based industrial fermenta-
tion process is given in Fig. 1. The concentrated vinasse
(CV) results from the thermal concentration of dilute vin-
asse (DV). Six vinasse samples derived from different fer-
mentation industries were compared and the three
Molasses
MOL

Dilute vinasses 
DV

Concentrated
vinasses

CV

Microorganisms 

Ethanol

H2O

FERMENTATION 

EVAPORATION

Fig. 1. Industrial fermentation process leading to vinasse generation.
corresponding molasses were also sampled. DV0 and
CV0 came from a factory using molasses (MOL0) from
sugar beet only, DV30 and CV30 were produced in a fac-
tory based on molasses from a 30% sugar cane + 70%
sugar beet mixture (MOL30) and DV100 and CV100 came
from a factory that only used sugar cane molasses
(MOL100). The three types of by-product (MOL, DV
and CV) from a given factory were sampled from the same
production sequence and on the same day.

Before analysis and incubation, the dilute vinasses were
frozen and stored at �20 �C whereas the concentrated vin-
asses were only stored at 4 �C: the stability of the concen-
trated vinasses enabled avoiding freezing that could alter
the organic matter. The composition characterizations
were carried out on MOL, DV, and CV whereas the
liquid/solid separation and incubation experiments were
only carried out on DV and CV.

2.2. Fractionation procedures

The vinasses and molasses were fractionated according
to the following methods, described in Parnaudeau et al.
(2006).

(i) The liquid and solid phases of the vinasses were sep-
arated by centrifugation (5200g) during 20 min. The
solid phase (S) was washed with distilled water and
then freeze-dried.

(ii) The molasses and vinasses were fractionated using an
adaptation of the method proposed by Bremner
(1965) to characterize soil organic nitrogen. Twenty-
five milliliters of DV, or 2 g of CV diluted in 25 mL
distilled water, were mixed with 25 mL of 12 M
HCl and heat-extracted under reflux for 16 h. The
acid-insoluble solid residue was then separated by fil-
tration (0.7 lm), washed with distilled water, and
dried at 40 �C.

(iii) The Van Soest method (1963) was also applied using
the design described by Parnaudeau et al. (2004).

The C and N concentrations and the C to N ratios of all
the fractions obtained with the above mentioned methods
were either measured (see below) or calculated. The results
were then expressed in % vinasse C or N (i.e. as the propor-
tion of vinasse C or N present in each fraction for a given
method).

2.3. Carbon and nitrogen determinations

The total C and N concentrations of the solid fractions
and acid-insoluble residues were determined using an ele-
mental analyzer (NA 1500; Fisons, Milan, Italy). The total
soluble N concentration of the vinasses and molasses was
measured using a TN3000 analyzer (Euroglass, Delft,
The Netherlands) and method described by Alavoine and
Nicolardot (2000). The soluble organic and inorganic C
in the vinasses and molasses were determined using a
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TOC 1010 analyzer (OI Analytical, College Station, TX).
The inorganic N content of the vinasses and molasses were
measured by continuous flow colorimetry using an autoan-
alyzer (TRAACS 2000) and adaptations of the methods
proposed by Kamphake et al. (1967) and Krom (1980).

2.4. Biochemical analyses

The nature of the organic carbon in the 9 samples was
determined by assessing the low-molecular-weight com-
pounds using the Ionic Chromatography (Dionex DX
600, USA) coupled with: (i) a CARBOPAQ MA1 column
with a detector of pulsed amperometry for sugars, polyols
and alcohols, (ii) a CARBOPAQ PA1 column with a detec-
tor of pulsed amperometry for sugars and polyols, and (iii)
an IONPAC AS11 column and a conductimetric detector
for organic acids. The concentrations were then expressed
as a percentage of the organic C.

Phenolic compounds were assessed by UV spectropho-
tometry, using a Perkin–Elmer Lambda 14. The 10 prod-
ucts were diluted to the appropriate concentration and
their maximum absorbances were measured.

Betaine is a well-known component of sugar beet and,
because it is not degraded, it is traditionally monitored dur-
ing the sugar production process. The concentration of
betaine was determined by High Performance Liquid
Chromatography (Shimadzu) and then expressed as a per-
centage of the organic N and in g kg�1 d m.

2.5. Soil incubations

The soil used for the incubations was a carbonitic Lithic
Rendoll, which corresponds to a hypercalcareous soil,
described by Parnaudeau et al. (2004).

The rate of vinasse input was 2 g C kg�1 dry soil. A con-
trol soil without vinasse input was also included. The con-
centrated vinasses were highly viscous and were diluted in
distilled water before being added to the soil. There were
four replicates of each treatment and sampling date. The vin-
asses were homogeneously mixed with the soil samples one
day after application to ensure better infiltration and distri-
bution. To ensure that vinasse decomposition was not lim-
ited by inorganic N availability (Recous et al., 1995),
KNO3 was added to the soil to obtain an initial concentra-
tion of about 75 mg NO�3 –N kg�1 dry soil. Soil moisture
content was maintained at a matrix potential of 0.05 MPa
by weighing, and readjusted, if necessary, by adding deion-
ised water. The incubations were carried out at 28 ± 0.5 �C.

C mineralization was assessed during a 6-month incuba-
tion. The CO2 produced by the soil was measured by incu-
bating the equivalent of 50-g dry soil samples. The
cumulative C mineralization for all vinasses was then
expressed as % vinasse organic C. Equivalent 50-g dry soil
samples were also used to study the N mineralization of
each vinasse. Net mineralized N was expressed as % added
organic N. The method is described in detail in Parnaudeau
et al. (2006).
2.6. Data processing

Linear correlations between the mineralization results at
different dates and the chemical characterizations of the
vinasse were calculated using Statistica software (StatSoft,
2001). The variance analysis and mean classification were
performed using the ANAVAR procedure and the Stu-
dent–Newman–Keuls test in the SAS software (SAS, 2001).

The kinetics of vinasse C mineralization were fitted
using a two-compartment model (Delphin, 1988; Gilmour
et al., 1998; Thuriès et al., 2001), and the Microsoft Excel�

software:
CO2ðtÞ ¼ A½1� expð�k1tÞ� þ ð100� AÞ½1� expð�k2tÞ�

where CO2(t) represents the organic carbon of vinasse min-
eralized by day t (% organic C), and A and (100 � A) are
the labile and resistant compartments, respectively (%
organic C), and k1 and k2 are the decomposition rate con-
stants of the labile and resistant compartments, respectively
(d�1).
3. Results and discussion

3.1. Chemical characteristics of the molasse and vinasse

samples

The pH of the molasses (MOL) decreased with the pro-
portion of sugar beet in the raw material, and the vinasse
pH varied between 4.6 and 7.1 (Table 1). The specific grav-
ity and the dry matter concentration of the molasses were
similar whatever their origin. The specific gravity of the
dilute vinasses (DV) was about 1 kg L�1, whereas that of
the concentrated vinasses (CV) increased from 1.22 to
1.35 kg L�1 according to the proportion of sugar cane in
the original material. As expected, the dry matter concen-
trations were much higher in CV than in DV and the dry
matter content was higher in the product that partially or
totally originated from sugar cane molasses.

Carbon concentrations were higher in molasses from
sugar cane, whereas the N concentrations were lower in
samples from sugar cane (Table 1). Inorganic C was nearly
negligible, and inorganic N was a minor component of the
products in relation to organic N. Consequently the organic
and total C to N ratio also varied, from 24 to 42 and from
23 to 40, according to the proportion of sugar cane.

The influence of origin of the raw material on vinasse C
concentration was less clear as the C concentrations were
almost the same in all samples (Table 1). However, the
total and organic N concentrations significantly increased
with those of sugar beet origin. The effect of the concentra-
tion of the vinasse varied with the raw material: the C con-
centration decreased whereas the N concentration
increased when DV0 was concentrated to CV0; both C
and N concentrations increased from DV30 to CV30 and
both C and N concentrations decreased from DV100 to
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CV100. The total C to N and organic C to N ratios of both
DV and CV increased with the proportion of sugar cane.

3.2. Effect of the raw material on the organic matter

composition

This was assessed by considering the characterization
results obtained for the molasses (initial organic matter)
and for the dilute vinasses produced directly from the
molasses fermentation processes, in order to find common
features of composition between the two products derived
from the same raw material.

3.2.1. Carbon compounds of the molasses and dilute vinasses

3.2.1.1. Molasse composition. The most important carbona-
ceous component of the different molasses was sucrose,
which constituted 64.4%, 69.0% and 57.5% of the MOL0,
MOL30 and MOL100 organic C, respectively (Table 2).
The sucrose concentration was higher in molasses from
sugar beet, confirming previous studies (ADEME and
Institut de l’Elevagev). MOL30 and MOL100 also con-
tained some fructose and glucose. The cumulative percent-
ages of organic acid C and alcohol C were low compared to
the percentage of carbohydrates in all the molasses but,
unlike MOL30 and MOL100, MOL0 contained ethanol.
The proportion of total low-molecular-weight C com-
pounds in the molasses was relatively similar regardless
of their origin.

Conversely, assessment of the phenolic compounds in
molasse solutions by UV spectrophotometry showed that
the maximum absorbance varied according to the origin of
the molasses (Table 3). Absorbance maxima were observed
at 263 nm for MOL0, at 266 nm for MOL30 and at
271 nm for MOL100. The absorbance values also varied
with the origin. UV spectrophotometry is probably the com-
monest and most rapid method for determining phenolic
compounds. This method is also very sensitive since the
extinction coefficients of aromatic groups are usually high.
Together with quantitative information, UV spectroscopy
provides information about the chemical structure of the
samples studied, since the shapes and absorption maxima
of the UV spectra are related to the chemical nature of the
chromophoric groups absorbing the UV light. In this study,
the UV spectra of the sugar cane- and sugar beet- derived
products were very different (Fig. 2). The spectra of the
sugar cane-derived products showed an absorbance maxi-
mum at 271 nm followed by a smooth decrease in absor-
bance with a shoulder at 320 nm, whereas the sugar beet-
derived products displayed a sharper decrease in absorbance
after a maximum at 261–263 nm. This pattern could not be
directly related to the plant product absorbing UV light.
However the aromatic amino acids responsible for protein
absorption exhibit an absorption maximum at a lower wave-
length (tryptophane = 280 nm, tyrosine = 274 nm, phenyl
alanine = 259 nm) (Pace et al., 1995) but with no shoulder
at 320 nm. In contrast cinmamic derivatives can exhibit such
absorbance at 320 nm (especially in graminaceous species



Table 2
Biochemical C and N components of the molasses and vinasses tested

MOL0 MOL30 MOL100 DV0 DV30 DV100 CV0 CV30 CV100

Carbonaceous compounds (% organic C)

Lactate 1.3 1.0 0.3 4.0 3.5 1.0 5.8 2.9 0.4
Acetate 1.3 0.8 0.3 3.7 2.8 2.6 3.4 2.6 8.4
Propionate 0.0 0.0 0.0 0.1 0.3 0.8 0.0 0.0 3.3
Formate 0.2 0.2 0.1 0.7 0.1 0.3 0.8 0.3 0.5
Butyrate 0.1 0.0 0.0 0.4 0.1 0.1 0.0 0.1 0.9
Pyruvate 0.0 0.0 0.0 2.3 0.3 0.8 0.5 0.1 0.0
Valerate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9
Malate 0.3 0.3 0.3 2.9 1.0 1.2 2.1 1.4 0.2
Tartrate 0.0 0.0 0.1 0.3 0.2 0.2 0.0 0.1 0.0
Oxalate 0.3 0.4 1.3 7.2 7.9 4.0 1.6 1.8 5.5
Citrate 0.0 0.0 0.1 0.3 0.1 0.1 0.1 0.1 0.0
Iso-citrate 0.0 0.0 0.1 0.1 0.4 0.1 0.1 0.0 0.2
cis-Aconitate 0.2 0.3 0.3 1.1 0.1 1.4 1.0 0.9 0.2
trans-Aconitate 0.0 0.0 0.1 0.0 0.8 0.5 0.0 0.4 6.7

Ethanol 8.8 0.0 0.0 0.0 1.2 0.0 0.0 6.9 0.0
Inositol 0.2 0.2 0.3 0.2 0.1 0.2 2.9 0.2 0.2
Glycerol 0.1 0.2 0.1 3.6 0.0 0.0 8.0 0.3 0.2
Arabitol 0.0 0.0 0.0 0.1 0.1 0.3 0.9 0.1 0.1
Sorbitol 0.1 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.0
Mannitol 0.1 0.2 0.3 0.3 0.0 0.2 1.5 1.9 0.1

Trehalose 0.0 0.0 0.1 1.6 0.0 0.1 2.4 0.0 0.2
Arabinose 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Galactose 0.0 0.0 0.0 0.0 0.0 0.1 0.9 0.0 0.0
Mannose 0.0 0.3 0.4 0.0 0.0 0.0 1.1 0.0 0.0
Lactose 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ribose 0.2 0.0 0.0 0.0 0.1 0.0 0.1 0.1 0.1
Fructose 0.0 5.8 9.4 3.4 0.0 0.1 1.9 0.7 0.0
Glucose 0.0 4.2 4.9 0.3 0.1 0.4 0.7 0.8 0.0
Saccharose 64.4 69.0 57.5 0.1 0.1 0.3 2.8 0.5 1.3

Organic acids 3.7 3.1 3.0 23.1 17.7 13.0 15.5 10.7 27.3
Alcohols and polyols 9.2 0.7 0.7 4.3 1.5 0.7 13.3 9.3 0.6
Carbohydrates 64.6 79.4 72.3 5.6 0.4 1.0 9.8 1.9 1.5
Total 77.5 83.2 75.9 33.0 19.6 14.7 38.6 21.9 29.4

Nitrogenous compounds (% organic N)

Betain 46.1 34.9 0.0 45.1 45.0 0.0 39.3 37.3 0.0

Table 3
Characterization of the phenolic compounds in the molasses and vinasses tested

MOL0 MOL30 MOL100 DV0 DV30 DV100 CV0 CV30 CV100

kmax 263 267 271 261 271 271 261 271 271
Phenolic compounds absorbancea 0.498 1.074 1.575 1.055 2.549 3.702 2.089 2.949 5.507

a Absorbance has been expressed on a dry matter basis.
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such as sugar cane) and a higher maximum absorption (275–
280 nm) (Lin and Dence, 1992). The selective precipitation
of protein using ammonium salts and ethanol was attempted
but failed to reveal the complex structures of the products.
Thus, the UV spectra could only be interpreted as indicating
the botanical origin and predominance of one type of com-
ponent in a complex mixture. Due to the different natures of
the revealed compounds, no common absorptivity coeffi-
cient could be used to calculate the phenolic concentrations
of the solutions. An attempt was made to compare the
absorbances of the different products at kmax, by expressing
them on a dry matter basis (Table 3). Finally, the results of
this simple characterization showed that the molasses origi-
nating from sugar cane contained lignin-derived phenolic
compounds, whereas those originating from sugar beet
had protein-derived compounds including aromatic rings.
The relative amounts of these phenolic compounds, based
on the expression of absorbance on a dry matter basis, also
varied with the origin.

Most of the total molasse C was present in the acid sol-
uble fraction (Table 4). The acid hydrolysis also showed
that the acid insoluble C increased with the original pro-
portion of sugar cane, which might be due to the presence
of the above mentioned-phenolic compounds.
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3.2.1.2. Dilute vinasse composition. The proportion of
organic acids in DV carbon decreased with the original
proportion of sugar cane (Table 2). The most important
compounds in all the DV were oxalate, lactate, acetate
and malate. DV0 also contained pyruvate. DV contained
few alcohol compounds and carbohydrates, except for
3.6% DV0 C in glycerol compounds. The proportion of
low-molecular-weight C compounds increased with the ori-
ginal proportion of sugar beet, which was difficult to inter-
Table 4
Carbon and N characteristics obtained by fractionation of the molasses and v

MOL0 MOL30 M

Liquid–solid separation

Solid fraction C % organic C – – –
Solid fraction N % organic N – – –
Solid fraction C to N ratio – – –
Liquid fraction C to N ratio – – –

Acid hydrolysis

Acid insoluble C % organic C 13.1 16.2 1
Acid insoluble N % organic N 4.1 9.7 1
Acid insoluble C to N ratio 73.7 44.4 6
Acid soluble C to N ratio 20.8 24.6 3
pret as related to the different raw materials in view of the
similar composition of the molasses. It is more likely to
have resulted from the fermentation process.

The maximum absorbances of the vinasse spectra, like
the molasses, varied according to molasse origin. Absor-
bance maxima were observed at 261 nm for DV0, and at
271 nm for DV30 and DV100. The absorbance values also
varied with the origin (Table 4). The same differences in
nature and amounts of phenolic compounds were observed
between the vinasses and molasses originating from sugar
beet and those from sugar cane. Other authors detected lig-
nin-derived phenolic compounds, by Pyrolysis-GC/MS for
example, in sugar cane vinasses (Gonzalez et al., 2000).
Fractionation by Van Soest method showed that the fibre
fraction was absent from all vinasses (results not shown),
which confirmed that the phenolic compounds in the sugar
cane-derived products were probably lignin precursors or
lignin moieties rather than intact lignin macromolecules.
In contrast to MOL30, DV30, which originated from both
sugar beet and sugar cane, only contained lignin-derived
phenolic compounds. It is presumed that any protein-
derived compounds were degraded by microorganisms dur-
ing the fermentation process.

Most of the total C in molasses was present in the acid
soluble fraction of all the products (Table 4). The propor-
tion of acid insoluble C increased with the original propor-
tion of sugar cane, from 6.6% to 30.1% of the organic C,
and was proportional to the acid insoluble C in the
molasses.

The liquid and solid fractions were difficult to separate
by centrifugation. The solid fraction in all the products
was very small but was nevertheless slightly higher in the
DV from sugar beet. Visual observation of the solid frac-
tion of sugar beet-derived products revealed mineral grains
that could have been soil particles but no further investiga-
tions were carried out to confirm this.

3.2.2. Nitrogen compounds and origin

As described above, the molasses and vinasses from
sugar beet presented higher N concentrations and lower
C to N ratios. These results are consistent with the plant
C to N ratios (Moletta, 2002; Wang et al., 2004). A signif-
icant proportion of the organic N in MOL0 and MOL30
inasses

OL100 DV0 DV30 DV100 CV0 CV30 CV100

11.4 2.9 3.9 9.0 0.9 2.5
18.7 3.6 3.8 11.6 0.7 3.7
5.7 8.5 12.4 6.1 11.7 8.8

10.2 10.7 12.1 8.1 9.4 13.0

9.2 6.6 20.6 30.1 10.6 19.8 31.4
2.5 2.3 9.2 14.1 5.2 9.7 24.7
2.1 27.0 23.8 25.8 15.9 19.1 16.3
7.2 9.0 9.3 9.8 7.4 8.3 11.7
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was due to betaine (46.1% and 34.9%, respectively). As
expected, MOL100 did not contain any betaine (Table 2).
Approximately 40% of the organic N in all vinasses derived
from molasses containing sugar beet was represented by
betaine.

Most of the total N was present in the acid soluble frac-
tion of the molasses and dilute vinasses (Table 4). The pro-
portion of insoluble N increased with the original
proportion of sugar cane. The C to N ratio of the acid sol-
uble fractions increased with the original proportion of
sugar cane in the molasses, but was similar whatever the
origin for the dilute vinasses. This trend was different for
the C to N ratio of the acid insoluble fraction: the lowest
C to N ratios were obtained for the products derived from
the sugar beet and sugar cane mix. Moreover the C to N
ratios were higher in the acid insoluble fraction than in
the acid soluble fraction.

The C to N ratio of the solid fraction varied from 5.7 to
12.4, whereas that of the liquid fraction varied between 8.1
and 13.0.

As indicated by Gonzalez et al. (2000), the nitrogen in
dilute vinasses could originate both from the cells of micro-
organisms and from the original molasses. This molasses
origin was confirmed by the relatively similar proportions
of acid insoluble N found in MOL and DV which were
derived from the same raw material. The presence of beta-
ine in MOL and DV showed that at least part of the dilute
vinasse N came directly from the molasses. This molecule is
present in sugar beet but not in sugar cane or the biomass,
nor is it degraded by fermentation microorganisms. Thus,
the difference in N compounds may be ascribed to the nat-
ure of the raw material if N is added during the process to
simply cover the biomass requirements.

3.3. Evolution of organic matter composition during the

process

The evolution of certain compounds during the first step
of the vinasse-producing process has already been men-
tioned. Most small C molecules are assimilated during fer-
mentation and small molecules such as alcohols and
organic acids are released. It is not easy to distinguish
clearly between the influence of the nature of the raw mate-
rial and that of the process. The most resistant compounds,
i.e. phenolic or acid insoluble ones, present in the molasses,
seem to remain or even become concentrated in the DV.
Dowd et al. (1994) compared vinasses produced from the
fermentation of sugar cane molasses, citrus waste and
sweet whey, using gas chromatography/mass spectrometry
and high performance liquid chromatography. These
authors also found significant differences in the composi-
tion of organic compounds of low molecular weight result-
ing from the different raw materials used for fermentation,
and from the actual fermentation process.

The high temperatures during the production of concen-
trated vinasse (CV) from dilute vinasse (DV) were pre-
sumed to induce two types of organic matter
modification, notably the evaporation of volatile and the
condensation of organic compounds to produce more com-
plex molecules (Maillard, 1912). We observed a variable
effect of evaporation on C and N concentrations, as men-
tioned above. The proportion of organic acids decreased
from DV0 to CV0 and from DV30 to CV30, probably
due to volatilization, but increased, surprisingly, from
DV100 to CV100 (Table 2). This might be due to some
micro-organisms in the dilute vinasse still being active at
the beginning of evaporation. Similarly, the observed
increase in the concentration of alcohols and carbohy-
drates from DV0 to CV0 and from DV30 to CV30 was also
unexpected.

The maximum absorbances in the concentrated vinasse
spectra (Fig. 2) varied according to the origin of the
molasse, and the wavelength of the concentrated vinasse
was the same as for the corresponding dilute vinasse (Table
3). The absorbance values increased when the vinasses were
concentrated. As the nature of the phenol compounds was
the same for a given vinasse origin, it can be deduced that
the concentration of phenol compounds increased from
DV to CV. The carbon concentrations in dilute and con-
centrated vinasses were similar, and neither lignin-derived
nor protein-derived compounds were expected to be gener-
ated during the evaporation process. Consequently it was
assumed that the increased absorbance of the CV solutions
could have been due to melanoidin formation, as the con-
ditions would have favored the Maillard reaction (Mail-
lard, 1912).

The acid hydrolysis results were different for the source
materials. Acid insoluble C and N increased from DV0 to
CV0 (Table 4) and could also be ascribed to melanoidin
formation (Maillard, 1912), because of the high tempera-
ture and the presence of proteins and reducing sugars.
However, no such results were observed with DV30 and
CV30. Considerable increase in acid insoluble N between
DV100 and CV100, although the acid-insoluble C
remained the same, is difficult to explain. If the decrease
in C and N concentrations from DV100 to CV100 is con-
sidered as well as the increase in organic acids concentra-
tion, one explanation could be that persistent biological
activity in DV100 at the beginning of evaporation might
initiate mineralization-denitrification which would be
favored in this aqueous medium by the high temperatures
and presence of labile organic C. Another more probable
explanation would be the presence of specific phenol com-
pounds such as tannins which could be linked with peptide
N (Monties, 1980).

3.4. Factors influencing mineralization of the products

3.4.1. Labile and resistant organic compounds

The mineralization of carbon in the three dilute vinasses
was extremely rapid during the first 2 weeks, then slowed
down until it nearly stopped at the end of the 6-month per-
iod (Fig. 3a,c,e). Cumulative mineralization was similar for
both DV30 and DV100 (71% at the end of the incubation
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period). From the very start of incubation, carbon mineral-
ization was slightly higher in DV0, and accounted for 77%
of the organic C at the end of the experiment. The fitted C
mineralization kinetics (Table 5) indicate that the percent-
age of organic C in the labile compartment (a) decreased
from 66% to 27% according to the proportion of sugar beet
in the original mixture. The k1 coefficient of this compart-
ment decreased from 0.395 to 0.299 d�1. In contrast, the
resistant compartment increased with decreasing propor-
tion of sugar beet, whereas the variation in k2 was appar-
ently not linked with the original plant material.

Comparison of DV0 and CV0, and of DV30 and CV30
revealed the same trend (Fig. 3a–d). Net C and N mineral-
ization were slightly but significantly higher for the dilute
vinasse treatments than for the concentrated vinasse treat-
ments (p = 0.05). Carbon mineralization in DV100 derived
from sugar cane molasses, was much higher than that of
the CV100 (Fig. 3e). The fitted C mineralization kinetics
showed that the labile compartment A was similar in size
for DV0 and CV0, and for DV30 and CV30, but differed
between DV100 and CV100.
Table 5
Parameters of the 2-compartment C mineralization model

A (% organic C) k1 (d�1) k2 (d�1)

DV0 66 0.337 0.0034
DV30 54 0.377 0.0035
DV100 51 0.331 0.0041
CV0 59 0.395 0.0030
CV30 50 0.392 0.0030
CV100 27 0.299 0.0016
No significant relationship was observed between the
size of labile compartment A and the presence of low-
molecular-weight organic compounds. However strong
positive correlations were found between A and C mineral-
ization rates and the proportion of organic N present in the
acid-soluble fraction (Table 6). A and the C mineralization
rates were also negatively linked with the absorbance of
phenol compounds measured by UV spectrophotometry.
Acid soluble N is probably readily decomposed by soil
micro-organisms and may consist of free amino-acids and
protein. Conversely, acid-insoluble N might be included
in aggregates, the cell walls of micro-organisms or complex
molecules such as lignin-derived compounds or melanoi-
dins, which are assessed during absorbance measurements.
These resistant and complex molecules need further inves-
tigation, because as they remain in soil, they are probably
also resistant to the biological treatment carried out on vin-
asses prior to their release into surface water (FitzGibbon
et al., 1998). Phenolic compounds, for example, are well-
known inhibitors of anaerobic digestion, which is why vin-
asses are subjected to a fungal pretreatment to decrease
their phenol content (Jimenez et al., 2003).
3.4.2. Factors of composition influencing N dynamics

The kinetics of net N mineralization differed with regard
to the origin of the products (Fig. 3b,d,f). The net N min-
eralization of DV0 and DV30 was very rapid during the
first few days and then slowed down. The final values at
the end of incubation were 55% and 76% of DV0 and
DV30 organic N, respectively. In contrast, the net N min-
eralization of DV100 slowly increased and finally attained



Table 6
Significant correlations (*p = 0.01) between composition criteria and C and N mineralization rates

A C mineralization rate Net N mineralization rate

Day 6 Day 56 Day 168 Day 6 Day 56 Day 168

% organic C % organic N

Total C g kg�1 d m 0.94* 0.94* 0.93* 0.92* 0.75 0.77 0.69
Betaine g kg�1 d m 0.78 0.81 0.70 0.66 0.92* 0.83 0.72
Acid soluble N % vinasse N 0.98* 0.99* 0.94* 0.92 0.87 0.86 0.79
Acid insoluble N % vinasse N �0.98* �0.99* �0.94* �0.92 �0.87 �0.86 �0.79
Phenolic compounds g kg�1 d m �0.97* �0.97* �0.93* �0.90 �0.87 �0.85 �0.78
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46% of the organic N. Net nitrogen mineralization rates for
the products derived from sugar beet were slightly but sig-
nificantly higher in the dilute vinasse than in the concen-
trated vinasse (p = 0.05). The net N mineralization
pattern was very different for CV100, inducing net N
immobilization during the first 40 days of incubation and
slow net N mineralization after this period (Fig. 3f). The
final net N mineralization values were 46% and 8% for
DV100 and CV100, respectively.

Nitrogen dynamics in vinasse-treated soil are driven
partly by the kinetics of vinasse decomposition and partly
by the availability of nitrogen present in the decomposed
organic molecules (Swift et al., 1979). In our study no sig-
nificant correlation (p = 0.01) was obtained between N
mineralization during incubation and the composition cri-
teria, except for net N mineralization on day 6 which was
positively linked with betaine concentration (Table 6).
4. Synthesis and conclusion

For these vinasse samples, the nature of the raw material
used for fermentation had the greatest effect on the nature
and size of the resistant organic pool. The fractions in this
pool included aromatic compounds, especially phenol com-
pounds originating from the raw plant material or from
complex molecules such as melanoidins, induced by the
physico-chemical conditions. Acid-insoluble N seemed to
be quantitatively related to this vinasse fraction. The size
of the labile fraction was higher in the vinasses derived
from sugar beet molasses, but the composition of this frac-
tion and the extent to which it depended on the nature of
the raw material, was not showed in this study. The size
of this fraction was related to the acid-soluble N that prob-
ably consisted of free amino-acids, peptides and proteins
which are suitable substrates for soil microorganisms. As
for N dynamics, the sugar beet-derived samples were richer
in N compounds and induced greater net N mineralization.

The effect of evaporation varied according to the nature
of the raw material. Concentration led to a slight increase in
the abundance of phenol compounds and the acid-insoluble
fraction, and to a slight decrease in the labile fraction of the
vinasses partially or totally derived from sugar beet. The
effect of concentration on the dilute vinasse from sugar cane
was even greater. The corresponding concentrated vinasse
had a smaller labile fraction, induced N immobilization at
the beginning of incubation, and exhibited greater N con-
centration in the acid-insoluble fraction than the dilute vin-
asse. Although this could be ascribed to the association of
protein or peptides with cane phenolic compounds, as can
occur with plant residues or soil organic matter, this
assumption requires more detailed investigation.
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Datasheet 
 
Product Definition 

 
Vinasse (beet-, cane-), alcohol production 
(NL: Vinasse (biet-, riet-), alcoholbereiding) 
(DU: Vinasse (rüben-, rohr-), Alkoholbereitung)  
 

Byproduct obtained after fermentation of (sugar 
from) beet- or cane molasses during the 
production of alcohol. 
 

Vinasse (beet-, cane-), yeast production 
(NL: Vinasse (biet-, riet-), gistbereiding) 
(DU: Vinasse (rüben-, rohr-), Hefebereitung) 
 

Byproduct obtained after fermentation of (sugar 
from) beet- or cane molasses during the 
production of yeast. 
 

Vinasse (beet-, cane-), amino- and organic 
acid production 
(NL: Vinasse (biet-, riet-), amino- en organische 
zuren bereiding) 
(DU: Vinasse (rüben-, rohr-), Amino- und 
organischer Säurenbereitung) 
 

Byproduct obtained after fermentation of (sugar 
from) beet- or cane molasses during the 
production of citric acid or other organic matters. 
 

 
 
 
 
 
Processing aids used during processing 

Organic acids 
Yeast 
Vitamines 
Minerals 
N-source 
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Deatil 1
Process diagram Vinasse
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Detail 2
Process diagram Vinasse
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4.6
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Crude
alcohol
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(beet-, cane-),

alcoholproduction
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Detail 3
Process diagram Vinasse
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Raw material 
name 

Hazard Risk ranking Critical Control Point (CCP) 
Point of attention (POA) 

Suggestion of control 
measure 

Possible source 
or database 

Vinasse 
(beet-, cane-) 

 Cat. Chance Serious-
ness 

Risk AF Act / GMP 
Reference to standard 

 Reference in 
proces diagram 

  

For the risks concerning the input (beet-. cane molasses) the PDV risk assessments of the relevant processing industries applies. 
 Transport / storage Contamination with physical components: P  small       1, 2, 3, 5, 6 Purchase conditions T 
       - Preserved wood    large 3 GMP+-2006 Appendix 3 POA      
       - Glass    large 3   POA      
       - Synthetic materials    medium 2 GMP+-2006 Appendix 1       
       - Metal particles    large 3   POA      
       - Sand, small stones    medium 2         
       - Packing materials:    medium 2 Directive 91/516/EEG,       
           - Polyvinylchloride     GMP+-2006 Appendix 3     
           - Polystyrene          
           - Dibutyl phthalate          
           - Polyethylene     GMP+-2006 Appendix 1     
           - Di(2-ethylhexyl) phthalate          
            
 Presence of insects / vermin:  M  small       1, 2, 3, 5, 6 Vermin control T, MV 
    - Insects    medium 2      
    - Birds, rats, mice    large 3  POA    
           
 Pest- and  disease control during storage: C  small  large 3  POA  1, 2, 3, 5, 6 Monitoring  Lit 
    - Fungicides            
    - Insecticides            
    - Rodenticides            
           
 Microbiological contamination by soiling with 

excreta or remainders of refuse from 
inadequately cleaned means of transport: 

M  small  large 3 GMP+-2006 Appendix 1 POA  2, 6 GMP-Transport + monitoring T, DB-CVB, Lit, 
DB-EU, MV 

 Enterobacteriaceae :          
      - Salmonella          
       - Escherichia coli (E coli)            
       - Shigella spp.            
       - Yersinia Enterocolitica            
           
 Fungi and yeasts M  small  medium 2 GMP+-2006 Appendix 1   3, 5 Monitoring of pH, 

temperature and AW-value 
T, DB-CVB,  
DB-EU, MV 

           
 Contamination with banned substances:   small  large 3 GMP+-2006 Appendix 3 POA  1, 2, 3, 5, 6 GMP-Transport + monitoring DB-EU, PDV, Lit 
     - Faeces and urine M/C           
      - Waste fats and sludge C           
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Raw material 
name 

Hazard Risk ranking Critical Control Point (CCP) 
Point of attention (POA) 

Suggestion of control 
measure 

Possible source 
or database 

Vinasse 
(beet-, cane-) 

 Cat. Chance Serious-
ness 

Risk AF Act / GMP 
Reference to standard 

 Reference in 
proces diagram 

  

Other contaminants:   small       1, 2, 3, 5, 6   MV, T Transport / storage 
(cont.)     - Waste water C   large 3 Regulation 98/83/EG  POA      
      - Hydrocarbons C10 – C40, PCB’s C   large 3 GMP+-2006 Appendix 1 POA  Machine maintenance   
      - Disinfectants C   large 3   POA      
      - Remainders from a previous load M/C/P   large 3 GMP+-2006 Appendix 14 POA      
      - Cleaning agents C   large 3   POA  Feed/ Food grade agents   
      - Remainders of refuse as a result of 

      an inadequately cleaned installation 
C/P   medium 2        
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Raw material 
name 

Hazard Risk ranking Critical Control Point (CCP) 
Point of attention (POA) 

Suggestion of control 
measure 

Possible source 
or database 

Vinasse 
(beet-, cane-) 

 Cat. Chance Serious-
ness 

Risk AF Act / GMP 
Reference to standard 

 Reference in 
proces diagram 

  

Processing / 
handling 

Forming of or contamination with toxic 
components as a result of:  
direct drying, inadequate  combustion, soiled 
fuels or burning of the product: 

 
 
 

C 

 
 
 
 small 

  

 

   
 
 
 4.6, 4.9, 4.11 

Control measure T. 
When using mineral oil, coal 
or other sources: 
independent  inspection and 
monitoring once per year 

Lit, MV, DB-AM 

       - Dioxins and dioxin-like PCB’s    large 3 GMP+-2006 Appendix 1 POA      
       - Polycyclic Aromatic Hydrocarbons (PAH's)    medium 2 GMP+-2006 Appendix 1       
      - Polychlorinated Biphenyls (PCB’s)    large 3 GMP+-2006 Appendix 1 POA    
       - Heavy metals (Ash particles)    large 3  POA    DB-AM, MV, Lit, T,  
      - Acrylamid    large 3  POA   DB-EU 
           
 Contamination via processing aids C/F/M  small  large 3  POA  4.2 Purchase conditions, certified 

supplier  
 

           
 Contamination with organic components: C  small  large 3   POA  4 GMP-Transport + monitoring DB-EU, PDV, Lit 
      - Untreated process water     Directive  90/667/EEG       
      - Other fats and oils     GMP+-2006 Appendix 3       
               
 Contamination with physical components: P  small       4 Purchase conditions T 
      - Glass    large 3   POA      
        - Synthetic materials    medium 2 GMP+-2006 Appendix 1       
       - Metal particles    large 3   POA      
       - Sand, small stones    medium 2         
      - Packing materials:    medium 2 GMP+-2006 Appendix 3,    Feed / Food grade materials   
           - Polyvinylchloride     Directive 91/516/EEG     
           - Polystyrene          
           - Dibutyl phthalate          
           - Polyethylene     GMP+-2006 Appendix 1     
           - Di(2-ethylhexyl) phthalate          
           
 Other contaminants:   small       4   MV, T 
     - Waste water C   large 3 Regulation 98/83/EG POA      
     - Microbial contaminants   M   large 3   POA      
     - Hydrocarbons C10 – C40, PCB’s C   large 3 GMP+-2006 Appendix 1 POA  Machine maintenance    
     - Disinfectants C   large 3   POA  Feed/ Food grade agents   
     - Cleansing agents C   large 3   POA  Feed/ Food grade agents   
     - Remainders of refuse as a result of 

      an inadequately cleaned installation 
C/P   medium 2         
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MATERIAL SAFETY DATA SHEET Page: 1 
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Tate & Lyle, Thames Refinery, 
Factory Road,  
SSiillvveerrttoowwnn,,  LLoonnddoonn  EE1166  22EEWW 

CONDENSED MOLASSES SOLUBLES 
(CMS) 

Date: 1/3/2005 
Supersedes 
15/11/2004 

TTeell::  ++4444((00))2200  77554400  11111188,,    
FFaaxx::  ++4444((00))2200  77554400  11884488 

 
1. Identification of the product and the Company 
 Product name :  Condensed Molasses Solubles or CMS 
 Product code :  SAP Material Number 10338 
 Product type :  Animal feed ingredient, liquid fertiliser component 
 Supplier :  Tate & Lyle 
 Contact number for technical information :  See above heading 

 
2. Composition and Process 
     The condensed by-product of yeast or alcohol production by fermentation of beet and/or cane molasses 
 A dark brown syrupy liquid with earthy caramel-like, non-pungent smell 
 
3. Hazards Identification 
 - Inhalation :  Not applicable 
 - Skin contact :  None under normal ambient conditions 
 - Eye contact :  None under normal conditions 
 - Ingestion :  None under normal conditions 
 
4. First Aid Measures 
 - Skin:  :  May cause slight irritation, wash area with soap and water 
 - Eyes: :  May cause irritation, flood eye with water 
 
5. Fire-fighting Measures 
 Not applicable, not combustible when spilled or transported 
 
6. Accidental Release Measures 
 Personal precautions :  None under normal conditions. 
 Environmental precautions :  Biodegradable, increases BOD and COD – see 12. 
 After spillage/leakage :  Contain spills with sand and shovel into salvage container for disposal. Hose 

down small spillages or residue (slippery when wet) into sewers serviced by 
wastewater plant with plenty of water. Prevent direct discharge into watercourses 
or lakes due to high BOD. If this does occur, inform Local Authorities at once. 

 
7. Handling and Storage  
Handling : Avoid contact with skin, eyes and clothing.  Wear recommended PPE.  
Storage :  store in ventilated tanks (mild steel, stainless steel, polyethylene, PVC) at 

ambient temperatures. Avoid microbiological contamination or dilution with water. 
 
8. Exposure controls/personal protection 
 Personal protection :  None under normal conditions 
 - Respiratory protection :  Not applicable 
 - Hand protection :  Not required, butyl rubber gloves advised  
 - Eye protection :  Safety glasses or goggles may be desirable when emptying containers or drums. 
  
 
9. Physical and chemical properties 
 Physical state at 25oC :  Low viscosity liquid 
 Colour :  Very dark brown 
 Odour :  Weak caramel non-pungent 
 pH value as is :  About 5.4 
 Initial boiling point (oC) :  >100 
 Flammability, Flash point  (oC) :  Not applicable 
 Explosion limits (lower) (kg/ m3 ) :  Not applicable 
 Relative Density at 20 oC (kg/l) :  About 1.33 
 Viscosity (cps) at 20oC :  About 100 
 Solubility in water (% weight) :  Forms infinite aqueous solution 
 Vapour pressure (hPa) :  Not applicable  
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10. Stability and reactivity 
 Hazardous decomposition products :  Burning can produce CO2 and water, N compounds 
 Materials to avoid :  Strong acids and alkalis, oxidising agents 
 Microbiological stability :  Stable unless diluted with >5% water when yeast, mould and some harmless 
bacterial (eg Lactobacillus spp.) growth may occur in warm temperatures.  Pathogens will not grow, indeed are killed. 
 
11. Toxicological information 
 Acute toxicity :  None, non toxic 
 Chronic toxicity :  None 
 
12. Ecological information 

No significant environmental hazard or adverse effect from human or animal exposure resulting from accidental release of this 
material is anticipated. Its components are used in food and feed and there is no LD50 . 

 - COD (mgO2/g ds) :  About 350 
 - BOD (mgO2/g ds) :  About 300   
 -Ecotoxicity :  Due to its high BOD, accidental discharge of large quantities into rivers or lakes 
will cause temporary algal growth (‘bloom’) and dissolved oxygen reduction with possible serious or deleterious effects on fish. 
 
13. Disposal considerations 
 Disposal :  See Section 6 
  
14. Transport information 
 No special requirements or precautions applicable 
 
15. Regulatory information 
 Feed legislation :  Complies with the Feeding Stuffs Regulations 2000 and Amendments 
 
16. Other information 
Symbol(s) :  None 
R and or S phrases                                            :   None 
     
 
The contents and format of this MSDS are in accordance with EC Commission Directive 91/155/EC, as amended by 
Directive 93/112/EC. 
 
 
DISCLAIMER OF LIABILITY 
 
The information in this MSDS was obtained from sources which we believe to be reliable.  However, the information is 
provided without any warranty, express or implied, regarding its correctness.  The conditions or methods of handling, 
storage, use or disposal of the product are beyond our control and may be beyond our knowledge.  For this, and other 
reasons, we do not assume responsibility and expressly disclaim liability for loss, damage or expense arising out of or 
in any way connected with the handling, storage, use or disposal of the product. 
 
This MSDS was prepared and is to be used only for this product.  If the product is used as a component in another 
product, this MSDS information may not be applicable. 
 
 

End of document 





Organic Amendment Based on Fresh and Composted Beet Vinasse: Influence on Soil
Properties and Wheat Yield

M. Tejada,* C. Garcia, J. L. Gonzalez, and M. T. Hernandez

ABSTRACT
Industry byproducts present an alternative to inorganic fertilizer

use. Fresh and composted organic wastes (non-depotassified beet
[Beta vulgaris L. subsp. Vulgaris] vinasse [BV]compost, BV, and a
cotton gin crushed compost [CGCC], which was also included as
structural agent in the first compost) were applied for 4 yr to a Typic
Xerofluvent in dryland conditions near Sevilla (Guadalquivir Valley,
Andalusia, Spain). The effect on the soil’s physical properties, soil
microbial biomass, and five soil enzymatic activities (dehydrogenase
activity, protease activity, b-glucosidase activity, arylsulfatase activity,
and phosphatase activity) and the yield parameters of wheat (Triticum
aestivum cv. Cajeme) were determined. Organic wastes were applied
at 5, 7.5, and 10 Mg organic matter ha21 rates, respectively. The ap-
plication of fresh BV had a detrimental impact on the soil’s physical
(structural stability, bulk density), chemical (exchangeable sodium
percentage), and biological (microbial biomass, soil respiration, and
enzymatic activities) properties and the wheat yield parameters, prob-
ably because high quantities of monovalent cations, such as Na, and
fulvic acids were introduced into the soil by the vinasse, thus desta-
bilizing its structure. However when non-depotassified BV was co-
composted with a CGCC, the resulting compost had a positive effect
on the physical, chemical, and biological properties of the soil. The
application of fresh BV resulted in a significant decrease in wheat yield
(30% after 4 yr when compared with composted BV.

IN THE LAST DECADE the application of wastes with a
high organic matter content, such as animal manure

(Haynes and Naidu, 1998), sewage sludge (Fließbach
et al., 1994; Albiach et al., 2001), city refuse (Giusquiani
et al., 1995; Eriksen et al., 1999), compost (Sikora and
Enkiri, 1999; Tejada and Gonzalez, 2003a), crop resi-
dues (De Neve and Hofman, 2000; Trinsoutrot et al.,
2000), and industrial byproducts (Madejon et al., 2001;
Tejada and Gonzalez, 2003b, 2004), to soil has been
performed in an effort to reclaim degraded soils, supply
plant nutrients at a reduced cost and to maintain soil or-
ganic matter levels.
Organic byproducts originating from industrial pro-

cesses represent an important source of nutrients, espe-
cially for organic farming. In this respect, BV, a final
byproduct of the sugar industry, is a product of great

agricultural interest, because of its organic matter con-
tent, N and K concentrations (Madejon et al., 2001).
Sugar beet is processed to produce crystalline sugar,
pulp and molasses, the last being fermented to produce
alcohol. After removal of the alcohol by distillation the
remaining material is known as vinasse. In SW Spain,
the annual production is about 5 3 103 Mg (Madejon
et al., 2001).

Despite the nutrients contained in the vinasse, under
dryland conditions this byproduct may negatively affect
soil structure, nutrient uptake, and crop yield and qual-
ity (Alba, 2001; Tejada and Gonzalez, 2005), although
other studies have indicated that such negative effects
are not observed with irrigated maize (Tejada and
Gonzalez, 2001). Some authors have suggested that the
problems associated with fresh residues (such as BV)
may be overcome by co-composting with solid agricul-
tural wastes (Madejon et al., 1996; Madejon et al., 2001).

The objective of this field study was to evaluate the
effects of using fresh non-depotassified BV, CGCC, and
BV compost (using CGCC as a bulking agent), as soil
amendments at different rates on some physical and
chemical soil properties, soil microbial activity, and the
yield of wheat grown in a semiarid Mediterranean
agro-ecosystem.

MATERIALS AND METHODS

Site and Properties of the Organic Wastes

The study was conducted from October 1999 to October
2003 near Sevilla (Guadalquivir Valley, Andalusia, Spain) on a
Typic Xerofluvent with a 2% slope. The general properties of
this soil (0–25 cm) are shown in Table 1.

The organic wastes applied were: fresh non-depotassified
BV, a CGCC, and a compost obtained by mixing of CGCC and
BV (CV) at a 1:1 rate (weight/weight).

The CV compost was obtained by submitting the CGCC-
BV mixture to an aerobic digestion in heaps of approximately
2 by 1 by 0.5 m3, turning at intervals and controlling the tem-
perature to be never above 60 to 658C and the moisture (not
lower than 40%) controlled by adding water when necessary.
The temperature of 60 to 658C was not exceeded to prevent
possible alterations in the microflora and losses of NH4

1–N.
The composting process was allowed to progress for 157 d,
when the C/N ratio and the temperature had become constant.

The general properties of the organic wastes used are shown
in Table 2. Organic matter content was determined by dry
combustion method (MAPA, 1986). To determine humic and
fulvic acids-C, BV were extracted with 0.1 M sodium pyro-
phosphate and 0.1 sodium hydroxide. The supernatant, was
acidified to pH 2 with HCl and allowed to stand for 24 h at
room temperature. To separate humic acids from fulvic acids,
the solution was centrifuged and the precipitate containing

M. Tejada, Departamento de Cristalografı́a, Mineralogı́a y Quı́mica
Agrı́cola, E.U.I.T.A. Universidad de Sevilla, Crta de Utrera km. 1,
41013 Sevilla, Spain; C. Garcia and M.T. Hernandez, Departamento
de Conservación de Suelos y Agua y Manejo de Residuos Orgánicos,
Centro de Edafologı́a y Biologı́a Aplicada del Segura, CEBAS-CSIC,
P.O. Box 4195, 30080 Murcia, Spain; J.L. Gonzalez, Departamento de
Quı́mica Agrı́cola y Edafologı́a, Universidad de Córdoba, Campus de
Rabanales, Edificio C-3, Crta N-IV-a, km. 396, 14014 Córdoba, Spain.
Received 17 Aug. 2005. *Corresponding author (mtmoral@us.es).

Published in Soil Sci. Soc. Am. J. 70:900–908 (2006).
Soil Biology & Biochemistry
doi:10.2136/sssaj2005.0271
ª Soil Science Society of America
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humic acids was dissolved with sodium hydroxide (Yeomans
and Bremner, 1988). The C content of humic acid and fulvic
acids was determined by the method of Sims and Haby (1971).
For BV, inorganic soluble P (PO4H2

2 principally) were deter-
mined by Willians and Stewart method, described by Guitian
and Carballas (1976). For CGCC and CV, inorganic soluble P
were determined by Willians and Stewart method, described
by Guitian and Carballas (1976) after nitric and perchloric acid
digestion. For BV, K and Na were determined by atomic

emission spectrometer, and Ca, Mg, Fe, Cu, Mn, Zn, Cd, Ni,
Cr, and Hg were determined by atomic absorption spectrom-
eter. For CGCC and CV, Ca, Mg, Fe, Cu, Mn, Zn, Cd, Pb, Ni,
Cr and Hg were determined by atomic absorption spectrom-
eter after nitric and perchloric acid digestion. Potassium and
Na were determined by atomic emission spectrometer after
nitric and perchloric acid digestion.

Experimental Layout and Treatments

The experimental layout was a randomized complete block
design with 10 treatments and 3 replicates per treatment. The
plot size was 7 by 6 m. The treatments were the following: (1)
nonfertilized control plot; (2, 3, and 4) fertilized with 14.04 Mg
ha21 of CGCC (5 Mg organic matter ha21, fresh matter),
21.06 Mg ha21 of CGCC (7.5 Mg organic matter ha21, fresh
matter), 28.08 Mg ha21 of CGCC (10 Mg organic matter ha21,
fresh matter); (5, 6, and 7) fertilized with 12.56 Mg ha21 of BV
(5 Mg kg organic matter ha21, fresh matter, 10 050 L ha21),
18.84 Mg ha21 of BV (7.5 Mg organic matter ha21, fresh
matter, 15075 L ha21), and 25.12 Mg ha21 of BV (10 Mg kg
organic matter ha21, fresh matter, 20 100 L ha21); (8, 9, and 10)
fertilized with 9.11 Mg ha21 of CV (5 Mg organic matter ha21,
fresh matter), 13.66 Mg ha21 of CV (7.5 Mg organic matter
ha21, fresh matter), and 18.21 Mg ha21 of CV (10 Mg organic
matter ha21, fresh matter).

Table 1. Main soil characteristics (data are the means of five
samples).

pH Determined in distilled water
with a glass electrode
(soil/H2O ratio 1:1).

7.6

Clay, g kg21 Determined by Robinson’s
pipette method (Soil Survey
of England and Wales, 1982).

180

Silt, g kg21 Determined by Robinson’s
pipette method (Soil Survey
of England and Wales, 1982).

131

Sand, g kg21 689
Instability index,
log 10Is

Determined by the Hénin and
Monnier method (1956) and
classified by Baize’s criteria
(Baize, 1988).

1.38 (Slightly
stable)

Bulk density,
Mg m23

Determined by MAPA
methods (1986).

1.48

Total N, g kg21 Determined by Kjeldahl
method (MAPA, 1986).

0.8

Total C, g kg21 Determined by Sims and Haby
(1971) method.

9.7

Cation exchange
capacity,
cmolc kg

21

Determined with 1 M
ammonium chloride solution
in ethanol/water (60:40 v/v)
at pH 8.2 (Tucker, 1954).

6.92

Exchangeable
Na, cmolc kg

21
Determined with 1 M ammonium
acetate at pH 7 (Richards, 1954).

0.16

ESP 2.3
SMB, Biomass-C
(mg C g21 dry soil)

Soil microbial biomass,
determined by the method
of Vance et al. (1987).

146

Dehydrogenase
activity, mg INTF
g21 h21

Determined by the method of
Garcia et al. (1993).

8.6

BBA protease
activity, mmol NH4
g21 h21

Determined by the method of
Nannipieri et al. (1980).

0.11

b-glucosidase activity,
mmol PNP g21 h21

Determined by the method of
Tabatabai (1982).

0.8

Arylsulfatase activity,
mg PNF g21 h21

Determined by the method of
Tabatabai and Bremner
(1970).

8.3

Phosphatase activity,
mmol PNP g21 h21

Determined by the method of
Nannipieri et al. (1980).

20

INTF: 2-p-iodo-3-nitrophenyl;
PNF: p-nitrophenyl; PNP:
p-nitrophenol.

Table 2. Characteristics of organic wastes used and standard de-
viation in parenthesis (data are the means of five samples).

CGCC BV CV

pH(H2O) 7.0 (0.2) 4.9 (0.1) 8.6 (0.2)
Density, Mg m23 1.25 ()
Organic matter,

g kg21
356 (21) 398 (18) 549 (24)

Humic acid-C,
g kg21

89.8 (2.9) 0.64 (0.17) 51.8 (3.1)

Fulvic acid-C,
g kg21

0.96 (0.19) 81.0 (5.6) 56.2 (4.8)

Total N, g kg21 13.2 (1.2) 32.5 (2.4) 39.7 (2.5)
P, g kg21 6.3 (0.7) 0.3 (0.1) 5.9 (0.8)
Ca, mg kg21 275 (22) 39 (7) 286 (19)
Mg, mg kg21 30 (7) 15 (3) 39 (5)
Na, g kg21 ,0.1 (,0.01) 21 (4) 11 (3)
K, g kg21 54 (8) 126 (11) 90 (12)
Fe, mg kg21 3.9 (0.6) 226 (15) 167 (23)
Cu, mg kg21 0.1 (0.02) 2.1 (0.6) 1.6 (0.3)
Mn, mg kg21 0.6 (0.08) 3.4 (0.7) 2.8 (0.4)
Zn, mg kg21 0.5 (0.09) 12 (1) 8.9 (0.8)
Cd, mg kg21

,0.1 (,0.01) ,0.1 (,0.01) ,0.1 (,0.01)
Pb, mg kg21

,0.1 (,0.01) ,0.1 (,0.01) ,0.1 (,0.01)
Ni, mg kg21

,0.1 (,0.01) ,0.1 (,0.01) ,0.1 (,0.01)
Cr, mg kg21

,0.01 (,0.001) ,0.01 (,0.001) ,0.01 (,0.001)
Hg, mg kg21

,0.001 (,0.0001) ,0.001 (,0.0001) ,0.001 (,0.0001)

Table 3. Instability index (log 10 Is) in soils amended with of organic wastes.

Treatments† 2000 2001 2002 2003

Mg ha21 OM 20 Apr. 15 Oct. 18 Apr. 16 Oct. 20 Apr. 14 Oct. 21 Apr. 15 Oct.
(1) Control soil 1.38a‡ 1.37a 1.37a 1.37a 1.36a 1.37a 1.36a 1.36a
(2) 5 Mg CGCC 1.36a 1.35a 1.33a 1.32a 1.30a 1.29a 1.27a 1.26a
(3) 7.5 Mg CGCC 1.35a 1.33a 1.30a 1.28a 1.25a 1.23a 1.20a 1.18a
(4) 10 Mg CGCC 1.33a 1.30a 1.27a 1.25a 1.22a 1.20a 1.18a 1.15a
(5) 5 Mg BV 1.38a 1.37a 1.37a 1.36a 1.35a 1.33a 1.32a 1.32a
(6) 7.5 Mg BV 1.39a 1.40ab 1.43ab 1.45ab 1.49ab 1.51ab 1.55ab 1.58ab
(7) 10 Mg BV 1.41ab 1.44ab 1.48ab 1.51ab 1.55ab 1.60ab 1.69ab 1.73b
(8) 5 Mg CV 1.37a 1.36a 1.34a 1.32a 1.31a 1.29a 1.28a 1.27a
(9) 7.5 Mg CV 1.36a 1.34a 1.32a 1.29a 1.27a 1.25a 1.21a 1.19a
(10) 10 Mg CV 1.35a 1.32a 1.29a 1.26a 1.24a 1.21a 1.19a 1.17a

‡Different letters following the figures indicate a significant difference at P , 0.05.
†OM: Organic matter; CGCC: cotton gin crushed compost; BV: beet vinasse; CV: beet vinasse compost. Soil structural stability classification according to
Baize criteria (1998): very stable, log 10 Is , 1.00; stable, log 10 Is 5 1.00–1.30; slightly stable, log 10 Is 5 1.30–1.70; unstable, log 10 Is 5 1.70–2.00; very
unstable, log 10 Is . 2.00.
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Beet Vinasse was mixed with 2000 L ha21 of water with the
objective to decrease the density of the byproduct and to fa-
cilitate their handling in field. The organic wastes were surface
applied on 15 Oct. 1999, 16 Oct. 2000, 17 Oct. 2001, and 15 Oct.
2002, respectively. The plots received surface broadcasted
NH4NO3 fertilizer on 13 Oct. 1999, 14 Oct. 2000, 15 Oct. 2001,
and 13 Oct. 2002, respectively. Organic wastes and NH4NO3

fertilizer were incorporated to a 25-cm depth by chisel plowing
and disking the day after application.

Wheat was seeded at a rate of 150 kg ha21, which is the
common practice in the area. The sowing dates were 7 Nov.
1999, 10Nov. 2000, 10Nov. 2001, and 11Nov. 2002, respectively.

Soil Sampling and Analytical Determinations

Soil samples (0–25 cm) were collected from each plot over a
period of 4 yr (2000–2003) with a gauge auger (30-mm diam.)
(20 Apr. 2000, 15 Oct. 2000, 18 Apr. 2001, 16 Oct. 2001, 20
Apr. 2002, 14 Oct. 2002, 21 Apr. 2003 and 15 Oct. 2003).

After air drying, the soil samples were ground to pass a
2-mm sieve and stored in sealed polyethylene bags at 48C un-
til analysis.

Soil structural stability was determined by the Hénin and
Monnier method (1956) and classified according to Baize cri-
teria (1998). The aggregate-size fraction, 2 mmwas used. The
proportions (%, w/w) of stable Ag, Aga and Agb aggregates
(corresponding to untreated, alcohol-treated, and benzene-
treated aggregates, respectively) were calculated, and the in-
stability index, Is, was obtained using the equation:

Is 5
(% , 20mm) max

Ag 1 Aga 1 Agb
3

2 0:9(%CS)

where (% , 20 mm) max indicates the largest proportion of
suspended particles, 20 mm determined for the three samples

treatments, and % CS is the largest proportion of coarse sand
(the 0.2–2 mm fraction) forming part of the stable aggregates.

Soil bulk density was determined using the core method.
Metal cores of 6.1-cm length and 7.6-cm diam. were used to
collect soil-core samples at 6.1-cm depth. The soil was weighed
and dried at 1058C for 48 h before determining bulk density
as the ratio between soil dry weight and the ring volume, ac-
cording to the official methods of the Spanish Ministry of Ag-
riculture (MAPA, 1986).

The exchangeable sodium percentage (ESP) was also deter-
mined, using the formula:

ESP 5 100 3
Nax
CEC

� �

where Nax is the exchangeable sodium (cmol kg21) and CEC
is the cation exchange capacity of the soil (cmol kg21). Ex-
changeable sodium (Nax) was determined with 1 M ammo-
nium acetate at pH 7 (Richards, 1954) and the cation exchange
capacity was determined with 1 M ammonium chloride solu-
tion in ethanol/water (60:40 v/v) at pH 8.2 (Tucker, 1954). Ex-
tracted Na was determined by flame photometry.

Soil microbial biomass was determined using the CHCl3
fumigation-extraction method (Vance et al., 1987). Samples of
moist soil (10 g) were used, and K2SO4–extractable C was de-
termined using dichromate digestion. Microbial biomass-C
was calculated (Vance et al., 1987) using the equation: biomass
C 5 2.64EC, where EC 5 (organic-C in K2SO4 from fumigated
soil) 2 (organic-C in K2SO4 from nonfumigated soil).

The levels of five enzymatic activities in the soil were mea-
sured: (1) dehydrogenase activity was measured by reduction
of 2-p-iodo-3-nitrophenyl 5-phenyl tetrazolium chloride to
iodonitrophenylformazan (Garcia et al., 1993), (2) protease
activity (BBA protease) was measured using N-a-benzoyl-L-
argininamide as substrate (Nannipieri et al., 1980), (3) b-
glucosidase activity using p-nitrophenyl- b-D-glucopyranoside

Table 4. Bulk density (Mg m23) in soils amended with organic wastes.

Treatments† 2000 2001 2002 2003

Mg ha21 OM 20 Apr. 15 Oct. 18 Apr. 16 Oct. 20 Apr. 14 Oct. 21 Apr. 15 Oct.
(1) Control soil 1.48ab‡ 1.49ab 1.48ab 1.48ab 1.46ab 1.47ab 1.47ab 1.46ab
(2) 5 Mg CGCC 1.47ab 1.46ab 1.44a 1.43a 1.41a 1.40a 1.38a 1.37a
(3) 7.5 Mg CGCC 1.47ab 1.45a 1.43a 1.41a 1.38a 1.36a 1.31a 1.27a
(4) 10 Mg CGCC 1.46ab 1.43a 1.40a 1.38a 1.35a 1.32a 1.28a 1.17a
(5) 5 Mg BV 1.48ab 1.48ab 1.49ab 1.50ab 1.50ab 1.52ab 1.53ab 1.55ab
(6) 7.5 Mg BV 1.49ab 1.50ab 1.53ab 1.55ab 1.59ab 1.62ab 1.66ab 1.68ab
(7) 10 Mg BV 1.50ab 1.53ab 1.57ab 1.59ab 1.63ab 1.65ab 1.69ab 1.71b
(8) 5 Mg CV 1.47ab 1.47ab 1.45a 1.44a 1.42a 1.42a 1.39a 1.38a
(9) 7.5 Mg CV 1.46ab 1.46ab 1.44a 1.42a 1.39a 1.36a 1.33a 1.28a
(10) 10 Mg CV 1.46ab 1.44a 1.41a 1.39a 1.37a 1.33a 1.29a 1.20a

†OM: Organic matter; CGCC: cotton gin crushed compost; BV: beet vinasse; CV: beet vinasse compost.
‡ Different letters following the figures indicate a significant difference at P , 0.05.

Table 5. Exchangeable sodium percentage (ESP) in soils amended with organic wastes.

Treatments† 2000 2001 2002 2003

Mg ha21 OM 20 Apr. 15 Oct. 18 Apr. 16 Oct. 20 Apr. 14 Oct. 21 Apr. 15 Oct.
(1) Control soil 2.3a‡ 2.3a 2.2a 2.3a 2.3a 2.4a 2.4a 2.3a
(2) 5 Mg CGCC 2.6a 2.6a 2.5a 2.6a 2.7a 2.7a 2.7a 2.8a
(3) 7.5 Mg CGCC 2.9a 2.9a 3.0a 2.9a 3.0a 3.1a 3.1a 3.2a
(4) 10 Mg CGCC 3.1a 3.1a 3.2a 3.1a 3.0a 3.2a 3.3a 3.2a
(5) 5 Mg BV 6.7b 6.9b 7.5b 7.8b 8.2b 8.5bc 8.9bc 9.2bc
(6) 7.5 Mg BV 7.2b 7.9b 8.7bc 9.8bc 10.7bc 11.4c 12.2c 13.6c
(7) 10 Mg BV 7.6b 8.1b 9.4bc 10.5bc 11.3c 12.6c 13.7c 15.1c
(8) 5 Mg CV 2.5a 2.4a 2.4a 2.4a 2.5a 2.6a 2.6a 2.7a
(9) 7.5 Mg CV 2.7a 2.8a 2.8a 2.8a 2.9a 2.9a 3.0a 3.0a
(10) 10 Mg CV 3.0a 2.9a 3.0a 3.0a 3.1a 3.1a 3.1a 3.2a

†OM: Organic matter; CGCC: cotton gin crushed compost; BV: beet vinasse; CV: beet vinasse compost.
‡Different letters following the figures indicate a significant difference at P , 0.05.
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as substrate (Tabatabai, 1982), (4) arylsulfatase activity using
p-nitrophenylsulphate as substrate (Tabatabai and Bremner,
1970), and (5) phosphatase activity using p-nitrophenyl phos-
phate disodium as substrate (Nannipieri et al., 1980).

In the laboratory, and in the samples at the end of the ex-
periment (2003 season), soil respiration for all treatments was
measured by incubation for 0, 3, 7, 15, 30, 45, 60, 90, and 120 d.
Total C-CO2 collected in the NaOH flasks was determined
by the addition of an excess of 1.5 M BaCl2 followed by titra-
tion with standardized HCl using a phenolphthalein indicator
(Zibilske, 1994).

Crop Yield Parameters

The number of spikes m22, number of grains spike21 and
crop yield (kg ha21) were determined on samples collected
from each plot on 14 June 2000, 13 June 2001, 10 June 2002,
and 11 June 2003, respectively.

Statistical Analysis

Analysis of variance (ANOVA) was performed using the
Statgraphics v. 5.0 software package (Statistical Graphics Cor-
poration, 1991). The means were separated by Tukey’s test,
considering a significance level ofP, 0.05 throughout the study.

RESULTS
Structural Stability, Bulk Density, and Exchangable

Sodium Percentage in Soils
Structural stability increased in soils amended with

CGCC and CV but decreased in soils amended with
high rates, Treatments 6 and 7, of BV (Table 3). Soil
bulk density decreased in CGCC and CVamended soils
during the experimental period but increased in BV
amended soils (Table 4). Statistical analysis showed dif-
ferences between the treatments at the end of experimen-
tal period, principally for Treatment 7. The soil without
organic amendment (control soil) showed higher struc-
tural stability than the soil amended with fresh BV, but
lower than the soil with CV.
Because the same amount of organic matter was

added to the soils, the variability in the results obtained
in the soil structural stability and soil bulk density must
have been due to the different chemical nature of the
various organic wastes added to the soil (Table 2).
Exchangeable sodium percentage increased signifi-

cantly in BV-amended soils when compared with the
CGCC and CV amended soils during the experimental

period (Table 5). For CGCC and CV amended soils,
ESP did not reach the critical sodicity value of around
15 mentioned by Richards (1954). However, for BV
amended soils ESP had reached critical sodicity values
(ESP5 15.1) at the end of the experimental period. The
control soil presented the lowest ESP value of all
treatments assayed.

Soil Microbial Properties
Tables 6 and 7 show microbial biomass and cumula-

tive C-CO2 values determined in the soil during the ex-
perimental period. At first sight, the results for microbial
biomass and cumulative C-CO2 respiration rates values
(Tables 6 and 7) seem contradictory since the data for
these parameters differ substantially for the same rate of
organic matter applied to the soil. The soil microbial bio-
mass and soil respiration values for CGCC and CV
amended soils were similar between treatments, and dif-
ferent from the values obtained for the BVamended soils,
both parameters increasing in the first two cases and
decreasing in the third. For all organic treatments, Treat-
ment 7 (BV, high dose) presented the lowest values and
Treatments 4 and 10 (CGCC and CV, high dose) the
highest values, at the end of experimental period. The
control soil showed similar values to theBV-amended soil.

The highest enzymatic activities values were observed
for CGCC amended soils, followed by CV and BV
amended soils, respectively, all at the end of experimen-
tal period (Tables 8–12).

Table 6. Microbial biomass C (mg C g21 dry soil) in soils amended with organic wastes.

Treatments† 2000 2001 2002 2003

Mg ha21 OM 20 Apr. 15 Oct. 18 Apr. 16 Oct. 20 Apr. 14 Oct. 21 Apr. 15 Oct.
(1) Control soil 142ab‡ 125ab 133ab 116a 125a 110a 115a 119a
(2) 5 Mg CGCC 161ab 193ab 227ab 259ab 295b 319b 376b 406b
(3) 7.5 Mg CGCC 208ab 249ab 274b 305b 349b 381b 444b 493bc
(4) 10 Mg CGCC 237ab 288b 318b 355b 408b 458b 496bc 563bc
(5) 5 Mg BV 146ab 137ab 125a 110a 91a 80a 70a 59a
(6) 7.5 Mg BV 139ab 126a 109a 92a 80a 67a 59a 50a
(7) 10 Mg BV 127ab 110a 98a 86a 69a 57a 51a 48a
(8) 5 Mg CV 158ab 188ab 215ab 240ab 288b 307b 355b 397b
(9) 7.5 Mg CV 198ab 235ab 266b 297b 330b 366b 431b 466bc
(10) 10 Mg CV 221ab 270b 304b 339b 389b 437b 477bc 527bc

†OM: Organic matter; CGCC: cotton gin crushed compost; BV: beet vinasse; CV: beet vinasse compost.
‡Different letters following the figures indicate a significant difference at P , 0.05.

Table 7. Cumulative C-CO2 (mg kg soil21) during incubation in
soils amended with organic wastes.

Treatments† Incubation days

Mg ha21 OM 0 3 7 15 30 45 60 90 120
(1) Control soil 0 151 397 463 641 703 762 824 861a‡
(2) 5 Mg CGCC 0 238 562 931 1182 1463 1602 1798 1995b
(3) 7.5 Mg CGCC 0 269 601 1106 1304 1586 1726 1894 2089b
(4) 10 Mg CGCC 0 287 684 1221 1415 1724 1910 2101 2306b
(5) 5 Mg BV 0 192 493 598 726 834 896 925 986a
(6) 7.5 Mg BV 0 177 421 501 686 712 783 811 864a
(7) 10 Mg BV 0 146 399 446 600 659 710 782 802a
(8) 5 Mg CV 0 219 529 889 1097 1375 1577 1687 1886b
(9) 7.5 Mg CV 0 244 588 1006 1268 1499 1668 1793 1948b
(10) 10 Mg CV 0 276 661 1155 1387 1679 1877 2003 2201b

†OM: Organic matter; CGCC: cotton gin crushed compost; BV: beet
vinasse; CV: beet vinasse compost.

‡Different letters following the figures indicate a significant difference
at P , 0.05.
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Crop Yield Parameters
The yield characteristics and yield parameters in-

creased with increasing quantities of CGCC and CV
applied to soil (Table 13). However, when BV was ap-
plied to the soil, the yield characteristics and yield pa-
rameters decreased during the experimental period. For
example, there was a significant decrease in the number
of grains spike21 (11% for the first experimental season,
18% for the second, 24% for the third, and 29% for the
fourth experimental season compared with the values
obtained with CV). Similarly, the application of BV led
to a significant decrease in the number spikes m22 (2.3%
for the first experimental season, 3.8% for the second,
5.6% for the third, and 8.1% for the fourth experimental
season, again compared with CV). Lastly, there was a
significant decrease in wheat yield of 9% for the first
experimental season, 15% for the second, 20% for the
third, and 30% for the fourth experimental season with
respect to the yield obtained with CV.
These results broadly reflect the results obtained for

soil structural stability, bulk density, microbial biomass,
and enzymatic activities. The yield characteristics and
yield parameters were lower in Treatment 4 (BV, low
dose) than in Treatment 1 (control soil). The statistical
analysis indicated substantial differences for all param-
eters at each data and treatment.

DISCUSSION
Physical and Chemical Properties

The results obtained for CGCC and CV-amended
soils (in which the organic matter increased the soil

structural stability, especially at high organic waste rates
and at the end of the experimental period) are similar
to those of Chenu et al. (2000), Puget et al. (2000), and
Tejada and Gonzalez (2003b, 2004) who found that a
good soil structure depended on the content and nature
of the organic matter added. Organic matter promotes
flocculation of clay minerals, which is an essential con-
dition for the aggregation of soil particles. In addition,
bulk density is decreased as a result of the dilution of the
denser soil mineral fraction and soil aeration increases
because of the increase in soil porosity accompanying
structural stability. This increase was especially evident
for the high rates of CGCC and CV and at the end of
the experimental period and was similar to the results
of Kay and VandenBygaart (2002) and Tejada and
Gonzalez (2003b, 2004).

The negative effect of vinasse on the soil structure
may be due to its nature, since BV contains a high con-
centration of Na1 and fulvic acids (Tejada and Gonzalez,
2005). This interpretation would agree with Haynes and
Naidu (1998) and Grahan et al. (2002), who also found
that adding large quantities of organic manures to soils
destroyed the soil structure presumably because of the
high amounts of Na1 transported into the soil.
Furthermore, ESP increased during the experimental
period at the highest BV doses. According to Mamedov
et al. (2002), this increase points to dispersibility and
aggregate disintegration in these soils.

It is well known that the less oxidized, higher molec-
ular weight humic matter is more important in the pro-
cess of aggregate stabilization than the more oxidized
humic substances of lower molecular weight. Chaney
and Swift (1984) and Piccolo and Mbagwu (1990) sug-

Table 8. Dehydrogenase activity (mg INTF g21 h21; INTF, 2-p-iodo-3-nitrophenyl) in soils amended with organic wastes.

Treatments† 2000 2001 2002 2003

Mg ha21 OM 20 Apr. 15 Oct. 18 Apr. 16 Oct. 20 Apr. 14 Oct. 21 Apr. 15 Oct.
(1) Control soil 8.1a‡ 7.4a 6.5a 5.8a 4.9a 4.4a 4.1a 3.8a
(2) 5 Mg CGCC 33ab 59ab 76b 91b 122b 140bc 167bc 183bc
(3) 7.5 Mg CGCC 48ab 68b 89b 109b 139bc 161bc 178bc 193c
(4) 10 Mg CGCC 59ab 77b 100b 121b 146bc 179bc 199c 208c
(5) 5 Mg BV 27ab 21a 17a 14a 12a 10a 8.9a 8.0a
(6) 7.5 Mg BV 23ab 15a 8.5a 6.7a 5.2a 4.6a 4.0a 3.4a
(7) 10 Mg BV 16a 8.4a 6.7a 5.9a 4.8a 4.0a 3.7a 3.0a
(8) 5 Mg CV 29ab 48ab 68b 82b 109b 125bc 150bc 174bc
(9) 7.5 Mg CV 40ab 59ab 75b 93b 121b 149bc 161bc 188bc
(10) 10 Mg CV 49ab 68b 80b 106b 130bc 160bc 189c 197c

†OM: Organic matter; CGCC: cotton gin crushed compost; BV: beet vinasse; CV: beet vinasse compost.
‡Different letters following the figures indicate a significant difference at P , 0.05.

Table 9. BBA protease activity (mg NH4 g
21 h21) in soils amended with organic wastes.

Treatments† 2000 2001 2002 2003

Mg ha21 OM 20 Apr. 15 Oct. 18 Apr. 16 Oct. 20 Apr. 14 Oct. 21 Apr. 15 Oct.
(1) Control soil 0.11a‡ 0.93a 0.91a 0.86a 0.82a 0.78a 0.75a 0.71a
(2) 5 Mg CGCC 59.3b 68.9b 75.7b 84.8b 96.8b 109.7bc 122.7bc 139.4bc
(3) 7.5 Mg CGCC 65.1b 74.0b 82.9b 89.3b 106.9bc 119.3bc 136.8bc 145.3c
(4) 10 Mg CGCC 71.7b 79.4b 88.6b 95.9b 119.5bc 132.2bc 144.1bc 151.2c
(5) 5 Mg BV 45.8ab 39.9ab 32.7ab 27.3ab 22.3ab 20.1ab 18.2ab 16.3ab
(6) 7.5 Mg BV 39.9ab 30.8ab 25.9ab 19.2ab 16.0ab 13.8a 10.1a 8.0a
(7) 10 Mg BV 31.6ab 26.6ab 18.4ab 14.0a 10.4a 8.1a 6.4a 4.0a
(8) 5 Mg CV 54.2ab 66.1b 70.6b 80.6b 90.4b 99.2bc 111.2bc 124.2b
(9) 7.5 Mg CV 60.3b 70.9b 78.8b 83.2b 97.8bc 106.9bc 120.6bc 138.6bc
(10) 10 Mg CV 68.5b 80.6b 85.3b 92.2b 106.1bc 120.8bc 131.1bc 142.0c

†OM: Organic matter; CGCC: cotton gin crushed compost; BV: beet vinasse; CV: beet vinasse compost.
‡Different letters following the figures indicate a significant difference at P , 0.05.
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gested that the aggregate stability is significantly cor-
related with humic but not fulvic acid concentration,
because the humic acids are directly involved in the clay-
organic complex formation, whereas fulvic acids are not.
Beet vinasse is a byproduct that has a low humic acid-C
content and high fulvic acid-C concentrations. Fulvic
acids are macromolecules with a lower polymeriza-
tion index than humic acids. Hence, the applied organic
matter may not have flocculated with clay minerals
(essential condition for the aggregation of soil particles),
for which reason thus aggregates formed under this
treatment may not have been stable (Piccolo and
Mbagwu, 1990; Porta et al., 1994). We assume that with
the high doses of vinasse, not only the monovalent cat-
ions but also the fulvic acids were responsible for the
degradation of the soil structure.

Microbial Activity in Amendment Soil
The supply of readily metabolizable C in the organic

byproduct is likely to have been the most influential
factor contributing to the biomass-C increases. In this
respect and according to De Neve and Hofman (2000),
Trinsoutrot et al. (2000), and Tejada and Gonzalez
(2003a, 2003b, 2004), soil microbial biomass responds
rapidly, in terms of activity, to additions of readily avail-
able C.
Our results indicated that an increase in soil microbial

biomass lowered the soil instability index (log 10Is).
Several studies have reported that soil microbial pro-
cesses are directly and indirectly influenced by soil
structure. The presence of small pores reduces accessi-

bility of organic materials to decomposers, causing the
physical protection of C and a reduction in N miner-
alization (Van Veen and Kuikman, 1990). The spatial
distribution of microbes and soil mesofauna has been
shown to be partially associated with the size distribu-
tion of aggregates (Jastrow and Miller, 1991).

Soil enzymes are biological catalysts of specific reac-
tions and these reactions, in turn, depend on a variety of
factors (Burns, 1978), such as the presence or absence of
inhibitors, type of amendment, crop type, etc. Soil en-
zymes are good markers of soil fertility since they are
involved in the cycling of the most important nutrients.
The incorporation of organic amendments to soil influ-
ences soil enzymatic activities because the added mate-
rial may contain intra- and extracellular enzymes and
may also stimulate microbial activity in the soil (Goyal
et al., 1993; Pascual et al., 1998). The development of
microbial populations, which is favored by the root exu-
dates of plants, may also be responsible for the dehydro-
genase activity stimulation. The greater dehydrogenase
activity noted at the high dosage suggests that the added
compost did not include compounds which were toxic
for this activity (Pascual et al., 1998). During each ex-
perimental season, dehydrogenase activity decreased.
This may be due to microbial death because substrates
were no longer available to sustain microbial biomass or
to the fact that intracellular enzyme complexes were
degraded by the microorganisms inhabiting amended
soils (Pascual et al., 1998).

It is clear that N cycle functioning was improved in the
soils treated with both composts assayed (CGCC and
CV). The stimulation of protease activity BAA related

Table 10. b-glucosidase activity (mmol PNP g21 h21; PNP, p-nitrophenol) in soils amended with organic wastes.

Treatments† 2000 2001 2002 2003

Mg ha21 OM 20 Apr. 15 Oct. 18 Apr. 16 Oct. 20 Apr. 14 Oct. 21 Apr. 15 Oct.
(1) Control soil 0.8a‡ 0.7a 0.7a 0.6a 0.6a 0.5a 0.5a 0.5a
(2) 5 Mg CGCC 19.2ab 17.3ab 34.4ab 31.8ab 59.6b 50.1ab 84.3b 71.1b
(3) 7.5 Mg CGCC 37.6ab 31.9ab 50.8ab 47.3ab 74.3b 68.3b 109.3bc 93.7b
(4) 10 Mg CGCC 39.6ab 34.3ab 64.5b 59.2b 89.1b 79.6b 120.2bc 118.2bc
(5) 5 Mg BV 17.6ab 16.4a 17.0ab 10.5a 9.1a 5.9a 4.8a 2.9a
(6) 7.5 Mg BV 13.0a 8.6a 10.6a 6.7a 8.9a 4.6a 3.7a 1.9a
(7) 10 Mg BV 11.4a 8.3a 9.3a 8.4a 8.6a 4.8a 3.2a 1.1a
(8) 5 Mg CV 27.3ab 20.8ab 30.9ab 28.2ab 50.6b 44.2b 87.7b 71.6b
(9) 7.5 Mg CV 30.4ab 24.2ab 45.0ab 39.1ab 67.4b 57.5b 102.2bc 90.8b
(10) 10 Mg CV 35.2ab 29.1ab 59.1b 45.8ab 79.9b 61.3b 115.0bc 102.1bc

†OM: Organic matter; CGCC: cotton gin crushed compost; BV: beet vinasse; CV: beet vinasse compost.
‡Different letters following the figures indicate a significant difference at P , 0.05.

Table 11. Arylsulfatase activity (mmol PNP g21 h21) in soils amended with organic wastes.

Treatments† 2000 2001 2002 2003

Mg ha21 OM 20 Apr. 15 Oct. 18 Apr. 16 Oct. 20 Apr. 14 Oct. 21 Apr. 15 Oct.
(1) Control soil 8.3a‡ 7.9a 7.5a 7.0a 6.8a 6.4a 6.2a 6.0a
(2) 5 Mg CGCC 15.3ab 16.8ab 18.2ab 19.9ab 21.2ab 22.8ab 24.6ab 26.3ab
(3) 7.5 Mg CGCC 16.9ab 18.1ab 19.6ab 20.9ab 22.4ab 26.5ab 28.8b 30.7b
(4) 10 Mg CGCC 19.3ab 21.4ab 23.9ab 25.5ab 29.9b 33.6b 37.8b 40.6b
(5) 5 Mg BV 13.8a 11.5a 9.8a 8.7a 7.7a 6.4a 5.3a 4.2a
(6) 7.5 Mg BV 11.9a 9.5a 8.4a 7.3a 6.7a 5.6a 4.4a 3.8a
(7) 10 Mg BV 9.8a 7.9a 6.7a 5.8a 5.0a 4.5a 3.9a 3.1a
(8) 5 Mg CV 14.0a 16.0ab 17.5ab 18.8ab 20.4ab 21.6ab 23.5ab 25.9ab
(9) 7.5 Mg CV 15.6ab 17.5ab 18.4ab 19.5ab 21.2ab 25.4ab 27.0ab 28.8b
(10) 10 Mg CV 18.1ab 20.9ab 22.2ab 23.8ab 27.9b 32.1b 36.1b 39.8b

PNP, p-nitrophenol.
†OM: Organic matter; CGCC: cotton gin crushed compost; BV: beet vinasse; CV: beet vinasse compost.
‡Different letters following the figures indicate a significant difference at P , 0.05.
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with the N cycle suggests that the treatment used (com-
post) does not include compounds toxic for this activity,
or that microbial growth and/or the addition of micro-
bial cells or enzymes with the amendment counteract
any inhibitory effect due to toxic compounds. The de-
mand for N by both, plants and soil microorganisms,
was probably responsible for the increase of this enzyme
activity. Garcia et al. (1994) studied the influence of
some toxic compounds contained in organic amend-
ments, such as municipal solid wastes, on soil microbial
activity in semiarid zones. These authors determined
that the positive effect of the organic matter on bio-
logical soil quality counteracted the negative effect pro-
duced by these toxic compounds. Organic amendment
by the composts studied had a positive effect on the ac-
tivity of these enzymes, particularly when the amend-
ment was at the high rate, probably due to the higher
microbial biomass produced in response.
Soil arylsulfatase activity and soil phosphatase activity

were higher in the CGCC amended soils than in CV
amended soils. The demand for P by plants and soil
microorganisms can be responsible for the stimulation
of the synthesis of this enzyme (Garcia et al., 1994). In
addition, the processes related to degradation of organic
matter may be followed through hydrolases such as
phosphatase. According to Rao and Tarafdar (1992), in-
creases in phosphatase activity (as we have detected
in the treated soils) indicate changes in the quantity
and quality of soil phosphoryl substrates. The supply
of readily metabolizable C in the organic byproduct is
likely to have been the most influential factor contrib-

uting to the soil arylsulfatase activity and soil phospha-
tase activity increases.

For BV-amended soils, the effect on soil parameters is
very different from compost amended soils: when fresh
BV was added the soil microbial biomass, soil respira-
tion, and soil enzymatic activities all decreased. For
same authors, the application of organic wastes de-
creased soil microbial biomass. Brendecke et al. (1993),
Fließbach et al. (1994), and Filip and Bielek (2002)
reported a decrease of soil microbial biomass after a
10-yr application of 5 and 15 Mg ha21 yr of fresh organic
matter (sewage sludges). These authors indicated that
the presence of high quantities of heavy metals (Cd, Cr,
Hg, Pb, etc.) in this byproduct may counterbalance the
positive effects of organic matter in soil microbial
biomass. The BVanalyses indicated very low concentra-
tions of Cd, Cr, Hg, and Pb; for this reason, the observed
inhibition cannot be due to the heavy metal content.
Perhaps this inhibition could have been caused by labile
organic toxic compounds and/or an increase of the
electrical conductivity in soil with the BV addition
(Garcia and Hernandez, 1996). Composting process can
eliminate toxic organic compounds by mineralization
(Mena et al., 2003); in our case, CV compost reduced the
electrical conductivity due to the dilution effect since
this compost is made with a mixture with CGCC of low
electrical conductivity.

Our data indicated that increasing the dose of BV to
the soil, decreased the soil structural stability, soil mi-
crobial biomass and soil respiration, which increased the
soil bulk density. According to Tate III (2002) oxygen

Table 12. Phosphatase activity (mmol PNP g21 h21; PNP, p-nitrophenol) in soils amended with organic wastes.

Treatments† 2000 2001 2002 2003

Mg ha21 OM 20 Apr. 15 Oct. 18 Apr. 16 Oct. 20 Apr. 14 Oct. 21 Apr. 15 Oct.
(1) Control soil 18a‡ 15a 12a 11a 9a 9a 10a 9a
(2) 5 Mg CGCC 49ab 60ab 75b 87b 106b 119b 135bc 142bc
(3) 7.5 Mg CGCC 65ab 78b 92b 109b 122b 133b 151bc 162bc
(4) 10 Mg CGCC 71b 89b 108b 120b 134bc 148bc 168bc 182c
(5) 5 Mg BV 44ab 39ab 32a 27a 25a 20a 19a 17a
(6) 7.5 Mg BV 39ab 30a 25a 18a 15a 12a 10a 8a
(7) 10 Mg BV 31a 26a 18a 14a 11a 10a 8a 7a
(8) 5 Mg CV 44ab 55ab 70ab 80b 94b 112b 128b 136bc
(9) 7.5 Mg CV 60ab 69b 81b 99b 111b 126b 144bc 150bc
(10) 10 Mg CV 67ab 79b 96b 111b 120b 139b 157bc 171bc

†OM: Organic matter; CGCC: cotton gin crushed compost; BV: beet vinasse; CV: beet vinasse compost.
‡Different letters following the figures indicate a significant difference at P , 0.05.

Table 13. Wheat yield parameters.

Treatments† 2000 2001 2002 2003

Mg ha21 OM
No Grain
spike21

No Spikes
m22 Yield

No Grain
spike21

No Spikes
m22 Yield

No Grain
spike21

No Spikes
m22 Yield

No Grain
spike21

No Spikes
m22 Yield

kg ha21 kg ha21 kg ha21 kg ha21

(1) Control soil 41a‡ 297a 4097a 40a 299a 4165a 40a 300a 4101a 41a 300a 4088
(2) 5 Mg CGCC 42a 298a 4268a 43a 300a 4429ab 43a 302a 4597ab 44ab 303a 4726ab
(3) 7.5 Mg CGCC 44ab 300a 4415ab 45ab 302a 4610ab 46ab 305ab 4793ab 46ab 307ab 4944b
(4) 10 Mg CGCC 45ab 302a 4597 45ab 302a 4712ab 46ab 308ab 4906ab 47ab 309ab 5106b
(5) 5 Mg BV 41a 296a 4144a 40a 295a 4202a 39a 293a 4200a 38a 291a 4180a
(6) 7.5 Mg BV 40a 295a 4101a 40a 293a 4121a 38a 290a 4096a 37a 287a 3986a
(7) 10 Mg BV 39a 293a 4099a 38a 290a 4083a 37a 288a 4001a 35a 284a 3882a
(8) 5 Mg CV 42a 298a 4168ab 43b 299a 4355ab 42ab 301a 4493ab 42a 302a 4666ab
(9) 7.5 Mg CV 43a 299a 4386ab 43b 300a 4576ab 45ab 303a 4688ab 45ab 305ab 4872ab
(10) 10 Mg CV 44ab 300a 4526ab 45ab 301a 4688ab 46ab 304ab 4824ab 45ab 307ab 5028b

†OM: Organic matter; CGCC: cotton gin crushed compost; BV: beet vinasse; CV: beet vinasse compost.
‡Different letters following the figures indicate a significant difference at P , 0.05.
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concentration in soil can affect the metabolic status of
the enzyme-producing cells. Disruption of soil aggre-
gates negatively alters the oxygen diffusion rate from
the atmosphere above the soil into the soil matrix as well
as the rate of its consumption.
It is not easy to determine the reason for enzyme

activity inhibition by BV addition; for example, phos-
phatase inhibition could be caused either by an excess of
inorganic P (Nannipieri et al., 1990), or by heavy metals
incorporated into the soil with the organic waste. How-
ever, in our case, the BV did not have a high quantity of
neither P nor heavy metals. We think that this inhibition
is probably due to the decrease in soil structural stability
and the increase of salinity.

Wheat Yield Crop
Since soil enzymatic activities are responsible for im-

portant cycles such as C, N, P, and S, wheat yield pa-
rameters increased significantly when a higher dose of
CGCC and CV was applied to the soil. These values are
similar to the values reported by Gonzalez et al. (1992)
for the same wheat variety fertilized with pig slurry com-
post in the Guadalquivir Valley (similar pedoclimatic
conditions). Also, wheat yield parameters of the fourth
experimental season were higher than those of the third,
second, and first experimental seasons respectively, due
to the residual effect of the organic matter of each or-
ganic waste after their application in the third, second,
and first experimental seasons. Since the decrease in mi-
crobial diversity may reduce microbial functionality of
soil and therefore decrease the N, P, and S available lev-
els by plants, wheat yield parameters decreased signif-
icantly when a higher dose of BVwere applied to the soil.

CONCLUSIONS
The application of fresh BV at doses studied under

dryland conditions caused a decrease in soil physical and
biological properties and wheat yield, in spite of having
a high organic matter content. Perhaps the increase
in monovalent cations (Na and K), and labile organic
matter (possible inhibitor compounds) are responsible
for this behavior. However, when non depotassified BV
was co-composted with solid agricultural wastes, an in-
crease in soil physical and biological properties and
wheat yield was obtained.
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9.10.1.1  Sugarcane Processing

9.10.1.1.1  General1-5

Sugarcane processing is focussed on the production of cane sugar (sucrose) from sugarcane.  Other
products of the processing include bagasse, molasses, and filtercake.  Bagasse, the residual woody fiber of the
cane, is used for several purposes: fuel for the boilers and lime kilns, production of numerous paper and
paperboard products and reconstituted panelboard, agricultural mulch, and as a raw material for production of
chemicals.  Bagasse and bagasse residue are primarily used as a fuel source for the boilers in the generation
of process steam.  Thus, bagasse is a renewable resource.  Dried filtercake is used as an animal feed
supplement, fertilizer, and source of sugarcane wax.  Molasses is produced in two forms:  inedible for
humans (blackstrap) or as an edible syrup.  Blackstrap molasses is used primarily as an animal feed additive
but also is used to produce ethanol, compressed yeast, citric acid, and rum.  Edible molasses syrups are often
blends with maple syrup, invert sugars, or corn syrup.  

Sugarcane is produced and harvested for two purposes: production of cane sugar and use as seed for
subsequent plantings.  In the United States, sugarcane is produced, harvested, and processed in four states: 
Florida, Louisiana, Texas, and Hawaii.  Cane sugar is refined in eight states:  Florida, Louisiana, Texas,
Hawaii, California, New York, Maryland, and Georgia.

In the following sections, unrefined, or raw sugar is referred to as “cane sugar”.  Following refining,
the sugar is called “refined sugar”.

9.10.1.1.2  Process Description3

9.10.1.1.2.1  Cane Sugar Production -
Hand cutting is the most common harvesting method throughout the world but some locations (e. g.,

Florida, Louisiana and Hawaii) have used mechanical harvesters for several years.  After cutting, the cane is
loaded by hand, mechanical grab loaders, or continuous loaders.  Cane is transported to the mills using
trailers, trucks, railcars, or barges, depending upon the relative location of the cane fields and the processing
plants.  When the cane is cut, rapid deterioration of the cane begins.  Therefore, unlike sugarbeets, sugarcane
cannot be stored for later processing without excessive deterioration of the sucrose content.  

A simplified process flow diagram for a typical cane sugar production plant is shown in
Figure 9.10.1.1-1.  The cane is received at the mill and prepared for extraction of the juice.  At the mill, the
cane is mechanically unloaded, placed in a large pile, and, prior to milling, the cane is cleaned.  The milling
process occurs in two steps:  breaking the hard structure of the cane and grinding the cane.  Breaking the cane
uses revolving knives, shredders, crushers, or a combination of these processes.  For the grinding, or milling,
of the crushed cane, multiple sets of three-roller mills are most commonly used although some mills consist of
four, five, or six rollers in multiple sets.  Conveyors transport the crushed cane from one mill to the next. 
Imbibition is the process in which water or juice is applied to the crushed cane to enhance the extraction of
the juice at the next mill.  In imbibition, water or juice from other processing areas is introduced into the last
mill and transferred from mill to mill towards the first two mills while the crushed cane travels from the first
to the last mill.  The crushed cane exiting the last mill is called bagasse.  The juice from the mills is strained
to remove large particles and then clarified.  In raw sugar production, clarification is done almost exclusively
with heat and lime (as milk of lime or
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Figure 9.10.1.1-1.  Simplified process flow diagram for cane sugar production.
(Source Classification Codes in parentheses.)
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lime saccharate); small quantities of soluble phosphate also may be added.  The lime is added to neutralize
the organic acids, and the temperature of the juice raised to about 95EC (200EF).  A heavy precipitate forms
which is separated from the juice in the clarifier.  The insoluble particulate mass, called “mud”, is separated
from the limed juice by gravity or centrifuge.  Clarified juice goes to the evaporators without additional
treatment.  The mud is filtered and the filtercake is washed with water.  

Evaporation is performed in two stages:  initially in an evaporator station to concentrate the juice and
then in vacuum pans to crystallize the sugar.  The clarified juice is passed through heat exchangers to preheat
the juice and then to the evaporator stations.  Evaporator stations consist of a series of evaporators, termed
multiple-effect evaporators; typically a series of five evaporators.  Steam from large boilers is used to heat the
first evaporator, and the steam from the water evaporated in the first evaporator is used to heat the second
evaporator.  This heat transfer process continues through the five evaporators and as the temperature
decreases (due to heat loss) from evaporator to evaporator, the pressure inside each evaporator also decreases
which allows the juice to boil at the lower temperatures in the subsequent evaporator.  Some steam is released
from the first three evaporators, and this steam is used in various process heaters in the plant.  The evaporator
station in cane sugar manufacture typically produces a syrup with about 65 percent solids and 35 percent
water.  Following evaporation, the syrup is clarified by adding lime, phosphoric acid, and a polymer
flocculent, aerated, and filtered in the clarifier.  From the clarifier, the syrup goes to the vacuum pans for
crystallization.

Crystallization of the sugar starts in the vacuum pans, whose function is to produce sugar crystals
from the syrup.  In the pan boiling process, the syrup is evaporated until it reaches the supersaturation stage. 
At this point, the crystallization process is initiated by “seeding” or “shocking” the solution.  When the
volume of the mixture of liquor and crystals, known as massecuite, reaches the capacity of the pan, the
evaporation is allowed to proceed until the final massecuite is formed.  At this point, the contents of the
vacuum pans (called “strike”) are discharged to the crystallizer, whose function is to maximize the sugar
crystal removal from the massecuite.  Some mills seed the vacuum pans with isopropyl alcohol and ground
sugar (or other similar seeding agent) rather than with crystals from the process.  From the crystallizer, the
massecuite (A massecuite) is transferred to high-speed centrifugal machines (centrifugals), in which the
mother liquor (termed “molasses”) is centrifuged to the outer shell and the crystals remain in the inner
centrifugal basket.  The crystals are washed with water and the wash water centrifuged from the crystals.  

The liquor (A molasses) from the first centrifugal is returned to a vacuum pan and reboiled to yield a
second massecuite (B massecuite), that in turn yields a second batch of crystals.  The B massecuite is
transferred to the crystallizer and then to the centrifugal, and the raw sugar is separated from the molasses. 
This raw sugar is combined with the first crop of crystals.  The molasses from the second boiling (B
molasses) is of much lower purity than the first molasses.  It is reboiled to form a low grade massecuite (C
massecuite), which goes to a crystallizer and then to a centrifugal.  This low-grade cane sugar is mingled with
syrup and is sometimes used in the vacuum pans as a “seeding” solution.  The final molasses from the third
stage (blackstrap molasses) is a heavy, viscous material used primarily as a supplement in cattle feed.  The
cane sugar from the combined A and B massecuites is dried in fluidized bed or spouted bed driers and cooled. 
After cooling, the cane sugar is transferred to packing bins and then sent to bulk storage.  Cane sugar is then
generally bulk loaded to trucks, railcars, or barges. 

9.10.1.1.2.2  Refined Sugar Production -
A simplified process flow diagram for refined sugar production is shown in Figure 9.10.1.1-2.  Cane

sugar is refined either at the same location where it was produced as part of an integrated facility or at
separate raw sugar refineries.  The initial step in cane sugar refining is washing the sugar, called affination,
with warm, almost saturated syrup to loosen the molasses film.  This is followed by separation of the crystals
from the syrup in a centrifugal and washing of the separated crystals with hot water or a high
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Figure 9.10.1.1-2.  Simplified process flow diagram for refined sugar production.
(Source Classification Codes in parentheses.)
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purity sweetwater.  If the refinery is part of the cane sugar production facility, the cane sugar may be washed
more heavily in previous steps and the affination step omitted.

The washed raw sugar is sent to a premelter and then to a melter, where it is mixed with high-purity
sweetwaters from other refinery steps and is steam heated.  The resultant syrup is passed through a screen to
remove any particulate in the syrup and sent to the clarification step.  The syrup from the crystal washing,
called affination syrup, is transferred to a remelt processing station or reused in the raw sugar washing step. 
In the remelt station, the syrup volume is reduced to form the massecuite, and the sugar crystals are separated
from the syrup.  The separated liquor is blackstrap molasses.  The sugar crystals are sent to a melter and then
to the clarification step.  Two clarification methods are commonly used: pressure filtration and chemical
treatment; chemical clarification is the preferred method.  Two chemical methods are commonly used: 
phosphatation and carbonation; both processes require the addition of lime.  The phosphatation uses
phosphoric acid, lime (as lime sucrate to increase solubility), and polyacrylamide flocculent to produce a
calcium phosphate floc.  Air flotation is usually used to separate the floc from the liquor and the floc
skimmed from the liquor surface.  Carbonation consists of adding lime to the raw melter liquid and then
bubbling carbon dioxide (CO ) through the liquor to produce a calcium carbonate precipitate.  The source of2

CO  is boiler flue gas, which contains about 12 percent CO  by volume.  The clarifier systems yield either2 2

presscakes, muds, or scums which are treated to remove entrapped sugar, and then sent to disposal.

The next step is decolorization, which removes soluble impurities by adsorption.  The two most
common adsorbents are granular activated carbon and bone char, manufactured from degreased cattle bones. 
Powdered carbon and synthetic resins are less commonly used.  Bone char or activated carbon are used in
either fixed or moving bed systems.  Spent adsorbent is removed from the bed, regenerated, and stored for
reuse.

The decolorized sugar liquor is sent to heaters (at some refineries), followed by multiple-effect
evaporators, and then to the vacuum pans; this is the same sequence used in cane sugar manufacture.  Basic
operation of the evaporators and vacuum pans is the same as for cane sugar.  The sugar liquor from the
evaporators (thick juice) is transferred to the vacuum pans to further reduce the liquor volume and form the
massecuite.  In refined sugar production, the most common boiling system is the four-strike system.  When
the liquor in the pans has reached the desired level of supersaturation, the liquor is “seeded” to initiate
formation of sugar crystals.  At this point, the strike is discharged to a mixer and then to the centrifugal.  In
the centrifugal, the white sugar is retained in the inner basket and the liquor centrifuged to the outer shell. 
The sugar liquor is returned to a vacuum pan for further volume reduction and white or brown sugar
production.   The white sugar is washed one time in the centrifugal; the separated wash water, containing
liquor and dissolved sugar, is returned to the vacuum pans.  The moist sugar from the centrifugals contains
about 1 percent water by weight.  

To produce refined granulated sugar, white sugar is transported by conveyors and bucket elevators to
the sugar dryers.  The most common sugar dryer is the granulator, which consists of two drums in series.  One
drum dries the sugar and the other cools the dried sugar crystals.  Dryer drums typically operate at a
temperature of  about 110EC (230EF).  Fluidized bed dryers/coolers are used at some facilities in place of the
conventional rotary drum granulators.  From the granulators, the dried white sugar crystals are mechanically
screened by particle size using a sloping, gyrating wire mesh screen or perforated plate.  After screening, the
finished, refined granulated sugar is sent to conditioning bins, and then to storage bins prior to packaging or
bulk loadout.  Almost all packaged sugar uses either multiwall paper containers, cardboard cartons, or
polyethylene bags; bulk loadout is the loadout of the sugar to specially designed bulk hopper cars or tank
trucks.
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In addition to granulated sugar, other common refined sugar products include confectioners'
(powdered) sugar, brown sugar, liquid sugar, and edible molasses.  There are about six other less common
sugar products.  

9.10.1.1.3  Emissions and Controls3-7

Particulate matter (PM), combustion products, and volatile organic compounds (VOC) are the
primary pollutants emitted from the sugarcane processing industry.  Combustion products include nitrogen
oxides (NO ), carbon monoxide (CO), CO , and sulfur oxides (SO ).  Potential emission sources include thex 2 x

sugar granulators, sugar conveying and packaging equipment, bulk loadout operations, boilers, granular
carbon and char regeneration kilns, regenerated adsorbent transport systems, lime kilns and handling
equipment (at some facilities), carbonation tanks, multi-effect evaporator stations, and vacuum boiling pans. 
Potential emissions from lime kilns and boilers are addressed in AP-42 Section 11.15 (Lime Manufacturing)
and Sections 1.1 through 1.4 and 1.8 (Combustion), respectively, and are not included in this discussion. 
Potential sources of PM emissions include the granular carbon and char regeneration kilns, regenerated
adsorbent transporting systems, sugar granulators, granulated sugar transport systems, and sugar packaging
operations.  The multi-effect evaporators and vacuum boiling pans are a potential source of VOC emissions
from the juice.  However, only the first three of five evaporators (in a typical five-stage evaporator) release
exhaust gases and the gases are used as a heat source for various process heaters before release to the
atmosphere.  Emissions from the carbonation tanks are primarily water vapor but may contain small
quantities of VOC and may also include CO  and other combustion gases from the boilers. 2

The exhaust from granulators typically is vented to cyclones to remove large PM and is then passed
through a wet cyclone system (e. g., Rotoclone) to remove smaller particles.  Fabric filters are sometimes used
to control PM emissions from sugar handling operations and from fluidized bed drying and cooling systems. 
Particulate matter emissions from boilers typically are controlled with cyclones.  Wet scrubbers are
sometimes used as primary or secondary control devices for boilers.  Some natural gas-fired boilers are not
equipped with controls.  Emissions from the carbonation tanks, evaporators, and vacuum boiling typically are
not controlled.

Two emission test reports were identified for sugarcane processing.  Both tests were conducted at
sugar refineries.  The first test report documents testing of a sugar granulator that is controlled by a
Rotoclone wet cyclone system.  The average filterable PM emission factor for the granulator
(SCC 3-02-015-37) is 0.095 lb/ton.  In AP-42 Section 9.10.1.2, Sugarbeet Processing, the filterable PM
emission factor for a granulator equipped with a Rotoclone control was 0.064 lb/ton.  Because the granulators
in cane sugar and beet sugar production are expected to be similar, it is not surprising that the two emission
factors are comparable.  The second test report includes measurements of filterable PM emissions at the
outlet of a gravity collector that controls PM emissions from a bone char conveyor transfer point
(SCC 3-02-015-26).  The average emission factor for this test is 0.26 lb/ton of char transferred.

The use of emission factors based on a single test is not recommended.  If necessary, the average
filterable PM emission factors can be used, but would be rated E.
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9.10.1.2  Sugarbeet Processing

9.10.1.2.1  General1-2

Sugarbeet processing is the production of sugar (sucrose) from sugarbeets.  Byproducts of
sugarbeet processing include pulp and molasses.  Most of the molasses produced is processed further to
remove the remaining sucrose.  The pulp and most of the remaining molasses are mixed together, dried,
and sold as livestock feed.

9.10.1.2.2  Process Description1-4

Figures 9.10.1.2-1 and 9.10.1.2-2 are flow diagrams for a typical sugarbeet processing plant. 
Figure 9.10.1.2-1 shows preprocessing and livestock feed production operations, and Figure 9.10.1.2-2
shows the beet sugar production operations.  Mechanically harvested sugarbeets are shipped to processing
plants, where they are typically received by high-speed conveying and screening systems.  The screening
systems remove loose dirt from the beets and pinch the beet tops and leaves from the beet roots.  The
conveyors transport the beets to storage areas and then to the final cleaning and trash removal operations
that precede the processing operations.  The beets are usually conveyed to the final cleaning phase using
flumes, which use water to both move and clean the beets.  Although most plants use flumes, some plants
use dry conveyors in the final cleaning stage.  The disadvantage of flume conveying is that some sugar
leaches into the flume water from damaged surfaces of the beets.  The flumes carry the beets to the beet
feeder, which regulates the flow of beets through the system and prevents stoppages in the system.  From
the feeder, the flumes carry the beets through several cleaning devices, which may include rock catchers,
sand separators, magnetic metal separators, water spray nozzles, and trash catchers.  After cleaning, the
beets are separated from the water, usually with a beet wheel, and are transported by drag chain, chain
and bucket elevator, inclined belt conveyor, or beet pump to the processing operations.

Sugarbeet processing operations comprise several steps, including diffusion, juice purification,
evaporation, crystallization, dried-pulp manufacture, and sugar recovery from molasses.  Descriptions of
these operations are presented in the following paragraphs.

Prior to removal of the sucrose from the beet by diffusion, the cleaned and washed beets are sliced
into long, thin strips, called cossettes.  The cossettes are conveyed to continuous diffusers, in which hot
water is used to extract sucrose from the cossettes.  In one diffuser design, the diffuser is slanted upwards
and conveys the cossettes up the slope as water is introduced at the top of the diffuser and flows
countercurrent to the cossettes.  The water temperature in the diffuser is typically maintained between 50E
and 80EC (122E and 176EF).  This temperature is dependant on several factors, including the
denaturization temperature of the cossettes, the thermal behavior of the beet cell wall, potential enzymatic
reactions, bacterial activity, and pressability of the beet pulp.  Formalin, a 40 percent solution of
formaldehyde, was sometimes added to the diffuser water as a disinfectant but is not used at the present
time.  Sulfur dioxide, chlorine, ammonium bisulfite, or commercial FDA-approved biocides are used as
disinfectants.  The sugar-enriched water that flows from the outlet of the diffuser is called raw juice and
contains between 10 and 15 percent sugar.  This raw juice proceeds to the juice purification operations. 
The processed cossettes, or pulp, leaving the diffuser are conveyed to the dried-pulp manufacture
operations.
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In the juice purification stage, non-sucrose impurities in the raw juice are removed so that the pure
sucrose can be crystallized.  First, the juice passes through screens to remove any small cossette particles. 
Then the mixture is heated to 80E to 85EC (176E to 185EF) and proceeds to the first carbonation tank.  In
some processes, the juice from the screen passes through a pre-limer, heater, and main limer prior to the
first carbonation tank.  In the first carbonation tank, milk of lime [Ca(OH) ] is added to the mixture to2
adsorb or adhere to the impurities in the mixture, and carbon dioxide (CO ) gas is bubbled through the2
mixture to precipitate the lime as insoluble calcium carbonate crystals.  Lime kilns are used to produce the
CO  and lime used in carbonation; the lime is converted to milk of lime in a lime slaker.  The small,2
insoluble crystals (produced during carbonation) settle out in a clarifier, after which the juice is again
treated with CO  (in the second carbonation tank) to remove the remaining lime and impurities.  The pH2
of the juice is lower during this second carbonation, causing large, easily filterable, calcium carbonate
crystals to form.  After filtration, a small amount of sulfur dioxide (SO ) is added to the juice to inhibit2
reactions that lead to darkening of the juice.  Most facilities purchase SO  as a liquid but a few facilities2
produce SO  by burning elemental sulfur in a sulfur stove.  Following the addition of SO , the juice2              2
(known as thin juice) proceeds to the evaporators.

The evaporation process, which increases the sucrose concentration in the juice by removing
water, is typically performed in a series of five evaporators.  Steam from large boilers is used to heat the
first evaporator, and the steam from the water evaporated in the first evaporator is used to heat the second
evaporator.  This transfer of heat continues through the five evaporators, and as the temperature decreases
(due to heat loss) from evaporator to evaporator, the pressure inside each evaporator is also decreased,
allowing the juice to boil at the lower temperatures provided in each subsequent evaporator.  Some steam
is released from the first three evaporators, and this steam is used as a heat source for various process
heaters throughout the plant.  After evaporation, the percentage of sucrose in the "thick juice" is
50-65 percent.  Crystalline sugars, produced later in the process, are added to the juice and dissolved in
the high melter. This mixture is then filtered, yielding a clear liquid known as standard liquor, which
proceeds to the crystallization operation.

Sugar is crystallized by low-temperature pan boiling.  The standard liquor is boiled in vacuum
pans until it becomes supersaturated.  To begin crystal formation, the liquor is either "shocked" using a
small quantity of powdered sugar or is "seeded" by adding a mixture of finely milled sugar and isopropyl
alcohol.  The seed crystals are carefully grown through control of the vacuum, temperature, feed-liquor
additions, and steam.  When the crystals reach the desired size, the mixture of liquor and crystals, known
as massecuite or fillmass, is discharged to the mixer.  From the mixer, the massecuite is poured into high-
speed centrifugals, in which the liquid is centrifuged into the outer shell, and the crystals are left in the
inner centrifugal basket.  The sugar crystals are then washed with pure hot water and are sent to the
granulator, which is a combination rotary drum dryer and cooler.  Some facilities have separate sugar
dryers and coolers, which are collectively called granulators.  The wash water, which contains a small
quantity of sucrose, is pumped to the vacuum pans for processing.  After cooling, the sugar is screened
and then either packaged or stored in large bins for future packaging.

The liquid that was separated from the sugar crystals in the centrifugals is called syrup.  This
syrup serves as feed liquor for the "second boiling" and is introduced back into the vacuum pans along
with standard liquor and recycled wash water.  The process is repeated once again, resulting in the
production of molasses, which can be further desugarized using an ion exchange process called deep
molasses desugarization.  Molasses that is not desugarized can be used in the production of livestock feed
or for other purposes.

Wet pulp from the diffusion process is another product of sugarbeet processing.  The pulp is first
pressed, typically in horizontal double-screw presses, to reduce the moisture content from about 95 percent
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to about 75 percent.  The water removed by the presses is collected and used as diffusion water.  After
pressing, molasses is added to the pulp, which is then dried in a direct-fired horizontal rotating drum
known as a pulp dryer.  The pulp dryer, which can be fired by oil, natural gas, or coal, typically provides
entrance temperatures between 482E and 927EC (900E and 1700EF).  As the pulp is dried, the gas
temperature decreases and the pulp temperature increases.  The exit temperature of the flue gas is typically
between 88E and 138EC (190E and 280EF).  The resulting product is usually pelletized, cooled, and sold as
livestock feed.

9.10.1.2.3  Emissions And Controls1,3-4

Particulate matter (PM), combustion products, and volatile organic compounds (VOC) are the
primary pollutants emitted from the sugarbeet processing industry.  The pulp dryers, sugar granulators and
coolers, sugar conveying and sacking equipment, lime kilns and handling equipment, carbonation tanks,
sulfur stoves, evaporators, and boilers, as well as several fugitive sources are potential emission sources. 
Potential emissions from boilers are addressed in AP-42 Sections 1.1 through 1.4 (Combustion) and those
from lime kilns are addressed in AP-42 Section 11.17, Lime Manufacturing.  Potential sources of PM
emissions include the pulp dryer, sugar granulators and coolers, sugar conveying and sacking equipment,
sulfur stove, and fugitive sources.  Fugitive sources include unpaved roads, coal handling, and pulp
loading operations.  Although most facilities purchase SO , a few facilities still use sulfur stoves.  The2
sulfur stove is a potential source of SO  emissions, and the pulp dryers may be a potential source of2
nitrogen oxides (NO ), SO , CO , carbon monoxide (CO), and VOC.  Evaporators may be a potentialx  2  2
source of CO , ammonia (NH ), SO , and VOC emissions from the juice.  However, only the first three2   3  2
of five evaporators (in a typical five-stage system) release exhaust gases, and the gases are used as a heat
source for various process heaters before release to the atmosphere.  Emissions from carbonation tanks are
primarily water vapor but contain small quantities of NH , VOC, and may also include CO  and other3       2
combustion gases from the lime kiln.  There are no emission test data available for ammonia emissions
from carbonation tanks.

Particulate matter emissions from pulp dryers are typically controlled by a cyclone or multiclone
system, sometimes followed by a secondary device such as a wet scrubber or fabric filter.  Particulate
matter emissions from granulators are typically controlled with wet scrubbers, and PM emissions from
sugar conveying and sacking as well as lime dust handling operations are controlled by hood systems that
duct the emissions to fabric filtration systems.  Emissions from carbonation tanks and evaporators are not
typically controlled.

Table 9.10.1.2-1 presents emission factors for filterable PM, PM-10, and condensible PM
emissions from sugarbeet processing operations.  Table 9.10.1.2-2 presents emission factors for volatile
organic compounds (VOC), methane, NO , SO , CO, and CO  emissions from sugarbeet processingx  2    2
operations, and Tables 9.10.1.2-3 and 9.10.1.2-4 present emission factors for organic pollutants emitted
from coal-fired dryers, carbonation tanks, and first evaporators.
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Table 9.10.1.2-1.  PARTICULATE MATTER EMISSION FACTORS FOR SUGARBEET PROCESSING OPERATIONSa

Source Type of
Control

Filterable PM Condensible PM

PM RATING PM-10 RATING Inorganic RATING Organic RATING Total RATING

EMISSION EMISSION EMISSION EMISSION EMISSION
FACTOR FACTOR FACTOR FACTOR FACTOR

Coal-fired pulp dryer None 4.4 D ND ND ND NDb

(SCC 3-02-016-01) Multiclone 0.66 B ND ND 0.084 C NDc d

Wet scrubber 0.49 D ND 0.050 D 0.35 D 0.40 Df e g

Natural gas-fired pulp dryer Multiclone 0.69 D ND ND ND ND
(SCC 3-02-016-08)

h

Wet scrubber 0.19 D ND 0.018 D ND NDk

Fuel oil-fired pulp dryer Cyclone 1.4 C ND 0.24 C 0.076 C 0.32 C
(SCC 3-02-016-05)

n m n

Dry scrubber 1.1 D 0.83 D 0.24 C ND ND
and cyclone

p n

Multiclone 0.60 D ND ND ND NDq

Sugar granulator Mechanical 0.064 D ND ND 0.0037 D ND
(SCC 3-02-016-58) centrifugal

separator
with water
spraysr

Sugar cooler Mechanical 0.13 D ND ND 0.0043 D ND
(SCC 3-02-016-55) centrifugal

separator
with water
spraysr

Venturi 0.065 D ND 0.0047 D 0.0042 D 0.0089 D
scrubbers

Sugar conveying and Fabric filter ND ND ND ND ND
sacking
(SCC 3-02-016-61)

Sulfur stove None ND ND ND ND ND
(SCC 3-02-016-31)

Pellet Cooler None ND ND ND ND ND
(SCC 3-02-016-16)

Sugar Dryer None ND ND ND ND ND
(SCC 3-02-016-51)
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Source Type of
Control

Filterable PM Condensible PM

PM RATING PM-10 RATING Inorganic RATING Organic RATING Total RATING

EMISSION EMISSION EMISSION EMISSION EMISSION
FACTOR FACTOR FACTOR FACTOR FACTOR

3/97
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Pelletizer None ND ND ND ND ND
(SCC 3-02-016-12)

Emission factor units are lb/ton of pressed wet pulp to the dryer, unless noted.  Factors represent uncontrolled emissions unless noted.  Toa

convert from lb/ton to kg/Mg, multiply by 0.5.  SCC = Source Classification Code.  ND = no data.
Reference 17.b

References 7,16-17,19,21.c

References 16-17,19,21.d

References 3,13.e

Reference 13.f

Reference 3.g

References 22-23; both of these facilities utilize gas recirculation systems operating at different rates. h

References 8-12.j

References 11-12,25.k

References 4-6.m

References 4-6,14.  Includes condensible organic PM data from dryers controlled by cyclones and dryers controlled by a dry scrubber andn

cyclone combination.
Reference 14.p

References 15,24; fuel gas aspiration systems used at both facilities.q

Reference 20.  Emission factor units are lb/ton of sugar output.r

Reference 18.  Emission factor units are lb/ton of sugar output.s
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Table 9.10.1.2-2.  EMISSION FACTORS FOR VOC, METHANE, AND INORGANIC
POLLUTANT EMISSIONS FROM SUGARBEET PROCESSING OPERATIONSa

EMISSION FACTOR RATING:  D

Source VOC Methane NO  SO CO CO

lb/ton

b
x 2 2

Coal-fired pulp dryer 1.2 ND 0.66 0.79 2.3 370c

(SCC 3-02-016-01)

d e f d g

Natural gas-fired pulp dryer ND ND ND ND ND 156c

(SCC 3-02-016-08)

h

Fuel oil-fired pulp dryer 0.11 0.028 0.60 1.0 1.0 430c

(SCC 3-02-016-05)

j j j k j m

First evaporator ND ND ND ND ND ND
(SCC 3-02-016-41)

Sulfur stove ND ND ND ND ND ND
(SCC 3-02-016-31)

First carbonation tank ND ND ND ND ND ND
(SCC 3-02-016-21)

Second carbonation tank ND ND ND ND ND ND
(SCC 3-02-016-22)

Emission factor units are lb/ton of pressed wet pulp to the dryer, unless noted.  Factors representa

uncontrolled emissions unless noted.  To convert from lb/ton to kg/Mg, multiply by 0.5. 
SCC = Source Classification Code.  ND = no data.
Volatile organic compounds as methane.b

Data for pulp dryers equipped with cyclones, multiclones, wet scrubbers, or a combination of thesec

control technologies are averaged together because these control technologies are not specifically
designed to control VOC, methane, NO , SO , CO, or CO  emissions.x  2    2
Reference 19.d

References 16,19.e

References 7,19.f

References 7,13,16-17,19,21.  EMISSION FACTOR RATING:  B.g

References 8-12,22-23,25.  EMISSION FACTOR RATING:  C.h

Reference 4.j

References 14-15.k

References 4-6,14,24.  EMISSION FACTOR RATING:  C.m
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Table 9.10.1.2-3.  EMISSION FACTORS FOR ORGANIC POLLUTANT EMISSIONS 
FROM PULP DRYERSa

EMISSION FACTOR RATING:  E

Source lb/tonCASRN Name

Pollutant Emission
Factor,

Coal-fired pulp dryer with wet 75-07-0 Acetaldehyde 0.015
scrubber

  (SCC 3-02-016-01)
107-02-8 Acrolein 0.0076

123-73-9 Crotonaldehyde 0.0020

50-00-0 Formaldehyde 0.0071

91-57-6 2-methylnaphthalene 1.7x10-5

88-75-5 2-nitrophenol 0.00018

95-48-7 2-methylphenol 3.4x10-5

105-67-9 2,4-dimethylphenol 2.5x10-5

106-44-5 4-methylphenol 0.00013

100-02-7 4-nitrophenol 0.00014

208-96-8 Acenaphthylene 1.7x10-6

100-52-7 Benzaldehyde 0.0014

65-85-0 Benzoic acid 0.0028

100-51-6 Benzyl alcohol 7.1x10-5

117-81-7 Bis(2-ethylhexyl)phthalate 0.0015

84-74-2 Di-n-butylphthalate 5.2x10-5

132-64-9 Dibenzofuran 1.1x10-5

84-66-2 Diethylphthalate 9.8x10-6

91-20-3 Naphthalene 0.00011

98-95-3 Nitrobenzene 1.9x10-5

85-01-8 Phenanthrene 1.2x10-5

108-95-2 Phenol 0.00032

 Reference 3.  Emission factor units are lb/ton of pressed wet pulp to the dryer.  To convert from lb/tona

to kg/Mg, multiply by 0.5.  SCC = Source Classification Code.  CASRN = Chemical Abstracts Service
Registry Number. 
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Table 9.10.1.2-4.  EMISSION FACTORS FOR ORGANIC POLLUTANT EMISSIONS
FROM CARBONATION TANKS AND EVAPORATORSa

Source lb/1,000 gal RATINGCASRN Name

Pollutant
Emission Factor, FACTOR

EMISSION

First carbonation tank 91-57-6 2-methylnaphthalene 5.1x10 Db

(SCC 3-02-016-21)

-7

51-28-5 2,4-dinitrophenol ND D

106-44-5 4-methylphenol 6.6x10 D-7

83-32-9 Acenaphthene ND D

100-52-7 Benzaldehyde 1.1x10 D-4

65-85-0 Benzoic acid 8.4x10 D-6

100-51-6 Benzyl alcohol 5.0x10 D-6

117-81-7 Bis(2-ethylhexyl)phthalate 1.2x10 D-5

91-20-3 Naphthalene 2.0x10 D-6

85-01-8 Phenanthrene 1.4x10 D-6

108-95-2 Phenol 1.3x10 D-6

Second carbonation tank 75-07-0 Acetaldehyde 0.0043 Eb

(SCC 3-02-016-22) 107-02-8 Acrolein 2.4x10 E-4

123-73-9 Crotonaldehyde 3.0x10 E-5

50-00-0 Formaldehyde 1.6x10 E-5

First evaporator 75-07-0 Acetaldehyde 6.7x10 Ec

(SCC 3-02-016-41)

-5

107-02-8 Acrolein 4.2x10 E-7

123-73-9 Crotonaldehyde 1.4x10 E-7

50-00-0 Formaldehyde 7.0x10 E-7

106-44-5 4-methylphenol ND E

100-52-7 Benzaldehyde 2.2x10 E-6

65-85-0 Benzoic acid ND E

100-51-6 Benzyl alcohol 1.8x10 E-7

117-81-7 Bis(2-ethylhexyl)phthalate 3.7x10 E-7

84-74-2 Di-n-butylphthalate 1.1x10 E-9

132-64-9 Dibenzofuran ND E

84-66-2 Diethylphthalate ND E

78-59-1 Isophorone ND E

91-20-3 Naphthalene 2.5x10 E-8

85-01-8 Phenanthrene 1.6x10 E-8

108-95-2 Phenol 1.2x10 E-8

110-86-1 Pyridine 3.4x10 E-8

 Reference 3.  SCC = Source Classification Code.  CASRN = Chemical Abstracts Service Registry a

Number.  ND = no data.  
 Emission factor units are lb per 1,000 gallons of raw juice produced.b

 Emission factor units are lb per 1,000 gallons of thin juice produced.c
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9.12.3  Distilled Spirits

9.12.3.1  General1-2

The distilled spirits industry includes the production of whisky, gin, vodka, rum, and brandy.  The
production of brandy is discussed in AP-42 Section 9.12.2, "Wines and Brandy".  Distilled spirits
production also may include the production of secondary products such as distillers dried grains used for
livestock feed and other feed/food components.  

Distilled spirits, including grain spirits and neutral spirits, are produced throughout the United
States.   The Bureau of Alcohol, Tobacco, and Firearms (BATF) has established "standards of identity"1

for distilled spirits products.2

9.12.3.2  Process Description3-4

Distilled spirits can be produced by a variety of processes.  Typically, in whisky production,
grains are mashed and fermented to produce an alcohol/water solution, that is distilled to concentrate the
alcohol.  For whiskies, the distilled product is aged to provide flavor, color, and aroma.  This discussion
will be limited to the production of Bourbon whisky.  Figure 9.12.3-1 is a simple diagram of a typical
whisky production process.  Emission data are available only for the fermentation and aging steps of
whisky production.

9.12.3.2.1  Grain Handling And Preparation - 
Distilleries utilize premium cereal grains, such as hybrid corn, rye, barley, and wheat, to produce

the various types of whisky and other distilled spirits.  Grain is received at a distillery from a grain-
handling facility and is prepared for fermentation by milling or by malting (soaking the grains to induce
germination).  All U.S. distillers purchase malted grain instead of performing the malting process onsite.

9.12.3.2.2  Grain Mashing - 
Mashing consists of cooking the grain to solubilize the starch from the kernels and to convert the

soluble starch to grain sugars with barley malt and/or enzymes.  Small quantities of malted barley are
sometimes added prior to grain cooking.  The mash then passes through a noncontact cooler to cool the
converted mash prior to entering the fermenter.  

9.12.3.2.3  Fermentation -
The converted mash enters the fermenter and is inoculated with yeast.  The fermentation process,

which usually lasts 3 to 5 days for whisky, uses yeast to convert the grain sugars into ethanol and carbon
dioxide.  Congeners are flavor compounds which are produced during fermentation as well as during the
barrel aging process.  The final fermented grain alcohol mixture, called "beer", is transferred to a "beer
well" for holding.  From the beer well, the beer passes through a preheater, where it is warmed by the
alcohol vapors leaving the still, and then to the distillation unit.  The beer still vapors condensed in the
preheater generally are returned to the beer still as reflux.
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Processes require heat.  Emissions generated (e.g., CO, CO   , NO  , SO  , PM, and VOCs) will depend on the source of fuel.
Other compounds can be generated in trace quantities during fermentation including ethyl acetate, fusel oil, furfural,
acetaldehyde, sulfur dioxide, and hydrogen sulfide.  Acetaldehyde is a hazardous air pollutant (HAP).

2        x       2
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Figure 9.12.3-1.  Whisky production process.
(Source Classification Codes in parentheses).
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9.12.3.2.4  Distillation -
The distillation process separates and concentrates the alcohol from the fermented grain mash. 

Whisky stills are usually made of copper, especially in the rectifying section, although stainless steel may
be used in some stills.  Following distillation, the distilled alcohol spirits are pumped to stainless steel tanks
and diluted with demineralized water to the desired alcohol concentration prior to filling into oak barrels
and aging.  Tennessee whisky utilizes a different process from Bourbon in that the distillate is passed
through sugar maple charcoal in mellowing vats prior to dilution with demineralized water.

9.12.3.2.5  Grain And Liquid Stillage (“Dryer House Operations”) -
In most distilleries, after the removal of alcohol, still bottoms (called whole stillage), are pumped

from the distillation column to a dryer house.  Whole stillage may be sold, land applied (with permitting),
sold as liquid feed, or processed and dried to produce distillers dried grains (DDG) and other secondary
products.  Solids in the whole stillage are separated using centrifuges or screens; the liquid portion (thin
stillage) may be used as a backset or concentrated by vacuum evaporation.  The concentrated liquid may
be recombined with the solids or dried.  Drying is typically accomplished using either steam-heated or
flash dryers.

9.12.3.2.6  Warehousing/Aging -
Aging practices differ from distiller to distiller, and even for the same distiller.  Variations in the

aging process are integral to producing the characteristic taste of a particular brand of distilled spirit.  The
aging process, which typically ranges from 4 to 8 years or more, consists of storing the new whisky
distillate in oak barrels to encourage chemical reactions and extractions between the whisky and the wood. 
The constituents of the barrel produce the whisky's characteristic color and distinctive flavor and aroma. 
White oak is used because it is one of the few woods that holds liquids while allowing breathing (gas
exchange) through the wood.  Federal law requires all Bourbon whisky to be aged in charred new white
oak barrels.  

The oak barrels and the barrel environment are key to producing distilled spirits of desired quality. 
The new whisky distillate undergoes many types of physical and chemical changes during the aging process
that removes the harshness of the new distillate.  As whisky ages, it extracts and reacts with constituents in
the wood of the barrel, producing certain trace substances, called congeners, which give whisky its
distinctive color, taste, and aroma.

Barrel environment is extremely critical in whisky aging and varies considerably by distillery,
warehouse, and even location in the warehouse.  Ambient atmospheric conditions, such as seasonal and
diurnal variations in temperature and humidity, have a great affect on the aging process, causing changes
in the equilibrium rate of extraction, rate of transfer by diffusion, and rate of reaction.  As a result,
distillers may expose the barrels to atmospheric conditions during certain months, promoting maturation
through the selective opening of windows and doors and by other means.

Distillers often utilize various warehouse designs, including single- or multistory buildings
constructed of metal, wood, brick, or masonry.  Warehouses generally rely upon natural ambient
temperature and humidity changes to drive the aging process.  In a few warehouses, temperature is
adjusted during the winter.  However, whisky warehouses do not have the capability to control humidity,
which varies with natural climate conditions.

9.12.3.2.7  Blending/Bottling -
Once the whisky has completed its desired aging period, it is transferred from the barrels into

tanks and reduced in proof to the desired final alcohol concentration by adding demineralized water. 
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Following a filtration process that renders it free of any solids, the whisky is pumped to a tank in the
bottling house, bottled, and readied for shipment to the distributors.

9.12.3.3  Emissions And Controls3-6

9.12.3.3.1  Emissions -
The principal emissions from whisky production are volatile organic compounds (VOCs),

principally ethanol, and occur primarily during the aging/warehousing stage.  In addition to ethanol, other
volatile compounds, including acetaldehyde (a HAP), ethyl acetate, glycerol, fusel oil, and furfural, may
be produced in trace amounts during aging.  A comparatively small source of ethanol emissions may result
from the fermentation stage.  Smaller quantities of ethyl acetate, isobutyl alcohol, and isoamyl alcohol are
generated as well; carbon dioxide is also produced during fermentation.  Particulate matter (PM) emissions
are generated by the grain receiving, handling, drying, and cleaning processes and are discussed in more
detail in AP-42 Section 9.9.1, Grain Elevators and Processes.  Other emissions, including SO , CO , CO,2  2
NO , and PM may be generated by fuel combustion from power production facilities located at mostx
distilled spirits plant.

Ethanol and water vapor emissions result from the breathing phenomenon of the oak barrels during
the aging process.  This phenomenon of wood acting as a semipermeable membrane is complex and not
well understood.  The emissions from evaporation from the barrel during aging are not constant.  During
the first 6 to 18 months, the evaporation rate from a new barrel is low because the wood must become
saturated (known as "soakage") before evaporation occurs.  After saturation, the evaporation rate is
greatest, but then decreases as evaporation lowers the liquid level in the barrel.  The lower liquid level
decreases the surface area of the liquid in contact with the wood and thus reduces the surface area subject
to evaporation.  The rate of extraction of wood constituents, transfer, and reaction depend upon ambient
conditions, such as temperature and humidity, and the concentrations of the various whisky constituents. 
Higher temperatures increase the rate of extraction, transfer by diffusion, and reaction.  Diurnal and
seasonal temperature changes cause convection currents in the liquid.  The rate of diffusion will depend
upon the differences in concentrations of constituents in the wood, liquid, and air blanketing the barrel. 
The rates of reaction will increase or decrease with the concentration of constituents.  The equilibrium
concentrations of the various whisky components depend upon the humidity and air flow around the barrel.

Minor emissions are generated when the whisky is drained from the barrels for blending and
bottling.  Residual whisky remains in the used barrels both as a surface film ("heel") and within the wood
("soakage").  For economic reasons, many distillers attempt to recover as much residual whisky as
possible by methods such as rinsing the barrel with water and vacuuming.  Generally, barrels are refilled
and reentered into the aging process for other distilled spirits at the particular distiller or sealed with a
closure (bung) and shipped offsite for reuse with other distilled spirits.  Emissions may also be generated
during blending and bottle filling, but no data are available.

9.12.3.3.2  Controls -
With the exception of devices for controlling PM emissions, there are very few emission controls

at distilleries.  Grain handling and processing emissions are controlled through the use of cyclones,
baghouses, and other PM control devices (see AP-42 Section 9.9.1).  There are currently no current
control technologies for VOC emissions from fermenters because the significant amount of grain solids
that would be carried out of the fermenters by air entrainment could quickly render systems, such as
carbon adsorption, inoperable.  Add-on air pollution control devices for whisky aging warehouses are not
used because of potential adverse impact on product quality.  Distillers ensure that barrel construction is of
high quality to minimize leakage, thus reducing ethanol emissions.  Ethanol recovery would require the use
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of a collection system to capture gaseous emissions in the warehouse and to process the gases through a
recovery system prior to venting them to the atmosphere.

9.12.3.3.3  Emission Factors -
Table 9.12.3-1 provides uncontrolled emission factors for emissions of VOCs from fermentation

vats and for emissions of ethanol from aging due to evaporation.  Because ethanol is the principal VOC
emission from aging, the ethanol emissions factors are reasonable estimates of VOC emissions for these
processes.  Emission factors for grain receiving, handling, and cleaning may be found in
AP-42 Section 9.9.1, Grain Elevators and Processes.  Emission factors are unavailable for grain mashing,
distillation, blending/bottling, and spent grain drying.  An emission factor for carbon dioxide from
fermentation vats is also unavailable, although carbon dioxide and ethanol are theoretically generated in
equal molecular quantities during the fermentation process.

Table 9.12.3-1.  EMISSION FACTORS FOR DISTILLED SPIRITSa

EMISSION FACTOR RATING:  E

Source Ethanol Ethyl acetate Alcohol Alcoholb
Isoamyl Isobutyl

Grain mashing NA NA NA NA
(SCC 3-02-010-13)

Fermentation vats 14.2 0.046 0.013 0.004
(SCC 3-02-010-14)

c c c c

Distillation ND ND ND ND
(SCC 3-02-010-15)

Aging 
(SCC 3-02-010-17)

- Evaporation loss 6.9 ND ND NDd e

Blending/bottling ND ND ND ND
(SCC 3-02-010-18)

Dryer house operations ND ND ND ND
(SCC 3-02-010-02)

Factors represent uncontrolled emissions.  SCC = Source Classification Code.  ND = no dataa

available.  To convert from lb to kg, divide by 2.2.  NA = not applicable.
Emission factors for grain receiving, handling, and cleaning processes are available inb

AP-42 Section 9.9.1, Grain Elevators and Processes.  
Reference 5 (paper).  In units of pounds per 1,000 bushels of grain input.c

Evaporation losses during whisky aging do not include losses due to soakage.d

References 6-7.  In units of lb/bbl/yr; barrels have a capacity of approximately 53 gallons.e

Recognizing that aging practices may differ from distiller to distiller, and even for different
products of the same distiller, a method may be used to estimate total ethanol emissions from barrels
during aging.  An ethanol emission factor for aging (total loss emission factor) can be calculated based on
annual emissions per barrel in proof gallons (PG).  The term “proof gallon” refers to a U.S. gallon of
proof spirits, or the alcoholic equivalent thereof, containing 50 percent of ethyl alcohol (ethanol) by
volume.  This calculation method is derived from the gauging of product and measures the difference in
the amount of product when the barrel was filled and when the barrel was emptied.  Fugitive evaporative
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emissions, however, are not the sole difference between these two amounts.  During the aging period,
product soaks into the barrel, test samples are drawn, and other losses (e. g., spillage, leakage) may occur. 
Estimates of ethanol loss due to evaporation during aging based only on the gauging of product will
produce an overestimate unless soakage and sampling losses (very small losses) are subtracted.  The
emission factor for evaporation loss in Table 9.12.3-1 represents an overestimate because only data for
soakage losses could be calculated; data for other losses were not available.

References for Section 9.12.3

1. Bureau Of Alcohol, Tobacco, And Firearms (BATF), “Monthly Statistical Release--Distilled
Spirits”, Department Of The Treasury, Washington, DC, January 1995 through December 1995.

2. "Standards Of Identity For Distilled Spirits", 27 CFR Part 1, Subpart C, Office Of The Federal
Register, National Archives And Records Administration, Washington, D.C., April 1, 1996.

3. Bujake, J. E., "Beverage Spirits, Distilled", Kirk-Othmer Encyclopedia Of Chemical Technology,
4th. Ed., Volume No. 4, John Wiley & Sons, Inc., 1992.

4. Cost And Engineering Study Control Of Volatile Organic Emissions From Whiskey Warehousing,
EPA-450/2-78-013, Emissions Standards Division, Chemical and Petroleum Branch, Office Of
Air Quality Planning And Standards, U. S. Environmental Protection Agency, Research Triangle
Park, NC, April 1978.

5. Carter, R. V., and B. Linsky, "Gaseous Emissions From Whiskey Fermentation Units",
Atmospheric Environment, 8:57-62, January 1974; also a preliminary paper of the same title by
these authors (undated).

6. Written communication from R. J. Garcia, Seagrams Americas, Louisville, KY, to T. Lapp,
Midwest Research Institute, Cary, NC, March 3, 1997.  RTGs versus age for 1993 standards.

7. Written communication from L. J. Omlie, Distilled Spirits Council Of The United States,
Washington, D.C., to T. Lapp, Midwest Research Institute, Cary, NC, February 6, 1997. 
Ethanol emissions data from Jim Beam Brands Co.



9.13.4 Yeast Production

9.13.4.1 General1

Baker’s yeast is currently manufactured in the United States at 13 plants owned by 6 major
companies. Two main types of baker’s yeast are produced, compressed (cream) yeast and dry yeast.
The total U. S. production of baker’s yeast in 1989 was 223,500 megagrams (Mg) (245,000 tons). Of
the total production, approximately 85 percent of the yeast is compressed (cream) yeast, and the
remaining 15 percent is dry yeast. Compressed yeast is sold mainly to wholesale bakeries, and dry
yeast is sold mainly to consumers for home baking needs. Compressed and dry yeasts are produced in
a similar manner, but dry yeasts are developed from a different yeast strain and are dried after
processing. Two types of dry yeast are produced, active dry yeast (ADY) and instant dry yeast (IDY).
Instant dry yeast is produced from a faster-reacting yeast strain than that used for ADY. The main
difference between ADY and IDY is that ADY has to be dissolved in warm water before usage, but
IDY does not.

9.13.4.2 Process Description1

Figure 9.13.4-1 is a process flow diagram for the production of baker’s yeast. The first stage
of yeast production consists of growing the yeast from the pure yeast culture in a series of
fermentation vessels. The yeast is recovered from the final fermentor by using centrifugal action to
concentrate the yeast solids. The yeast solids are subsequently filtered by a filter press or a rotary
vacuum filter to concentrate the yeast further. Next, the yeast filter cake is blended in mixers with
small amounts of water, emulsifiers, and cutting oils. After this, the mixed press cake is extruded and
cut. The yeast cakes are then either wrapped for shipment or dried to form dry yeast.

Raw Materials1-3 -
The principal raw materials used in producing baker’s yeast are the pure yeast culture and

molasses. The yeast strain used in producing compressed yeast isSaccharomyces cerevisiae. Other
yeast strains are required to produce each of the 2 dry yeast products, ADY and IDY. Cane molasses
and beet molasses are the principal carbon sources to promote yeast growth. Molasses contains 45 to
55 weight percent fermentable sugars, in the forms of sucrose, glucose, and fructose.

The amount and type of cane and beet molasses used depend on the availability of the
molasses types, costs, and the presence of inhibitors and toxins. Usually, a blend consisting of both
cane and beet molasses is used in the fermentations. Once the molasses mixture is blended, the pH is
adjusted to between 4.5 and 5.0 because an alkaline mixture promotes bacteria growth. Bacteria
growth occurs under the same conditions as yeast growth, making pH monitoring very important. The
molasses mixture is clarified to remove any sludge and is then sterilized with high-pressure steam.
After sterilization, it is diluted with water and held in holding tanks until it is needed for the
fermentation process.

A variety of essential nutrients and vitamins is also required in yeast production. The nutrient
and mineral requirements include nitrogen, potassium, phosphate, magnesium, and calcium, with traces
of iron, zinc, copper, manganese, and molybdenum. Normally, nitrogen is supplied by adding
ammonium salts, aqueous ammonia, or anhydrous ammonia to the feedstock. Phosphates and
magnesium are added, in the form of phosphoric acid or phosphate salts and magnesium salts.
Vitamins are also required for yeast growth (biotin, inositol, pantothenic acid, and thiamine).
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Figure 9.13.4-1. Typical process flow diagram for the seven-stage production of baker's yeast, with
Source Classification Codes shown for compressed yeast.  Use 3-02-035-XX for compressed yeast.

Thiamine is added to the feedstock.  Most other vitamins and nutrients are already present in sufficient
amounts in the molasses malt.  

Fermentation  - 1-3

Yeast cells are grown in a series of fermentation vessels.  Yeast fermentation vessels are operated
under aerobic conditions (free oxygen or excess air present) because under anaerobic conditions (limited or
no oxygen) the fermentable sugars are consumed in the formation of ethanol and carbon dioxide, which
results in low yeast yields.  



The initial stage of yeast growth takes place in the laboratory. A portion of the pure yeast
culture is mixed with molasses malt in a sterilized flask, and the yeast is allowed to grow for
2 to 4 days. The entire contents of this flask are used to inoculate the first fermentor in the pure
culture stage. Pure culture fermentations are batch fermentations, where the yeast is allowed to grow
for 13 to 24 hours. Typically, 1 to 2 fermentors are used in this stage of the process. The pure
culture fermentations are basically a continuation of the flask fermentation, except that they have
provisions for sterile aeration and aseptic transfer to the next stage.

Following the pure culture fermentations, the yeast mixture is transferred to an intermediate
fermentor that is either batch or fed-batch. The next fermentation stage is a stock fermentation. The
contents from the intermediate fermentor are pumped into the stock fermentor, which is equipped for
incremental feeding with good aeration. This stage is called stock fermentation, because after
fermentation is complete, the yeast is separated from the bulk of the fermentor liquid by centrifuging,
which produces a stock, or pitch, of yeast for the next stage. The next stage, pitch fermentation, also
produces a stock, or pitch, of yeast. Aeration is vigorous, and molasses and other nutrients are fed
incrementally. The liquor from this fermentor is usually divided into several parts for pitching the
final trade fermentations (adding the yeast to start fermentation). Alternately, the yeast may be
separated by centrifuging and stored for several days before its use in the final trade fermentations.

The final trade fermentation has the highest degree of aeration, and molasses and other
nutrients are fed incrementally. Large air supplies are required during the final trade fermentations, so
these vessels are often started in a staggered fashion to reduce the size of the air compressors. The
duration of the final fermentation stages ranges from 11 to 15 hours. After all of the required
molasses has been fed into the fermentor, the liquid is aerated for an additional 0.5 to 1.5 hours to
permit further maturing of the yeast, making it more stable for refrigerated storage.

The amount of yeast growth in the main fermentation stages described above increases with
each stage. Yeast growth is typically 120 kilograms (270 pounds) in the intermediate fermentor,
420 kilograms (930 pounds) in the stock fermentor, 2,500 kilograms (5,500 pounds) in the pitch
fermentor, and 15,000 to 100,000 kilograms (33,000 to 220,000 pounds) in the trade fermentor.

The sequence of the main fermentation stages varies among manufacturers. About half of
existing yeast operations are 2-stage processes, and the remaining are 4-stage processes. When the
2-stage final fermentation series is used, the only fermentations following the pure culture stage are the
stock and trade fermentations. When the 4-stage fermentation series is used, the pure culture stage is
followed by intermediate, stock, pitch, and trade fermentations.

Harvesting And Packaging1-2 -
Once an optimum quantity of yeast has been grown, the yeast cells are recovered from the

final trade fermentor by centrifugal yeast separators. The centrifuged yeast solids are further
concentrated by a filter press or rotary vacuum filter. A filter press forms a filter cake containing
27 to 32 percent solids. A rotary vacuum filter forms cakes containing approximately 33 percent
solids. This filter cake is then blended in mixers with small amounts of water, emulsifiers, and cutting
oils to form the end product. The final packaging steps, as described below, vary depending on the
type of yeast product.

In compressed yeast production (SCC 3-02-035-XX), emulsifiers are added to give the yeast a
white, creamy appearance and to inhibit water spotting of the yeast cakes. A small amount of oil,
usually soybean or cottonseed oil, is added to help extrude the yeast through nozzles to form
continuous ribbons of yeast cake. The ribbons are cut, and the yeast cakes are wrapped and cooled to
below 8°C (46°F), at which time they are ready for shipment in refrigerated trucks.

1/95 Food And Agricultural Industries 9.13.4-3



In dry yeast production (SCC 3-02-034-XX), the product is sent to an extruder after filtration,
where emulsifiers and oils (different from those used for compressed yeast) are added to texturize the
yeast and to aid in extruding it. After the yeast is extruded in thin ribbons, it is cut and dried in either
a batch or a continuous drying system. Following drying, the yeast is vacuum packed or packed under
nitrogen gas before heat sealing. The shelf life of ADY and IDY at ambient temperature is 1 to
2 years.

9.13.4.3 Emissions1,4-5

Volatile organic compound (VOC) emissions are generated as byproducts of the fermentation
process. The 2 major VOCs emitted are ethanol and acetaldehyde. Other byproducts consist of other
alcohols, such as butanol, isopropyl alcohol, 2,3-butanediol, organic acids, and acetates. Based on
emission test data, approximately 80 to 90 percent of total VOC emissions is ethanol, and the
remaining 10 to 20 percent consists of other alcohols and acetaldehyde. Acetaldehyde is a hazardous
air pollutant as defined under Section 112 of theClean Air Act.

Volatile byproducts form as a result of either excess sugar (molasses) present in the fermentor
or an insufficient oxygen supply to it. Under these conditions, anaerobic fermentation occurs, breaking
down the excess sugar into alcohols and carbon dioxide. When anaerobic fermentation occurs,
2 moles of ethanol and 2 moles of carbon dioxide are formed from 1 mole of glucose. Under
anaerobic conditions, the ethanol yield is increased, and yeast yields are decreased. Therefore, in
producing baker’s yeast, it is essential to suppress ethanol formation in the final fermentation stages by
incremental feeding of the molasses mixture with sufficient oxygen to the fermentor.

The rate of ethanol formation is higher in the earlier stages (pure culture stages) than in the
final stages of the fermentation process. The earlier fermentation stages are batch fermentors, where
excess sugars are present and less aeration is used during the fermentation process. These
fermentations are not controlled to the degree that the final fermentations are controlled because the
majority of yeast growth occurs in the final fermentation stages. Therefore, there is no economical
reason for manufacturers to equip the earlier fermentation stages with process control equipment.

Another potential emission source at yeast manufacturing facilities is the system used to treat
process waste waters. If the facility does not use an anaerobic biological treatment system, significant
quantities of VOCs could be emitted from this stage of the process. For more information on
waste water treatment systems as an emission source of VOCs, please refer to EPA’s Control
Technology Center document on industrial waste water treatment systems,Industrial Wastewater
Volatile Organic Compound Emissions - Background Information For BACT/LAER, or see Section 4.3
of AP-42. At facilities manufacturing dry yeast, VOCs may also be emitted from the yeast dryers, but
no information is available on the relative quantity of VOC emissions from this source.

9.13.4.4 Controls6

Only 1 yeast manufacturing facility uses an add-on pollution control system to reduce VOC
emissions from the fermentation process. However, all yeast manufacturers suppress ethanol formation
through varying degrees of process control, such as incrementally feeding the molasses mixture to the
fermentors so that excess sugars are not present, or supplying sufficient oxygen to the fermentors to
optimize the dissolved oxygen content of the liquid in the fermentor. The adequacy of oxygen
distribution depends upon the proper design and operation of the aeration and mechanical agitation
systems of the fermentor. The distribution of oxygen by the air sparger system to the malt mixture is
critical. If oxygen is not being transferred uniformly throughout the malt, then ethanol will be
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produced in the oxygen-deficient areas of the fermentor. The type and position of baffles and/or a
highly effective mechanical agitation system can ensure proper distribution of oxygen.

A more sophisticated form of process control involves using a continuous monitoring system
and feedback control. In such a system, process parameters are monitored, and the information is sent
to a computer. The computer is then used to calculate sugar consumption rates through material
balance techniques. Based on the calculated data, the computer continuously controls the addition of
molasses. This type of system is feasible, but it is difficult to design and implement. Such enhanced
process control measures can suppress ethanol formation from 75 to 95 percent.

The 1 facility with add-on control uses a wet scrubber followed by a biological filter.
Performance data from this unit suggest an emission control efficiency of better than 90 percent.

9.13.4.5 Emission Factors1,6-9

Table 9.13.4-1 provides emission factors for a typical yeast fermentation process with a
moderate degree of process control. The process emission factors in Table 9.13.4-1 were developed
from 4 test reports from 3 yeast manufacturing facilities. Separate emission factors are given for
intermediate, stock/pitch, and trade fermentations. The emission factors in Table 9.13.4-1 are
expressed in units of VOC emitted per fermentor per unit of yeast produced in that fermentor.

In order to use the emission factors for each fermentor, the amount of yeast produced in each
fermentor must be known. The following is an example calculation for a typical facility:

Fermentation
Stage

Yeast Yield Per
Batch, lb (A)

No. Of Batches
Processed Per
Year, #/yr (B)

Total Yeast
Production Per
Stage, tons/yr

(C = A x
B/2,000)

Emission Factor,
lb/ton (D)

Emissions, lb
(E = C x D)

Percent of Total
Emissions

Intermediate 265 156 21 36 756 0.84

Stock 930 208 97 5 485 0.54

Pitch 5,510 208 573 5 2,865 3.18

Trade 33,070 1,040 17,196 5 85,980 95.44

TOTAL — — — — 90,086 100

In most cases, the annual yeast production per stage will not be available. However, a reasonable
estimate can be determined based on the emission factor for the trade fermentor and the total yeast
production for the facility. Trade fermentors produce the majority of all VOCs emitted from the
facility because of the number of batches processed per year and of the amount of yeast grown in
these fermentors. Based on emission test data and process data regarding the number of batches
processed per year, 80 to 90 percent of VOCs emitted from fermentation operations are a result of the
trade fermentors.

Using either a 2-stage or 4-stage fermentation process has no significant effect on the
overall emissions for the facility. Facilities that use the 2-stage process may have larger fermentors or
may produce more batches per year than facilities that use a 4-stage process. The main factors
affecting emissions are the total yeast production for a facility and the degree of process control used.
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Table 9.13.4-1 (Metric And English Units). VOLATILE ORGANIC COMPOUND (VOC)
EMISSION FACTORS FOR YEAST MANUFACTURINGa

EMISSION FACTOR RATING: E

VOCc

Emission Pointb

VOC Emitted Per Stage Per
Amount Of Yeast Produced

In A Stage,
kg VOC/Mg Yeast

VOC Emitted Per Stage Per
Amount Of Yeast Produced

In A Stage,
lb VOC/ton Yeast

Fermentation stagesd

Flask (F1) ND ND

Pure culture (F2/F3) ND ND

Intermediate (F4)
(SCC 3-02-034-04)

18 36

Stock (F5)
(SCC 3-02-034-05)

2.5 5.0

Pitch (F6)
(SCC 3-02-034-06)

2.5 5.0

Trade (F7)
(SCC 3-02-034-07)

2.5 5.0

Waste treatment
(SCC 3-02-034-10) See Section 4.3 of AP-42

Drying
(SCC 3-02-034-20) ND ND

a References 1,6-10. Total VOC as ethanol. SCC = Source Classification Code. ND = no data.
F numbers refer to fermentation stages (see Figure 9.13.4-1).

b Factors are for both dry yeast (SCC 3-02-034-XX) and compressed yeast (SCC 3-02-035-XX).
c Factors should be used only when plant-specific emission data are not available because of the high

degree of emissions variability among facilities and among batches within a facility.
d Some yeast manufacturing facilities use a 2-stage final fermentation process, and others use a 4-stage

final fermentation process. Factors for each stage cannot be summed to determine an overall
emission factor for a facility, since they are based on yeast yields in each fermentor rather than total
yeast production. Total yeast production for a facility equals only the yeast yield from the trade
fermentations. Note that CO2 is also a byproduct of fermentation, but no data are available on the
amount emitted.
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§ 409.30   Applicability; description of the liquid cane sugar refining subcategory. 
§ 409.31   Specialized definitions. 
§ 409.32   Effluent limitations guidelines representing the degree of effluent reduction 
attainable by the application of the best practicable control technology currently 
available. 
§ 409.33   [Reserved] 
§ 409.34   Pretreatment standards for existing sources. 
§ 409.35   Standards of performance for new sources. 
§ 409.36   Pretreatment standards for new sources. 
§ 409.37   Effluent limitations guidelines representing the degree of effluent reduction 
attainable by the application of the best conventional pollutant control technology (BCT). 

Subpart D—Louisiana Raw Cane Sugar Processing Subcategory 
 
§ 409.40   Applicability; description of the Louisiana raw cane sugar processing 
subcategory. 
§ 409.41   Specialized definitions. 
§ 409.42   Effluent limitations guidelines representing the degree of effluent reduction 
attainable by the application of the best practicable control technology currently 
available. 
§ 409.47   Effluent limitations guidelines representing the degree of effluent reduction 
attainable by the application of the best conventional pollutant control technology (BCT). 

Subpart E—Florida and Texas Raw Cane Sugar Processing Subcategory 
 
§ 409.50   Applicability; description of the Florida and Texas raw cane sugar processing 
subcategory. 
§ 409.51   Specialized definitions. 
§ 409.52   Effluent limitations guidelines representing the degree of effluent reduction 
attainable by the application of the best practicable control technology currently 
available. 
§ 409.57   Effluent limitations guidelines representing the degree of effluent reduction 
attainable by the application of the best conventional pollutant control technology (BCT). 

Subpart F—Hilo-Hamakua Coast of the Island of Hawaii Raw Cane Sugar 
Processing Subcategory 

 
§ 409.60   Applicability; description of the Hilo-Hamakua Coast of the Island of Hawaii 
raw cane sugar processing subcategory. 
§ 409.61   Specialized definitions. 
§ 409.62   Effluent limitations guidelines representing the degree of effluent reduction 
attainable by the application of the best practicable control technology currently 
available. 
§ 409.67   Effluent limitations guidelines representing the degree of effluent reduction 
attainable by the application of the best conventional pollutant control technology (BCT). 

Subpart G—Hawaiian Raw Cane Sugar Processing Subcategory 
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§ 409.70   Applicability; description of the Hawaiian raw cane sugar processing 
subcategory. 
§ 409.71   Specialized definitions. 
§ 409.72   Effluent limitations guidelines representing the degree of effluent reduction 
attainable by the application of the best practicable control technology currently 
available. 
§ 409.77   Effluent limitations guidelines representing the degree of effluent reduction 
attainable by the application of the best conventional pollutant control technology (BCT). 

Subpart H—Puerto Rican Raw Cane Sugar Processing Subcategory 
 
§ 409.80   Applicability; description of the Puerto Rican raw cane sugar processing 
subcategory. 
§ 409.81   Specialized definitions. 
§ 409.82   Effluent limitations guidelines representing the degree of effluent reduction 
attainable by the application of the best practicable control technology currently 
available. 
§ 409.87   Effluent limitations guidelines representing the degree of effluent reduction 
attainable by the application of the best conventional pollutant control technology (BCT). 

 

Authority:   Secs. 301, 304 (b) and (c), 306 (b) and (c), 307 (c) and (d), and 316(b) of the Federal Water 
Pollution Control Act, as amended; 33 U.S.C. 1251, 1311, 1314 (b) and (c), 1316 (b) and (c), 1317(c), 
and 1326(c); 86 Stat. 816 et seq., Pub. L. 92–500; 91 Stat. 1567, Pub. L. 95–217.  

Subpart A—Beet Sugar Processing Subcategory 

top  

Source:   39 FR 4037, Jan. 31, 1974, unless otherwise noted.  

§ 409.10   Applicability; description of the beet sugar processing subcategory. 

top  

The provisions of this subpart are applicable to discharges resulting from any operation attendant to the processing of 
sugar beets for the production of sugar. 

§ 409.11   Specialized definitions. 

top  

For the purpose of this subpart: 

(a) Except as provided below, the general definitions, abbreviations and methods of analysis set forth in part 401 of 
this chapter shall apply to this subpart. 
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(b) The term barometric condensing operations shall mean those operations or processes directly associated with or 
related to the concentration and crystallization of sugar solutions. 

(c) The term product shall mean crystallized refined sugar. 

§ 409.12   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best practicable control technology currently available. 

top  

The following limitations establish the quantity or quality of pollutants or pollutant properties, controlled by this 
section, which may be discharged by a point source subject to the provisions of this subpart after application of the 
best practicable control technology currently available; provided however, that a discharge by a point source may be 
made in accordance with the limitations set forth in either paragraph (a) of this section exclusively, or paragraph (b) of 
this section exclusively, below: 

(a) The following limitations establish the maximum permissible discharge of process waste water pollutants when the 
process waste water discharge results from barometric condensing operations only. 

Effluent 
characteristic 

Effluent limitations 

Maximum for any 1 
day 

Average of daily values for 30 consecutive days 
shall not exceed— 

 Metric units (kg/kkg of product) 

BOD 5  3.3 2.2 

pH (1) (1) 

Temperature (2) (2) 

 English units (lb/1,000 lb of product) 

BOD 5  3.3 2.2 

pH (1) (1) 

Temperature (3) (3) 

1Within the range 6.0 to 9.0. 

2Temperature not to exceed the temperature of cooled water acceptable for return to the heat producing process and 
in no event greater than 32 °C. 

3Temperature not to exceed the temperature of cooled water acceptable for return to the heat producing process and 
in no event greater than 90 °F. 

(b) The following limitations establish the maximum permissible discharge of process waste water pollutants when the 
process waste water discharge results, in whole or in part, from barometric condensing operations and any other beet 
sugar processing operation. 

Effluent Effluent limitations 
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characteristic Maximum for any 1 
day 

Average of daily values for 30 consecutive days 
shall not exceed— 

 Metric units (kg/kkg of product) 

BOD 5  3.3 2.2 

TSS 3.3 2.2 

pH (1) (1) 

Fecal coliform (2) (2) 

Temperature (3) (3) 

 English units (lb/1,000 lb of product) 

BOD 5  3.3 2.2 

TSS 3.3 2.2 

pH (1) (1) 

Fecal coliform (4) (4) 

Temperature (5) (5) 

1Within the range 6.0 to 9.0. 

2Not to exceed MPN of 400/100 ml at any time. 

3Not to exceed 32 °F. 

4Not to exceed MPN of 400/100 ml at any time (not typically expressed in English units). 

5Not to exceed 90 °F. 

§ 409.13   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best available technology economically achievable. 

top  

(a) The following limitations establish the quantity or quality of pollutants or pollutant properties which may be 
discharged by a point source where the sugar beet processing capacity of the point source does not exceed 1090 kkg 
(2300 tons) per day of beets sliced or where the soil filtration rate, whether natural or by deliberate design, within the 
boundaries of all waste water treatment or retention facilities associated with the point source is less than or equal to 
0.159 cm (1/16in.) per day; provided however, that a discharge by a point source may be made in accordance with 
the limitations set forth in either paragraph (a)(1) exclusively, or paragraph (a)(2) of this section exclusively. 

(1) The following limitations establish the maximum permissible discharge of process waste water pollutants when the 
process waste water discharge results from barometric condensing operations only. 

Effluent Effluent limitations 
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characteristic 

Temperature Temperature not to exceed the temperature of cooled water acceptable for 
return to the heat producing process and in no event greater than 32 °C (90 
°F). 

(2) The following limitations establish the maximum permissible discharge of process waste water pollutants when the 
process waste water discharge results, in whole or in part, from barometric condensing operations and any other beet 
sugar processing operation. 

Effluent characteristics Effluent limitations 

Temperature Not to exceed 32 °C (90 °F). 

(b) [Reserved] 

[39 FR 4037, Jan. 31, 1974, as amended at 40 FR 36337, Aug. 20, 1975; 44 FR 50740, Aug. 29, 1979] 

§ 409.14   Pretreatment standards for existing sources. 

top  

Any existing source subject to this subpart that introduces process wastewater pollutants into a publicly owned 
treatment works must comply with 40 CFR part 403. In addition, the following pretreatment standard establishes the 
quantity or quality of pollutants or pollutant properties controlled by this section which may be discharged to a publicly 
owned treatment works by a point source subject to the provisions of this subpart. 

Pollutant or pollutant property Pretreatment standard 

pH No limitation. 

BOD 5      Do. 

TSS     Do. 

Fecal coliform     Do. 

Temperature (heat)     Do. 

[40 FR 6439, Feb. 11, 1975, as amended at 60 FR 33949, June 29, 1995] 

§ 409.15   Standards of performance for new sources. 

top  

The following standards of performance establish the quantity or quality of pollutants or pollutant properties which 
may be discharged by a point source subject to the provisions of this subpart: There shall be no discharge of process 
waste water pollutants to navigable waters. 

§ 409.16   Pretreatment standards for new sources. 
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top  

Any new source subject to this subpart that introduces process wastewater pollutants into a publicly owned treatment 
works must comply with 40 CFR part 403. 

[60 FR 33949, June 29, 1995] 

§ 409.17   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best conventional pollutant control technology (BCT). 

top  

Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
conventional pollutant control technology (BCT): The limitations shall be the same as those specified for conventional 
pollutants (which are defined in §401.16) in §409.12 of this subpart for the best practicable control technology 
currently available (BPT). 

[51 FR 24999, July 9, 1986] 

Subpart B—Crystalline Cane Sugar Refining Subcategory 

top  

Source:   39 FR 10524, Mar. 20, 1974, unless otherwise noted.  

§ 409.20   Applicability; description of the crystalline cane sugar refining subcategory. 

top  

The provisions of this subpart are applicable to discharges resulting from the processing of raw cane sugar into 
crystalline refined sugar. 

§ 409.21   Specialized definitions. 

top  

For the purpose of this subpart: 

(a) Except as provided below, the general definitions, abbreviations and methods of analysis set forth in part 401 of 
this chapter shall apply to this subpart. 

(b) Net shall mean the addition of pollutants. 

(c) Melt shall mean that amount of raw material (raw sugar) contained within aqueous solution at the beginning of the 
process for production of refined cane sugar. 

§ 409.22   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best practicable control technology currently available. 

top  
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Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
practicable control technology currently available (BPT): 

(a) Any crystalline cane sugar refinery discharging both barometric condenser cooling water and other process 
waters shall meet the following limitations. The BOD 5 limitation is determined by the addition of the net BOD 5 
attributed to the barometric condenser cooling water to that amount of BOD 5 attributed to the treated process water. 
The TSS limitation is that amount of TSS attributed to the treated process water. Where the barometric condenser 
cooling water and process water streams are mixed and impossible to measure separately prior to discharge, the 
values should be considered net. 

Effluent 
characteristic 

Effluent limitations 

Maximum for any 1 
day 

Average of daily values for 30 consecutive days 
shall not exceed— 

 Metric units (kilograms per 1,000 kg of melt) 

BOD 5  1.19 0.43 

TSS .27 0.09 

pH (1) (1) 

 English units (pounds per ton of melt) 

BOD 5  2.38 0.86 

TSS .54 .18 

pH (1) (1) 

1Within the range 6.0 to 9.0. 

(b) Any crystalline cane sugar refinery discharging barometric condenser cooling water only should be required to 
achieve the following net limitations: 

Effluent 
characteristic 

Effluent limitations 

Maximum for any 1 
day 

Average of daily values for 30 consecutive days 
shall not exceed— 

 Metric units (kilograms per 1,000 kg of melt) 

BOD 5  1.02 0.34 

 English units (pounds per ton of melt) 

BOD 5  2.04 0.68 

[39 FR 10524, Mar. 20, 1974, as amended at 60 FR 33949, June 29, 1995] 

§ 409.23   [Reserved] 



top  

§ 409.24   Pretreatment standards for existing sources. 

top  

Any existing source subject to this subpart that introduces process wastewater pollutants into a publicly owned 
treatment works must comply with 40 CFR part 403. In addition, the following pretreatment standard establishes the 
quantity or quality of pollutants or pollutant properties controlled by this section which may be discharged to a publicly 
owned treatment works by a point source subject to the provisions of this subpart. 

Pollutant or pollutant property Pretreatment standard 

pH No limitation. 

BOD 5      Do. 

TSS     Do. 

[40 FR 6440, Feb. 11, 1975, as amended at 60 FR 33949, June 29, 1995] 

§ 409.25   Standards of performance for new sources. 

top  

The following standards of performance establish the quantity or quality of pollutants or pollutant properties, 
controlled by this section, which may be discharged by a new source subject to the provisions of this subpart: 

Effluent 
characteristic 

Effluent limitations 

Maximum for any 1 
day 

Average of daily values for 30 consecutive days 
shall not exceed— 

 Metric units (kilograms per 1,000 kg of melt) 

BOD 5  0.18 0.09 

TSS .11 .035 

pH (1) (1) 

 English units (pounds per ton of melt) 

BOD 5  0.36 0.18 

TSS .21 .07 

pH (1) (1) 

1Within the range 6.0 to 9.0. 

§ 409.26   Pretreatment standards for new sources. 
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top  

Any new source subject to this subpart that introduces process wastewater pollutants into a publicly owned treatment 
works must comply with 40 CFR part 403. 

[60 FR 33950, June 29, 1995] 

§ 409.27   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best conventional pollutant control technology (BCT). 

top  

Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
conventional pollutant control technology (BCT): The limitations shall be the same as those specified for conventional 
pollutants (which are defined in §401.16) in §409.22 of this subpart for the best practicable control technology 
currently available (BPT). 

[51 FR 24999, July 9, 1986] 

Subpart C—Liquid Cane Sugar Refining Subcategory 

top  

Source:   39 FR 10526, Mar. 20, 1974, unless otherwise noted.  

§ 409.30   Applicability; description of the liquid cane sugar refining subcategory. 

top  

The provisions of this subpart are applicable to discharges resulting from the processing of raw cane sugar into liquid 
refined sugar. 

§ 409.31   Specialized definitions. 

top  

For the purpose of this subpart: 

(a) Except as provided below, the general definitions, abbreviations and methods of analysis set forth in part 401 of 
this chapter shall apply to this subpart. 

(b) Net shall mean the addition of pollutants. 

(c) Melt shall mean that amount of raw material (raw sugar) contained within aqueous solution at the beginning of the 
process for production of refined cane sugar. 

§ 409.32   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best practicable control technology currently available. 

top  
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Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
practicable control technology currently available (BPT): 

(a) Any liquid cane sugar refinery discharging both barometric condenser cooling water and other process waters 
shall meet the following limitations. The BOD 5 limitation is determined by the addition of the net BOD 5 attributed to 
the barometric condenser cooling water to that amount of BOD 5 attributed to the treated process water. The TSS 
limitation is that amount of TSS attributed to the treated process water. Where the barometric condenser cooling 
water and process water streams are mixed and impossible to measure separately prior to discharge, the values 
should be considered net. 

Effluent 
characteristic 

Effluent limitations 

Maximum for any 1 
day 

Average of daily values for 30 consecutive days 
shall not exceed— 

 Metric units (kilograms per 1,000 kg of melt) 

BOD 5  0.78 0.32 

TSS .50 .17 

pH (1) (1) 

 English units (pounds per ton of melt) 

BOD 5  1.56 0.63 

TSS .99 .33 

pH (1) (1) 

1Within the range 6.0 to 9.0. 

(b) Any liquid cane sugar refinery discharging barometric condenser cooling water only shall meet the following net 
limitations: 

Effluent 
characteristic 

Effluent limitations 

Maximum for any 1 
day 

Average of daily values for 30 consecutive days 
shall not exceed— 

 Metric units (kilograms per 1,000 kg of melt) 

BOD 5  0.45 0.15 

 English units (pounds per ton of melt) 

BOD 5  0.90 0.30 

[39 FR 10526, Mar. 20, 1974, as amended at 60 FR 33950, June 29, 1995] 

§ 409.33   [Reserved] 



top  

§ 409.34   Pretreatment standards for existing sources. 

top  

Any existing source subject to this subpart that introduces process wastewater pollutants into a publicly owned 
treatment works must comply with 40 CFR part 403. In addition, the following pretreatment standard establishes the 
quantity or quality of pollutants or pollutant properties controlled by this section which may be discharged to a publicly 
owned treatment works by a point source subject to the provisions of this subpart. 

Pollutant or pollutant property Pretreatment standard 

pH No limitation. 

BOD 5      Do. 

TSS     Do. 

[40 FR 6440, Feb. 11, 1975, as amended at 60 FR 33950, June 29, 1995] 

§ 409.35   Standards of performance for new sources. 

top  

The following standards of performance establish the quantity or quality of pollutants or pollutant properties, 
controlled by this section, which may be discharged by a new source subject to the provisions of this subpart: 

Effluent 
characteristic 

Effluent limitations 

Maximum for any 1 
day 

Average of daily values for 30 consecutive days 
shall not exceed— 

 Metric units (kilograms per 1,000 kg of melt) 

BOD 5  0.30 0.15 

TSS 0.09 .03 

pH (1) (1) 

 English units (pounds per ton of melt) 

BOD 5  0.60 0.30 

TSS 0.18 .06 

pH (1) (1) 

1Within the range 6.0 to 9.0. 

§ 409.36   Pretreatment standards for new sources. 
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top  

Any new source subject to this subpart that introduces process wastewater pollutants into a publicly owned treatment 
works must comply with 40 CFR part 403. 

[60 FR 33950, June 29, 1995] 

§ 409.37   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best conventional pollutant control technology (BCT). 

top  

Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
conventional pollutant control technology (BCT): The limitations shall be the same as those specified for conventional 
pollutants (which are defined in §401.16) in §409.32 of this subpart for the best practicable control technology 
currently available (BPT). 

[51 FR 24999, July 9, 1986] 

Subpart D—Louisiana Raw Cane Sugar Processing Subcategory 

top  

Source:   40 FR 8503, Feb. 27, 1975, unless otherwise noted.  

§ 409.40   Applicability; description of the Louisiana raw cane sugar processing subcategory. 

top  

The provisions of this subpart are applicable to discharges resulting from the processing of sugar cane into a raw 
sugar product for those cane sugar factories operating in the State of Louisiana. 

§ 409.41   Specialized definitions. 

top  

For the purpose of this subpart: 

(a) Except as provided below, the general definitions, abbreviations and methods of analysis set forth in 40 CFR part 
401 shall apply to this subpart. 

(b) The term gross cane shall mean that amount of crop material as harvested, including field trash and other 
extraneous material. 

§ 409.42   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best practicable control technology currently available. 

top  
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Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
practicable control technology currently available (BPT): 

(a) Any cane sugar factory continuously discharging both barometric condenser cooling water and other process 
waste waters shall meet the following limitations. The BOD 5 limitation is determined by the addition of the net BOD 5 
attributable to the barometric condenser cooling water to that amount of BOD 5 attributable to the treated process 
waste water. The TSS limitation is that amount of TSS attributable to the treated process waste water, excluding 
barometric condenser cooling water. 

Effluent 
characteristic 

Effluent limitations 

Maximum for any 1 
day 

Average of daily values for 30 consecutive days 
shall not exceed— 

 Metric units (kg/kkg of gross cane) 

BOD 5  1.14 0.63 

TSS 1.41 0.47 

pH (1) (1) 

 English units (lb/1,000 lb of gross cane) 

BOD 5  1.14 0.63 

TSS 1.41 0.47 

pH (1) (1) 

1Within the range 6.0 to 9.0. 

(b) Any cane sugar factory employing waste stabilization where all or a portion of the waste water discharge is stored 
for the entire grinding season shall meet the following limitations. The BOD 5 limitation is determined by the addition 
of the net BOD 5 attributable to the barometric condenser cooling water to that amount of BOD 5 attributable to the 
treated process waste water. The TSS limitation is that amount of TSS attributable to the treated process waste 
water, excluding barometric condenser cooling water. 

Effluent 
characteristic 

Effluent limitations, the total of the daily values for the entire 
discharge period shall not exceed— 

 Metric units (kg/kkg of gross cane) 

BOD 5  0.63. 

TSS 0.47. 

pH Within the range 6.0 to 9.0. 

 English units (lb/1,000 lb of gross cane) 

BOD 5  0.63. 

TSS 0.47. 



pH Within the range 6.0 to 9.0. 

[40 FR 8503, Feb. 27, 1975, as amended at 60 FR 33950, June 29, 1995] 

§ 409.47   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best conventional pollutant control technology (BCT). 

top  

Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
conventional pollutant control technology (BCT): The limitations shall be the same as those specified for conventional 
pollutants (which are defined in §401.16) in §409.42 of this subpart for the best practicable control technology 
currently available (BPT). 

[51 FR 24999, July 9, 1986] 

Subpart E—Florida and Texas Raw Cane Sugar Processing Subcategory 

top  

Source:   40 FR 8503, Feb. 27, 1975, unless otherwise noted.  

§ 409.50   Applicability; description of the Florida and Texas raw cane sugar processing 
subcategory. 

top  

The provisions of this subpart are applicable to discharges resulting from the processing of sugar cane into a raw 
sugar product for those cane sugar factories located in the states of Florida and Texas. 

§ 409.51   Specialized definitions. 

top  

For the purpose of this subpart: 

(a) Except as provided below, the general definitions, abbreviations and methods of analysis set forth in 40 CFR part 
401 shall apply to this subpart. 

(b) [Reserved] 

§ 409.52   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best practicable control technology currently available. 

top  

Except as provided in §§125.30 through 125.32, and subject to the provisions of paragraph (a) of this section, any 
existing point source subject to this subpart shall achieve the following effluent limitations representing the degree of 
effluent reduction attainable by the application of the best practicable control technology currently available (BPT): 
There shall be no discharge of process wastewater pollutants to navigable waters. 
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(a) Process waste water pollutants in the overflow may be discharged to navigable waters whenever rainfall events 
cause an overflow of process waste water from a facility designed, constructed, and operated to contain all process 
generated waste waters. 

(b) [Reserved] 

[60 FR 33950, June 29, 1995] 

§ 409.57   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best conventional pollutant control technology (BCT). 

top  

Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
conventional pollutant control technology (BCT): The limitations shall be the same as those specified for conventional 
pollutants (which are defined in §401.16) in §409.52 of this subpart for the best practicable control technology 
currently available (BPT). 

[51 FR 24999, July 9, 1986] 

Subpart F—Hilo-Hamakua Coast of the Island of Hawaii Raw Cane Sugar Processing Subcategory 

top  

§ 409.60   Applicability; description of the Hilo-Hamakua Coast of the Island of Hawaii raw cane 
sugar processing subcategory. 

top  

The provisions of this subpart are applicable to discharges resulting from the processing of sugar cane into a raw 
sugar product for those cane sugar factories located on the Hilo-Hamakua Coast of the Island of Hawaii in the State 
of Hawaii. 

[40 FR 8504, Feb. 27, 1975] 

§ 409.61   Specialized definitions. 

top  

For the purpose of this subpart: 

(a) Except as provided below, the general definitions, abbreviations and methods of analysis set forth in 40 CFR part 
401 shall apply to this subpart. 

(b) The term gross cane shall mean that amount of crop material as harvested, including field trash and other 
extraneous material. 

(c) The term net cane shall mean that amount of “gross cane” less the weight of extraneous material. 

(d) The term x shall mean that fraction of the “net cane” harvested by the advanced harvesting systems. 

[40 FR 8504, Feb. 27, 1975] 
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§ 409.62   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best practicable control technology currently available. 

top  

Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
practicable control technology currently available (BPT): 

Effluent 
characteristics 

Maximum for any 1 day 
Average of daily values for 30 

consecutive days shall not exceed 

kg/kkg gross 
cane 

lb/1,000 lb 
gross cane kg/kkg gross cane lb/1,000 lb gross cane 

BOD 5  (1) (1) (1) (1). 

TSS 9.9 9.9 3.6 3.6. 

pH (1) (1) (1) (1). 

1No limitations. 

[40 FR 8504, Feb 27, 1975, as amended at 44 FR 64080, Nov. 6, 1979; 45 FR 59152, Sept. 8, 1980; 60 FR 33950, 
June 29, 1995] 

§ 409.67   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best conventional pollutant control technology (BCT). 

top  

Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
conventional pollutant control technology (BCT): The limitations shall be the same as those specified for conventional 
pollutants (which are defined in §401.16) in §409.62 of this subpart for the best practicable control technology 
currently available (BPT). 

[51 FR 24999, July 9, 1986] 

Subpart G—Hawaiian Raw Cane Sugar Processing Subcategory 

top  

Source:   40 FR 8504, Feb. 27, 1975, unless otherwise noted.  

§ 409.70   Applicability; description of the Hawaiian raw cane sugar processing subcategory. 

top  

The provisions of this subpart are applicable to discharges resulting from the processing of sugar cane into a raw 
sugar product for those cane sugar factories, other than those described by subpart F, located in the State of Hawaii. 

http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop�
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop�
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop�
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&rgn=div5&view=text&node=40:28.0.1.1.9&idno=40#PartTop�


§ 409.71   Specialized definitions. 

top  

For the purpose of this subpart: 

(a) Except as provided below, the general definitions, abbreviations and methods of analysis set forth in 40 CFR part 
401 shall apply to this subpart. 

§ 409.72   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best practicable control technology currently available. 

top  

Except as provided in §§125.30 through 125.32, and subject to the provisions of paragraph (a) of this section, any 
existing point source subject to this subpart shall achieve the following effluent limitations representing the degree of 
effluent reduction attainable by the application of the best practicable control technology currently available (BPT): 
There shall be no discharge of process waste water pollutants to navigable waters. 

(a) Process waste water pollutants in the overflow may be discharged to navigable waters whenever rainfall events 
cause an overflow of process waste water from a facility designed, constructed, and operated to contain all process 
generated waste waters. 

(b) [Reserved] 

[40 FR 8504, Feb. 27, 1975, as amended at 60 FR 33950, June 29, 1995] 

§ 409.77   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best conventional pollutant control technology (BCT). 

top  

Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
conventional pollutant control technology (BCT): The limitations shall be the same as those specified for conventional 
pollutants (which are defined in §401.16) in §409.72 of this subpart for the best practicable control technology 
currently available (BPT). 

[51 FR 24999, July 9, 1986] 

Subpart H—Puerto Rican Raw Cane Sugar Processing Subcategory 

top  

Source:   40 FR 8505, Feb. 27, 1975, unless otherwise noted.  

§ 409.80   Applicability; description of the Puerto Rican raw cane sugar processing subcategory. 

top  

The provisions of this subpart are applicable to discharges resulting from the processing of sugar cane into a raw 
sugar product for those cane sugar factories located on the island of Puerto Rico. 
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§ 409.81   Specialized definitions. 

top  

For the purpose of this subpart: 

(a) Except as provided below, the general definitions, abbreviations and methods of analysis set forth in 40 CFR part 
401 shall apply to this subpart. 

(b) The term gross cane shall mean that amount of crop material as harvested, including field trash and other 
extraneous material. 

§ 409.82   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best practicable control technology currently available. 

top  

Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
practicable control technology currently available (BPT): 

(a) Any cane sugar factory continuously discharging both barometric condenser cooling water and other process 
waste waters shall meet the following limitations. The BOD 5 limitation is determined by the addition of the net BOD 5 
attributable to the barometric condenser cooling water to that amount of BOD 5 attributable to the treated process 
waste water. The TSS limitation is that amount of TSS attributable to the treated process waste water, excluding 
barometric condenser cooling water. 

Effluent 
characteristic 

Effluent limitations 

Maximum for any 1 
day 

Average of daily values for 30 consecutive days 
shall not exceed— 

 Metric units (kg/kkg of gross cane) 

BOD 5  1.14 0.63 

TSS 1.41 0.47 

pH (1) (1) 

 English units (lb/1,000 lb of gross cane) 

BOD 5  1.14 0.63 

TSS 1.41 0.47 

pH (1) (1) 

1Within the range 6.0 to 9.0. 

(b) Any cane sugar factory employing waste stabilization where all or a portion of the waste water discharge is stored 
for the entire grinding season shall meet the following limitations. The BOD 5 limitation is determined by the addition 
of the net BOD 5 attributable to the barometric condenser cooling water to that amount of BOD 5 attributable to the 
treated process waste water. The TSS limitation is that amount of TSS attributable to the treated process waste 
water, excluding barometric condenser cooling water. 
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Effluent 
characteristic 

Effluent limitations, the total of the daily values for the entire 
discharge period shall not exceed— 

 Metric units (kg/kkg of gross cane) 

BOD 5  0.63. 

TSS 0.47. 

pH Within the range 6.0 to 9.0. 

 English units (lb/1,000 lb of gross cane) 

BOD 5  0.63. 

TSS 0.47. 

pH Within the range 6.0 to 9.0. 

(Secs. 301, 304 (b) and (c), 306 (b) and (c), 307 (c) and (d) of the Federal Water Pollution Control Act, as amended 
(33 U.S.C. 1251, 1311, 1314 (b) and (c), 1316 (b) and (c), 1317(c) and 1326(c)), 86 Stat. 816 et seq., Pub. L. 92–
500) 

[40 FR 8504, Feb. 27, 1975, as amended at 60 FR 33950, June 29, 1995] 

§ 409.87   Effluent limitations guidelines representing the degree of effluent reduction attainable 
by the application of the best conventional pollutant control technology (BCT). 

top  

Except as provided in §§125.30 through 125.32, any existing point source subject to this subpart shall achieve the 
following effluent limitations representing the degree of effluent reduction attainable by the application of the best 
conventional pollutant control technology (BCT): The limitations shall be the same as those specified for conventional 
pollutants (which are defined in §401.16) in §409.82 of this subpart for the best practicable control technology 
currently available (BPT). 

[51 FR 24999, July 9, 1986] 
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TITLE 21--FOOD AND DRUGS 
 

CHAPTER I--FOOD AND DRUG ADMINISTRATION 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 

 

SUBCHAPTER A--GENERAL 
 

PART 73 -- LISTING OF COLOR ADDITIVES EXEMPT FROM 
CERTIFICATION  

Subpart A--Foods  

Sec. 73.85 Caramel.  

(a)Identity. (1) The color additive caramel is the dark-
brown liquid or solid material resulting from the 
carefully controlled heat treatment of the following food-
grade carbohydrates: 

Dextrose. 

Invert sugar. 

Lactose. 

Malt sirup. 

Molasses. 
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Starch hydrolysates and fractions thereof. 

Sucrose. 

(2) The food-grade acids, alkalis, and salts listed in 
this subparagraph may be employed to assist 
caramelization, in amounts consistent with good 
manufacturing practice. 

(i) Acids: 

Acetic acid. 

Citric acid. 

Phosphoric acid. 

Sulfuric acid. 

Sulfurous acid. 

(ii) Alkalis: 

Ammonium hydroxide. 

Calcium hydroxide U.S.P. 

Potassium hydroxide. 

Sodium hydroxide. 

(iii) Salts: Ammonium, sodium, or potassium carbonate, 
bicarbonate, phosphate (including dibasic phosphate and 
monobasic phosphate), sulfate, and sulfite. 

(3) Polyglycerol esters of fatty acids, identified in 
172.854 of this chapter, may be used as antifoaming agents 
in amounts not greater than that required to produce the 
intended effect. 

(4) Color additive mixtures for food use made with caramel 
may contain only diluents that are suitable and that are 
listed in this subpart as safe in color additive mixtures 
for coloring foods. 

(b)Specifications. Caramel shall conform to the following 
specifications: 

Lead (as Pb), not more than 10 parts per million. 



Arsenic (as As), not more than 3 parts per million. 

Mercury (as Hg), not more than 0.1 part per million. 

(c)Uses and restrictions. Caramel may be safely used for 
coloring foods generally, in amounts consistent with good 
manufacturing practice, except that it may not be used to 
color foods for which standards of identity have been 
promulgated under section 401 of the act unless added 
color is authorized by such standards. 

(d)Labeling. The label of the color additive and any 
mixtures prepared therefrom and intended solely or in part 
for coloring purposes shall conform to the requirements of 
70.25 of this chapter. 

(e)Exemption from certification. Certification of this 
color additive is not necessary for the protection of the 
public health and therefore batches thereof are exempt 
from the certification requirements of section 721(c) of 
the act. 

 

 

  

Page Last Updated: 04/01/2009  



 

 

 
  

CFR - Code of Federal Regulations Title 21 
 

New Search 
Help | More About 21CFR  

  

[Code of Federal Regulations] 
[Title 21, Volume 3] 
[Revised as of April 1, 2009] 
[CITE: 21CFR173.320] 
 

 
 

TITLE 21--FOOD AND DRUGS 
 

CHAPTER I--FOOD AND DRUG ADMINISTRATION 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 

 

SUBCHAPTER B--FOOD FOR HUMAN CONSUMPTION 
(CONTINUED) 

 

PART 173 -- SECONDARY DIRECT FOOD ADDITIVES PERMITTED IN 
FOOD FOR HUMAN CONSUMPTION  

Subpart D--Specific Usage Additives  

Sec. 173.320 Chemicals for controlling microorganisms in 
cane-sugar and beet-sugar mills.  

Agents for controlling microorganisms in cane-sugar and 
beet-sugar mills may be safely used in accordance with the 
following conditions: 

(a) They are used in the control of microorganisms in 
cane-sugar and/or beet-sugar mills as specified in 
paragraph (b) of this section. 

(b) They are applied to the sugar mill grinding, crusher, 
and/or diffuser systems in one of the combinations listed 
in paragraph (b) (1), (2), (3), or (5) of this section or 
as a single agent listed in paragraph (b) (4) or (6) of 
this section. Quantities of the individual additives in 
parts per million are expressed in terms of the weight of 
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the raw cane or raw beets. 

(1) Combination for cane-sugar mills: 

 
Parts per million 

Disodium cyanodithioimidocarbonate 2.5 

Ethylenediamine 1.0 

PotassiumN-methyldithiocarbamate 3.5 

(2) Combination for cane-sugar mills: 

 
Parts per million 

Disodium ethylenebisdithiocarbamate 3.0 

Sodium dimethyldithiocarbamate 3.0 

(3) Combinations for cane-sugar mills and beet-sugar 
mills: 

 
Parts per million 

(i) Disodium ethylenebisdithiocarbamate 3.0 

Ethylenediamine 2.0 

Sodium dimethyldithiocarbamate 3.0 

(ii) Disodium cyanodithioimidocarbonate 2.9 

PotassiumN-methyldithiocarbamate 4.1 

(4) Single additive for cane-sugar mills and beet-sugar 
mills. 

 

Parts per 
million 

2,2-Dibromo-3-nitrilopropionamide (CAS Reg. No. 
10222-01-2).Limitations:Byproduct molasses, bagasse, 
and pulp containing residues of 2,2-dibromo-3-
nitrilopropionamide are not authorized for use in animal 
feed 

Not more 
than 10.0 
and not less 
than 2.0. 



(5) Combination for cane-sugar mills: 

 

Parts per 
million 

n-Dodecyl dimethyl benzyl ammonium chloride 0.05+/-0.005 

n-Dodecyl dimethyl ethylbenzyl ammonium chloride 0.68+/-0.068 

n-Hexadecyl dimethyl benzyl ammonium chloride 0.30+/-0.030 

n-Octadecyl dimethyl benzyl ammonium chloride 0.05+/-0.005 

n-Tetradecyl dimethyl benzyl ammonium chloride 0.60+/-0.060 

n-Tetradecyl dimethyl ethylbenzyl ammonium 
chloride 

0.32+/-0.032 

Limitations. Byproduct molasses, bagasse, and pulp 
containing residues of these quaternary ammonium salts are 
not authorized for use in animal feed. 

(6) Single additive for beet-sugar mills: 

 
Parts per million 

Glutaraldehyde (CAS Reg. No. 111-30-8) Not more than 250. 

(c) To assure safe use of the additives, their label and 
labeling shall conform to that registered with the 
Environmental Protection Agency. 

[42 FR 14526, Mar. 15, 1977, as amended at 47 FR 35756, 
Aug. 17, 1982; 50 FR 3891, Jan. 29, 1985; 57 FR 8065, Mar. 
6, 1992]  
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TITLE 21--FOOD AND DRUGS 
 

CHAPTER I--FOOD AND DRUG ADMINISTRATION 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 

 

SUBCHAPTER B--FOOD FOR HUMAN CONSUMPTION (CONTINUED) 
 

PART 184 -- DIRECT FOOD SUBSTANCES AFFIRMED AS GENERALLY RECOGNIZED AS SAFE  

Subpart B--Listing of Specific Substances Affirmed as GRAS  

Sec. 184.1007 Aconitic acid.  

(a) Aconitic acid (1,2,3-propenetricarboxylic acid (C6H6O6), CAS Reg. No. 
000499-12-7) occurs in the leaves and tubers ofAconitum napellus L. and 
otherRanunculaceae. Transaconitic acid can be isolated during sugarcane 
processing, by precipitation as the calcium salt from cane sugar or 
molasses. It may be synthesized by sulfuric acid dehydration of citric 
acid, but not by the methanesulfonic acid method. 

(b) The ingredient meets the following specifications: 

(1)Assay. Not less than 98.0 percent of C3H3(COOH)3, using the "Food 
Chemicals Codex," 4th ed. (1996), pp. 102-103, test for citric acid, which 
is incorporated by reference in accordance with 5 U.S.C. 552(a) and 1 CFR 
part 51, and a molecular weight of 174.11. Copies of the material 
incorporated by reference are available from the National Academy Press, 
Box 285, 2101 Constitution Ave. NW., Washington, DC 20055 (Internet 
addresshttp://www.nap.edu ), or may be examined at the Center for Food 
Safety and Applied Nutrition's Library, Food and Drug Administration, 5100 
Paint Branch Pkwy., College Park, MD 20740, or at the National Archives 
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and Records Administration (NARA). For information on the availability of 
this material at NARA, call 202-741-6030, or go 
to:http://www.archives.gov/federal_register/code_of_federal_regulations/ib
r_locations.html.  

(2)Melting point. Not less than 195 deg. C and the determination results 
in decomposition of aconitic acid. 

(3)Heavy metals (as Pb ). Not more than 10 parts per million. 

(4)Arsenic (as As ). Not more than 3 parts per million. 

(5)Oxalate. Passes test. 

(6)Readily carbonizable substances. Passes the test for citric acid of the 
"Food Chemicals Codex," 4th ed. (1996), pp. 102-103, which is incorporated 
by reference in accordance with 5 U.S.C. 552(a) and 1 CFR part 51. The 
availability of this incorporation by reference is given in paragraph 
(b)(1) of this section. 

(7)Residue on ignition. Not more than 0.1 percent as determined by the 
"Food Chemicals Codex," 4th ed. (1996), pp. 102-103, test for citric acid, 
which is incorporated by reference in accordance with 5 U.S.C. 552(a) and 
1 CFR part 51. The availability of this incorporation by reference is 
given in paragraph (b)(1) of this section. 

(c) The ingredient is used as a flavoring substance and adjuvant as 
defined in 170.3(o)(12) of this chapter. 

(d) The ingredient is used in food, in accordance with 184.1(b)(1), at 
levels not to exceed good manufacturing practice. Current good 
manufacturing practice results in a maximum level, as served, of 0.003 
percent for baked goods as defined in 170.3(n)(1) of this chapter, 0.002 
percent for alcoholic beverages as defined in 170.3(n)(2) of this chapter, 
0.0015 percent for frozen dairy products as defined in 170.3(n)(20) of 
this chapter, 0.0035 percent for soft candy as defined in 170.3(n)(38) of 
this chapter, and 0.0005 percent or less for all other food categories. 

(e) Prior sanctions for this ingredient different from the uses 
established in this section do not exist or have been waived. 

[43 FR 47724, Oct. 17, 1978, as amended at 49 FR 5610, Feb. 14, 1984; 64 
FR 1759, Jan. 12, 1999]  
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SUBCHAPTER B--FOOD FOR HUMAN CONSUMPTION 
(CONTINUED) 

 

PART 184 -- DIRECT FOOD SUBSTANCES AFFIRMED AS GENERALLY 
RECOGNIZED AS SAFE  

Subpart B--Listing of Specific Substances Affirmed as GRAS  

Sec. 184.1854 Sucrose.  

(a) Sucrose (C12H22O11, CAS Reg. No. 57-50-11-1) sugar, 
cane sugar, or beet sugar is the chemical [beta]-D-
fructofuranosyl-[alpha]-D-glucopyranoside. Sucrose is 
obtained by crystallization from sugar cane or sugar beet 
juice that has been extracted by pressing or diffusion, 
then clarified and evaporated. 

(b) The ingredient must be of a purity suitable for its 
intended use. 

(c) In accordance with 184.1(b)(1), the ingredient is used 
in food with no limitation other than current good 
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manufacturing practice. 

(d) Prior sanctions for this ingredient different from the 
uses established in this section do not exist or have been 
waived. 

[53 FR 44876, Nov. 7, 1988; 54 FR 228, Jan. 4, 1989, as 
amended at 73 FR 8608, Feb. 14, 2008]  
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TITLE 21--FOOD AND DRUGS 
 

CHAPTER I--FOOD AND DRUG ADMINISTRATION 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 

 

SUBCHAPTER E--ANIMAL DRUGS, FEEDS, AND RELATED 
PRODUCTS 

 

PART 501 -- ANIMAL FOOD LABELING  

Subpart F--Exemptions From Animal Food Labeling Requirements  

Sec. 501.110 Animal feed labeling; collective names for 
feed ingredients.  

(a) An animal feed shall be exempt from the requirements 
of section 403(i)(2) of the act with respect to its label 
bearing the common or usual names of the animal feed 
ingredients listed in paragraph (b) of this section under 
the following prescribed conditions: 

(1) The animal feed is intended solely for livestock and 
poultry. 

(2) The label of the animal feed bears the collective 
name(s) prescribed in paragraph (b) of this section in 
lieu of the corresponding common or usual names of the 
individual feed ingredients contained therein. 

(3) The label of the animal feed otherwise conforms to the 
requirements of section 403(i)(2) of the act. 
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(4) The ingredients of any feed listed in paragraph (b) of 
this section neither contain nor are food additives as 
defined in section 201(s) of the act unless provided for 
by and in conformity with applicable regulations 
established pursuant to section 409 of the act. 

(b) Each collective name referred to in this paragraph may 
be used for the purpose of labeling where one or more of 
the ingredients listed for that collective name are 
present. The animal feed ingredients listed under each of 
the collective names are the products defined by the 
Association of American Feed Control Officials. The 
collective names are as follows: 

(1)Animal protein products include one or more of the 
following: Animal products, marine products, and milk 
products. 

(2)Forage products include one or more of the following: 
Alfalfa meals, entire plant meals, hays, and stem meals. 

(3)Grain products include one or more of the following: 
Barley, grain sorghums, maize (corn), oats, rice, rye, and 
wheat. 

(4)Plant protein products include one or more of the 
following: Algae meals, coconut meals (copra), cottonseed 
meals, guar meal, linseed meals, peanut meals, safflower 
meals, soybean meals, sunflower meals, and yeasts. 

(5)Processed grain byproducts include one or more of the 
following: Brans, brewers dried grains, distillers grains, 
distillers solubles, flours, germ meals, gluten feeds, 
gluten meals, grits, groats, hominy feeds, malt sprouts, 
middlings, pearled, polishings, shorts, and wheat mill 
run. 

(6)Roughage products include one or more of the following: 
Cobs, hulls, husks, pulps, and straws. 
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TITLE 21--FOOD AND DRUGS 
 

CHAPTER I--FOOD AND DRUG ADMINISTRATION 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 

 

SUBCHAPTER E--ANIMAL DRUGS, FEEDS, AND RELATED 
PRODUCTS 

 

PART 501 -- ANIMAL FOOD LABELING  

Subpart A--General Provisions  

Sec. 501.4 Animal food; designation of ingredients.  

(a) Ingredients required to be declared on the label of a 
food, including foods that comply with standards of 
identity that require labeling in compliance with this 
part 501, except those exempted by 501.100, shall be 
listed by common or usual name in descending order of 
predominance by weight on either the principal display 
panel or the information panel in accordance with the 
provisions of 501.2. 

(b) The name of an ingredient shall be a specific name and 
not a collective (generic) name, except that: 

(1) Spices, flavorings, colorings and chemical 
preservatives shall be declared according to the 
provisions of 501.22. 

(2) An ingredient which itself contains two or more 
ingredients and which has an established common or usual 

http://www.hhs.gov/
http://www.hhs.gov/
http://www.fda.gov/default.htm
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch.cfm
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/search/default.cfm?FAQ=true
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/Databases/ucm135680.htm
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch.cfm?CFRPart=501
http://www.hhs.gov/�
http://www.hhs.gov/�
http://www.fda.gov/default.htm�


name, conforms to a standard established pursuant to the 
Meat Inspection or Poultry Products Inspection Acts by the 
U.S. Department of Agriculture, or conforms to a 
definition and standard of identity established pursuant 
to section 401 of the Federal Food, Drug, and Cosmetic 
Act, shall be designated in the statement of ingredients 
on the label of such food by either of the following 
alternatives: 

(i) By declaring the established common or usual name of 
the ingredient followed by a parenthetical listing of all 
ingredients contained therein in descending order of 
predominance except that, if the ingredient is a food 
subject to a definition and standard of identity 
established in this subchapter E, only the ingredients 
required to be declared by the definition and standard of 
identity need be listed; or 

(ii) By incorporating into the statement of ingredients in 
descending order of predominance in the finished food, the 
common or usual name of every component of the ingredient 
without listing the ingredient itself. 

(3) Skim milk, concentrated skim milk, reconstituted skim 
milk, and nonfat dry milk may be declared asskim milk 
ornonfat milk . 

(4) Milk, concentrated milk, reconstituted milk, and dry 
whole milk may be declared asmilk . 

(5) Bacterial cultures may be declared by the wordcultured 
followed by the name of the substrate, e.g.,made from 
cultured skim milk or cultured buttermilk . 

(6) Sweetcream buttermilk, concentrated sweetcream 
buttermilk, reconstituted sweetcream buttermilk, and dried 
sweetcream buttermilk may be declared asbuttermilk . 

(7) Whey, concentrated whey, reconstituted whey, and dried 
whey may be declared aswhey . 

(8) Cream, reconstituted cream, dried cream, and plastic 
cream (sometimes known as concentrated milkfat) may be 
declared ascream . 

(9) Butteroil and anhydrous butterfat may be declared 
asbutterfat . 

(10) Dried whole eggs, frozen whole eggs, and liquid whole 
eggs may be declared aseggs . 

(11) Dried egg whites, frozen egg whites, and liquid egg 



whites may be declared asegg whites . 

(12) Dried egg yolks, frozen egg yolks, and liquid egg 
yolks may be declared asegg yolks . 

(13) A livestock or poultry feed may be declared by a 
collective name listed in 501.110 if it is an animal feed 
within the meaning of section 201(w) of the act and meets 
the requirements for the use of a collective name as 
prescribed in 501.110 for certain feed ingredients. 

(14) [Reserved] 

(15) When all the ingredients of a wheat flour are 
declared in an ingredient statement, the principal 
ingredient of the flour shall be declared by the name(s) 
specified in 137.105, 137.200, 137.220, 137.225 of this 
chapter, i.e., the first ingredient designated in the 
ingredient list of flour, or bromated flour, or enriched 
flour, or self-rising flour isflour, white flour, wheat 
flour, orplain flour ; the first ingredient designated in 
the ingredient list of durum flour isdurum flour ; the 
first ingredient designated in the ingredient list of 
whole wheat flour, or bromated whole wheat flour iswhole 
wheat flour, graham flour, orentire wheat flour ; and the 
first ingredient designated in the ingredient list of 
whole durum wheat flour iswhole durum wheat flour . 

(c) When water is added to reconstitute, completely or 
partially, an ingredient permitted by paragraph (b) of 
this section to be declared by a class name, the position 
of the ingredient class name in the ingredient statement 
shall be determined by the weight of the unreconstituted 
ingredient plus the weight of the quantity of water added 
to reconstitute that ingredient, up to the amount of water 
needed to reconstitute the ingredient to single strength. 
Any water added in excess of the amount of water needed to 
reconstitute the ingredient to single strength shall be 
declared aswater in the ingredient statement. 

[41 FR 38619, Sept. 10, 1976, as amended at 42 FR 14091, 
Mar. 15, 1977; 60 FR 38480, July 27, 1995]  
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TITLE 21--FOOD AND DRUGS 
 

CHAPTER I--FOOD AND DRUG ADMINISTRATION 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 

 

SUBCHAPTER E--ANIMAL DRUGS, FEEDS, AND RELATED 
PRODUCTS 

 

PART 502 -- COMMON OR USUAL NAMES FOR NONSTANDARDIZED ANIMAL 
FOODS  

Sec. 502.5 General principles.  

(a) The common or usual name of a food, which may be a 
coined term, shall accurately identify or describe, in as 
simple and direct terms as possible, the basic nature of 
the food or its characterizing properties or ingredients. 
The name shall be uniform among all identical or similar 
products and may not be confusingly similar to the name of 
any other food that is not reasonably encompassed within 
the same name. Each class or subclass of food shall be 
given its own common or usual name that states, in clear 
terms, what it is in a way that distinguishes it from 
different foods. 

(b) The common or usual name of a food shall include the 
percentage(s) of any characterizing ingredient(s) or 
component(s) when the proportion of such ingredient(s) or 
component(s) in the food has a material bearing on price 
or consumer acceptance or when the labeling or the 
appearance of the food may otherwise create an erroneous 
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impression that such ingredient(s) or component(s) is 
present in an amount greater than is actually the case. 
The following requirements shall apply unless modified by 
a specific regulation in this part. 

(1) The percentage of a characterizing ingredient or 
component shall be declared on the basis of its quantity 
in the finished product (i.e., weight/weight in the case 
of solids, or volume/volume in the case of liquids). 

(2) The percentage of a characterizing ingredient or 
component shall be declared by the words "containing (or 
contains) __ percent (or %) __" or "__ percent (or %) __" 
with the first blank filled in with the percentage 
expressed as a whole number not greater than the actual 
percentage of the ingredient or component named and the 
second blank filled in with the common or usual name of 
the ingredient or component. The word "containing" (or 
"contains"), when used, shall appear on a line immediately 
below the part of the common or usual name of the food 
required by paragraph (a) of this section. For each 
characterizing ingredient or component, the words "__ 
percent (or %) __"shall appear following or directly below 
the word "containing" (or "contains"), or directly below 
the part of the common or usual name of the food required 
by paragraph (a) of this section when the word 
"containing" (or "contains") is not used, in easily 
legible boldface print or type in distinct contrast to 
other printed or graphic matter, and in a height not less 
than the larger of the following alternatives: 

(i) Not less than one-sixteenth inch in height on packages 
having a principal display panel with an area of 5 square 
inches or less and not less than one-eighth inch in height 
if the area of the principal display panel is greater than 
5 square inches; or 

(ii) Not less than one-half the height of the largest type 
appearing in the part of the common or usual name of the 
food required by paragraph (a) of this section. 

(c) The common or usual name of a food shall include a 
statement of the presence or absence of any characterizing 
ingredient(s) or component(s) and/or the need for the user 
to add any characterizing ingredient(s) or component(s) 
when the presence or absence of such ingredient(s) or 
component(s) in the food has a material bearing on price 
or consumer acceptance or when the labeling or the 
appearance of the food may otherwise create an erroneous 
impression that such ingredient(s) or component(s) is 
present when it is not, and consumers may otherwise be 
misled about the presence or absence of the ingredient(s) 
or component(s) in the food. The following requirements 



shall apply unless modified by a specific regulation in 
this part. 

(1) The presence or absence of a characterizing ingredient 
or component shall be declared by the words "containing 
(or contains) ____" or "containing (or contains) _____" or 
"no _____" or "does not contain _____", with the blank 
being filled in with the common or usual name of the 
ingredient or component. 

(2) The need for the user of a food to add any 
characterizing ingredient(s) or component(s) shall be 
declared by an appropriate informative statement. 

(3) The statement(s) required under paragraph (c) (1) 
and/or (2) of this section shall appear following or 
directly below the part of the common or usual name of the 
food required by paragraphs (a) and (b) of this section, 
in easily legible boldface print or type in distinct 
contrast to other printed or graphic matter, and in a 
height not less than the larger of the alternatives 
established under paragraph (b)(2) (i) and (ii) of this 
section. 

(d) A common or usual name of a food may be established by 
common usage or by establishment of a regulation in this 
part, in a standard of identity, or in other regulations 
in this chapter. 

[41 FR 38627, Sept. 10, 1976. Redesignated at 42 FR 14091, 
Mar. 15, 1977]  
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(a) Energy sources. Ionizing radiation 
is limited to gamma rays from sealed 
units of cobalt-60. 

(b) Limitation. The ionizing radiation 
is used for feed or feed ingredients that 
do not contain drugs. 

(c) Use. Ionizing radiation is used as 
a single treatment for rendering com-
plete poultry diets or poultry feed in-
gredients salmonella negative as fol-
lows: 

(1) Minimum dose 2.0 kiloGrays (kGy) 
(0.2 megarad (Mrad)); maximum dose 25 
kGy (2.5 megarads Mrad). The absorbed 
dose of irradiation is to be based on ini-
tial concentration of salmonella using 
the relationship that 1.0 kGy (0.1 Mrad) 
reduces salmonella concentration by 
one log cycle (one decimal reduction). 

(2) Feeds treated by irradiation 
should be formulated to account for 
nutritional loss. 

(3) If an irradiated feed ingredient is 
less than 5 percent of the final product, 
the final product can be irradiated 
without being considered to be re-
irradiated. 

[60 FR 50099, Sept. 28, 1995] 

PART 582—SUBSTANCES 
GENERALLY RECOGNIZED AS SAFE 

Subpart A—General Provisions 

Sec. 
582.1 Substances that are generally recog-

nized as safe. 
582.10 Spices and other natural seasonings 

and flavorings. 
582.20 Essential oils, oleoresins (solvent- 

free), and natural extractives (including 
distillates). 

582.30 Natural substances used in conjunc-
tion with spices and other natural 
seasonings and flavorings. 

582.40 Natural extractives (solvent-free) 
used in conjunction with spices, 
seasonings, and flavorings. 

582.50 Certain other spices, seasonings, es-
sential oils, oleoresins, and natural ex-
tracts. 

582.60 Synthetic flavoring substances and 
adjuvants. 

582.80 Trace minerals added to animal feeds. 
582.99 Adjuvants for pesticide chemicals. 

Subpart B—General Purpose Food 
Additives 

582.1005 Acetic acid. 
582.1009 Adipic acid. 
582.1033 Citric acid. 

582.1057 Hydrochloric acid. 
582.1061 Lactic acid. 
582.1069 Malic acid. 
582.1073 Phosphoric acid. 
582.1077 Potassium acid tartrate. 
582.1087 Sodium acid pyrophosphate. 
582.1091 Succinic acid. 
582.1095 Sulfuric acid. 
582.1099 Tartaric acid. 
582.1125 Aluminum sulfate. 
582.1127 Aluminum ammonium sulfate. 
582.1129 Aluminum potassium sulfate. 
582.1131 Aluminum sodium sulfate. 
582.1135 Ammonium bicarbonate. 
582.1137 Ammonium carbonate. 
582.1139 Ammonium hydroxide. 
582.1141 Ammonium phosphate. 
582.1143 Ammonium sulfate. 
582.1155 Bentonite. 
582.1165 Butane. 
582.1191 Calcium carbonate. 
582.1193 Calcium chloride. 
582.1195 Calcium citrate. 
582.1199 Calcium gluconate. 
582.1205 Calcium hydroxide. 
582.1207 Calcium lactate. 
582.1210 Calcium oxide. 
582.1217 Calcium phosphate. 
582.1235 Caramel. 
582.1240 Carbon dioxide. 
582.1275 Dextrans. 
582.1320 Glycerin. 
582.1324 Glyceryl monostearate. 
582.1355 Helium. 
582.1366 Hydrogen peroxide. 
582.1400 Lecithin. 
582.1425 Magnesium carbonate. 
582.1428 Magnesium hydroxide. 
582.1431 Magnesium oxide. 
582.1480 Methylcellulose. 
582.1500 Monoammonium glutamate. 
582.1516 Monopotassium glutamate. 
582.1540 Nitrogen. 
582.1585 Papain. 
582.1613 Potassium bicarbonate. 
582.1619 Potassium carbonate. 
582.1625 Potassium citrate. 
582.1631 Potassium hydroxide. 
582.1643 Potassium sulfate. 
582.1655 Propane. 
582.1666 Propylene glycol. 
582.1685 Rennet. 
582.1711 Silica aerogel. 
582.1721 Sodium acetate. 
582.1736 Sodium bicarbonate. 
582.1742 Sodium carbonate. 
582.1745 Sodium carboxymethylcellulose. 
582.1748 Sodium caseinate. 
582.1751 Sodium citrate. 
582.1763 Sodium hydroxide. 
582.1775 Sodium pectinate. 
582.1778 Sodium phosphate. 
582.1781 Sodium aluminum phosphate. 
582.1792 Sodium sesquicarbonate. 
582.1804 Sodium potassium tartrate. 
582.1810 Sodium tripolyphosphate. 
582.1901 Triacetin. 
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582.1973 Beeswax. 
582.1975 Bleached beeswax. 
582.1978 Carnauba wax. 

Subpart C—Anticaking Agents 

582.2122 Aluminum calcium silicate. 
582.2227 Calcium silicate. 
582.2437 Magnesium silicate. 
582.2727 Sodium aluminosilicate. 
582.2729 Hydrated sodium calcium 

aluminosilicate. 
582.2906 Tricalcium silicate. 

Subpart D—Chemical Preservatives 

582.3013 Ascorbic acid. 
582.3021 Benzoic acid. 
582.3041 Erythorbic acid. 
582.3081 Propionic acid. 
582.3089 Sorbic acid. 
582.3109 Thiodipropionic acid. 
582.3149 Ascorbyl palmitate. 
582.3169 Butylated hydroxyanisole. 
582.3173 Butylated hydroxytoluene. 
582.3189 Calcium ascorbate. 
582.3221 Calcium propionate. 
582.3225 Calcium sorbate. 
582.3280 Dilauryl thiodipropionate. 
582.3336 Gum guaiac. 
582.3490 Methylparaben. 
582.3616 Potassium bisulfite. 
582.3637 Potassium metabisulfite. 
582.3640 Potassium sorbate. 
582.3660 Propyl gallate. 
582.3670 Propylparaben. 
582.3731 Sodium ascorbate. 
582.3733 Sodium benzoate. 
582.3739 Sodium bisulfite. 
582.3766 Sodium metabisulfite. 
582.3784 Sodium propionate. 
582.3795 Sodium sorbate. 
582.3798 Sodium sulfite. 
582.3845 Stannous chloride. 
582.3862 Sulfur dioxide. 
582.3890 Tocopherols. 

Subpart E—Emulsifying Agents 

582.4101 Diacetyl tartaric acid esters of 
mono- and diglycerides of edible fats or 
oils, or edible fat-forming fatty acids. 

582.4505 Mono- and diglycerides of edible 
fats or oils, or edible fat-forming acids. 

582.4521 Monosodium phosphate derivatives 
of mono- and diglycerides of edible fats 
or oils, or edible fat-forming fatty acids. 

582.4666 Propylene glycol. 

Subpart F—Nutrients and/or Dietary 
Supplements 

582.5013 Ascorbic acid. 
582.5017 Aspartic acid. 
582.5049 Aminoacetic acid. 
582.5065 Linoleic acid. 
582.5118 Alanine. 
582.5145 Arginine. 

582.5159 Biotin. 
582.5191 Calcium carbonate. 
582.5195 Calcium citrate. 
582.5201 Calcium glycerophosphate. 
582.5210 Calcium oxide. 
582.5212 Calcium pantothenate. 
582.5217 Calcium phosphate. 
582.5223 Calcium pyrophosphate. 
582.5230 Calcium sulfate. 
582.5245 Carotene. 
582.5250 Choline bitartrate. 
582.5252 Choline chloride. 
582.5260 Copper gluconate. 
582.5271 Cysteine. 
582.5273 Cystine. 
582.5301 Ferric phosphate. 
582.5304 Ferric pyrophosphate. 
582.5306 Ferric sodium pyrophosphate. 
582.5308 Ferrous gluconate. 
582.5311 Ferrous lactate. 
582.5315 Ferrous sulfate. 
582.5361 Histidine. 
582.5370 Inositol. 
582.5375 Iron reduced. 
582.5381 Isoleucine. 
582.5406 Leucine. 
582.5411 Lysine. 
582.5431 Magnesium oxide. 
582.5434 Magnesium phosphate. 
582.5443 Magnesium sulfate. 
582.5446 Manganese chloride. 
582.5449 Manganese citrate. 
582.5452 Manganese gluconate. 
582.5455 Manganese glycerophosphate. 
582.5458 Manganese hypophosphite. 
582.5461 Manganese sulfate. 
582.5464 Manganous oxide. 
582.5470 Mannitol. 
582.5475 Methionine. 
582.5477 Methionine hydroxy analog and its 

calcium salts. 
582.5530 Niacin. 
582.5535 Niacinamide. 
582.5580 D-Pantothenyl alcohol. 
582.5590 Phenylalanine. 
582.5622 Potassium chloride. 
582.5628 Potassium glycerophosphate. 
582.5634 Potassium iodide. 
582.5650 Proline. 
582.5676 Pyridoxine hydrochloride. 
582.5695 Riboflavin. 
582.5697 Riboflavin-5-phosphate. 
582.5701 Serine. 
582.5772 Sodium pantothenate. 
582.5778 Sodium phosphate. 
582.5835 Sorbitol. 
582.5875 Thiamine hydrochloride. 
582.5878 Thiamine mononitrate. 
582.5881 Threonine. 
582.5890 Tocopherols. 
582.5892 a-Tocopherol acetate. 
582.5915 Tryptophane. 
582.5920 Tyrosine. 
582.5925 Valine. 
582.5930 Vitamin A. 
582.5933 Vitamin A acetate. 
582.5936 Vitamin A palmitate. 
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582.5945 Vitamin B12. 
582.5950 Vitamin D2. 
582.5953 Vitamin D3. 
582.5985 Zinc chloride. 
582.5988 Zinc gluconate. 
582.5991 Zinc oxide. 
582.5994 Zinc stearate. 
582.5997 Zinc sulfate. 

Subpart G—Sequestrants 

582.6033 Citric acid. 
582.6085 Sodium acid phosphate. 
582.6099 Tartaric acid. 
582.6185 Calcium acetate. 
582.6193 Calcium chloride. 
582.6195 Calcium citrate. 
582.6197 Calcium diacetate. 
582.6199 Calcium gluconate. 
582.6203 Calcium hexametaphosphate. 
582.6215 Monobasic calcium phosphate. 
582.6219 Calcium phytate. 
582.6285 Dipotassium phosphate. 
582.6290 Disodium phosphate. 
582.6386 Isopropyl citrate. 
582.6511 Monoisopropyl citrate. 
582.6625 Potassium citrate. 
582.6751 Sodium citrate. 
582.6754 Sodium diacetate. 
582.6757 Sodium gluconate. 
582.6760 Sodium hexametaphosphate. 
582.6769 Sodium metaphosphate. 
582.6778 Sodium phosphate. 
582.6787 Sodium pyrophosphate. 
582.6789 Tetra sodium pyrophosphate. 
582.6801 Sodium tartrate. 
582.6804 Sodium potassium tartrate. 
582.6807 Sodium thiosulfate. 
582.6810 Sodium tripolyphosphate. 
582.6851 Stearyl citrate. 

Subpart H—Stabilizers 

582.7115 Agar-agar. 
582.7133 Ammonium alginate. 
582.7187 Calcium alginate. 
582.7255 Chondrus extract. 
582.7330 Gum arabic. 
582.7333 Gum ghatti. 
582.7339 Guar gum. 
582.7343 Locust bean gum. 
582.7349 Sterculia gum. 
582.7351 Gum tragacanth. 
582.7610 Potassium alginate. 
582.7724 Sodium alginate. 

AUTHORITY: 21 U.S.C. 321, 342, 348, 371. 

SOURCE: 41 FR 38657, Sept. 10, 1976, unless 
otherwise noted. 

Subpart A—General Provisions 

§ 582.1 Substances that are generally 
recognized as safe. 

(a) It is impracticable to list all sub-
stances that are generally recognized 

as safe for their intended use. However, 
by way of illustration, the Commis-
sioner regards such common food in-
gredients as salt, pepper, sugar, vin-
egar, baking powder, and monosodium 
glutamate as safe for their intended 
use. The lists in subparts B through H 
of this part include additional sub-
stances that, when used for the pur-
poses indicated, in accordance with 
good manufacturing or feeding prac-
tice, are regarded by the Commissioner 
as generally recognized as safe for such 
uses. 

(b) For the purposes of this section, 
good manufacturing or feeding practice 
shall be defined to include the fol-
lowing restrictions: 

(1) The quantity of a substance added 
to animal food does not exceed the 
amount reasonably required to accom-
plish its intended physical, nutritional, 
or other technical effect in food; and 

(2) The quantity of a substance that 
becomes a component of animal food as 
a result of its use in the manufac-
turing, processing, or packaging of 
food, and which is not intended to ac-
complish any physical or other tech-
nical effect in the food itself, shall be 
reduced to the extent reasonably pos-
sible. 

(3) The substance is of appropriate 
grade and is prepared and handled as a 
food ingredient. Upon request the Com-
missioner will offer an opinion, based 
on specifications and intended use, as 
to whether or not a particular grade or 
lot of the substance is of suitable pu-
rity for use in food and would generally 
be regarded as safe for the purpose in-
tended, by experts qualified to evaluate 
its safety. 

(c) The inclusion of substances in the 
list of nutrients does not constitute a 
finding on the part of the Department 
that the substance is useful as a sup-
plement to the diet for animals. 

(d) Substances that are generally rec-
ognized as safe for their intended use 
within the meaning of section 409 of 
the Act are listed in subparts B 
through H of this part. When the status 
of a substance has been reevaluated 
and affirmed as GRAS or deleted from 
subparts B through H of this part, an 
appropriate explanation will be noted, 
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e.g., ‘‘affirmed as GRAS,’’ ‘‘food addi-
tive regulation,’’ ‘‘interim food addi-
tive regulation,’’ or ‘‘prohibited from 
use in food,’’ with a reference to the 
appropriate new regulation. Such nota-
tion will apply only to the specific use 
covered by the review, e.g., direct ani-
mal food use and/or indirect animal 
food use and/or animal feed use and 
will not affect its status for other uses 
not specified in the referenced regula-

tion, pending a specific review of such 
other uses. 

§ 582.10 Spices and other natural 
seasonings and flavorings. 

Spices and other natural seasonings 
and flavorings that are generally rec-
ognized as safe for their intended use, 
within the meaning of section 409 of 
the act, are as follows: 

Common name Botanical name of plant source 

Alfalfa herb and seed .................................................................. Medicago sativa L. 
Allspice ........................................................................................ Pimenta officinalis Lindl. 
Ambrette seed ............................................................................. Hibiscus abelmoschus L. 
Angelica ....................................................................................... Angelica archangelica L. or other spp. of Angelica. 
Angelica root ................................................................................ Do. 
Angelica seed .............................................................................. Do. 
Angostura (cusparia bark) ........................................................... Galipea officinalis Hancock. 
Anise ............................................................................................ Pimpinella anisum L. 
Anise, star .................................................................................... Illicium verum Hook. f. 
Balm (lemon balm) ...................................................................... Melissa officinalis L. 
Basil, bush ................................................................................... Ocimum minimum L. 
Basil, sweet ................................................................................. Ocimum basilicum L. 
Bay ............................................................................................... Laurus nobilis L. 
Calendula ..................................................................................... Calendula officinalis L. 
Camomile (chamomile), English or Roman ................................ Anthemis nobilis L. 
Camomile (chamomile), German or Hungarian .......................... Matricaria chamomilla L. 
Capers ......................................................................................... Capparis spinosa L. 
Capsicum ..................................................................................... Capsicum frutescens L. or Capsicum annuum L. 
Caraway ....................................................................................... Carum carvi L. 
Caraway, black (black cumin) ..................................................... Nigella sativa L. 
Cardamom (cardamon) ............................................................... Elettaria cardamomum Maton. 
Cassia, Chinese .......................................................................... Cinnamomum cassia Blume. 
Cassia, Padang or Batavia .......................................................... Cinnamomum burmanni Blume. 
Cassia, Saigon ............................................................................ Cinnamomum loureirii Nees. 
Cayenne pepper .......................................................................... Capsicum frutescens L. or Capsicum annuum L. 
Celery seed ................................................................................. Apium graveolens L. 
Chervil .......................................................................................... Anthriscus cerefolium (L.) Hoffm. 
Chives .......................................................................................... Allium schoenoprasum L. 
Cinnamon, Ceylon ....................................................................... Cinnamomum zeylanicum Nees. 
Cinnamon, Chinese ..................................................................... Cinnamomum cassia Blume. 
Cinnamon, Saigon ....................................................................... Cinnamomum loureirii Nees. 
Clary (clary sage) ........................................................................ Salvia sclarea L. 
Clover .......................................................................................... Trifolium spp. 
Cloves .......................................................................................... Eugenia caryophyllata Thunb. 
Coriander ..................................................................................... Coriandrum sativum L. 
Cumin (cummin) .......................................................................... Cuminum cyminum L. 
Cumin, black (black caraway) ..................................................... Nigella sativa L. 
Dill ................................................................................................ Anethum graveolens L. 
Elder flowers ................................................................................ Sambucus canadensis L. 
Fennel, common .......................................................................... Foeniculum vulgare Mill. 
Fennel, sweet (finocchio, Florence fennel) ................................. Foeniculum vulgare Mill. var. duice (DC.) Alex. 
Fenugreek .................................................................................... Trigonella foenum-graecum L. 
Galanga (galangal) ...................................................................... Alpina officinarum Hance. 
Garlic ........................................................................................... Allium sativum L. 
Geranium ..................................................................................... Pelargonium spp. 
Ginger .......................................................................................... Zingiber officinale Rosc. 
Glycyrrhiza ................................................................................... Glycyrrhiza glabra L. and other spp. of Glycyrrhiza. 
Grains of paradise ....................................................................... Amomum melegueta Rosc. 
Horehound (hoarhound) .............................................................. Marrubium vulgare L. 
Horseradish ................................................................................. Armoracia lapathifolia Gilib. 
Hyssop ......................................................................................... Hyssopus officinalis L. 
Lavender ...................................................................................... Lavandula officinalis Chaix. 
Licorice ........................................................................................ Glycyrrhiza glabra L. and other spp. of Glycyrrhiza. 
Linden flowers ............................................................................. Tilia spp. 
Mace ............................................................................................ Myristica fragrans Houtt. 
Marigold, pot ................................................................................ Calendula officinalis L. 
Marjoram, pot .............................................................................. Majorana onites (L.) Benth. 
Marjoram, sweet .......................................................................... Majorana hortensis Moench. 
Mustard, black or brown .............................................................. Brassica nigra (L.) Koch. 
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Common name Botanical name of plant source 

Mustard, brown ............................................................................ Brassica juncea (L.) Coss. 
Mustard, white or yellow .............................................................. Brassica hirta Moench. 
Nutmeg ........................................................................................ Myristica fragrans Houtt. 
Oregano (oreganum, Mexican oregano, Mexican sage, origan) Lippia spp. 
Paprika ......................................................................................... Capsicum annuum L. 
Parsley ......................................................................................... Petroselinum crispum (Mill.) Mansf. 
Pepper, black ............................................................................... Piper nigrum L. 
Pepper, cayenne ......................................................................... Capsicum frutescens L. or Capsicum annuum L. 
Pepper, red .................................................................................. Do. 
Pepper, white ............................................................................... Piper nigrum L. 
Peppermint .................................................................................. Mentha piperita L. 
Poppy seed .................................................................................. Papaver somniferum L. 
Pot marigold ................................................................................ Calendula officinalis L. 
Pot marjoram ............................................................................... Majorana onites (L.) Benth. 
Rosemary .................................................................................... Rosmarinus officinalis L. 
Rue .............................................................................................. Ruta graveolens L. 
Saffron ......................................................................................... Crocus sativus L. 
Sage ............................................................................................ Salvia officinalis L. 
Sage, Greek ................................................................................ Salvia triloba L. 
Savory, summer .......................................................................... Satureia hortensis L. (Satureja). 
Savory, winter .............................................................................. Satureia montana L. (Satureja). 
Sesame ........................................................................................ Sesamum indicum L. 
Spearmint .................................................................................... Mentha spicata L. 
Star anise .................................................................................... Illicium verum Hook. f. 
Tarragon ...................................................................................... Artemisia dracunculus L. 
Thyme .......................................................................................... Thymus vulgaris L. 
Thyme, wild or creeping .............................................................. Thymus serpyllum L. 
Turmeric ....................................................................................... Curcuma longa L. 
Vanilla .......................................................................................... Vanilla planifolia Andr. or Vanilla tahitensis J. W. Moore. 
Zedoary ........................................................................................ Curcuma zedoaria Rosc. 

§ 582.20 Essential oils, oleoresins (sol-
vent-free), and natural extractives 
(including distillates). 

Essential oils, oleoresins (solvent- 
free), and natural extractives (includ-

ing distillates) that are generally rec-
ognized as safe for their intended use, 
within the meaning of section 409 of 
the act, are as follows: 

Common name Botanical name of plant source 

Alfalfa ........................................................................................... Medicago sativa L. 
Allspice ........................................................................................ Pimenta officinalis Lindl. 
Almond, bitter (free from prussic acid) ........................................ Prunus amygdalus Batsch, Prunus armeniaca L. or Prunus 

persica (L.) Batsch. 
Ambrette (seed) ........................................................................... Hibiscus moschatus Moench. 
Angelica root ................................................................................ Angelica archangelica L. 
Angelica seed .............................................................................. Do. 
Angelica stem .............................................................................. Do. 
Angostura (cusparia bark) ........................................................... Galipea officinalis Hancock. 
Anise ............................................................................................ Pimpinella anisum L. 
Asafetida ...................................................................................... Ferula assa-foetida L. and related spp. of Ferula. 
Balm (lemon balm) ...................................................................... Melissa officinalis L. 
Balsam of Peru ............................................................................ Myroxylon pereirae Klotzsch. 
Basil ............................................................................................. Ocimum basilicum L. 
Bay leaves ................................................................................... Laurus nobilis L. 
Bay (myrcia oil) ............................................................................ Pimenta racemosa (Mill.) J. W. Moore. 
Bergamot (bergamot orange) ...................................................... Citrus aurantium L. subsp. bergamia Wright et Arn. 
Bitter almond (free from prussic acid) ......................................... Prunus amygdalus Batsch, Prunus armeniaca L., or Prunus 

persica (L.) Batsch. 
Bois de rose ................................................................................ Aniba rosaeodora Ducke. 
Cacao .......................................................................................... Theobroma cacao L. 
Camomile (chamomile) flowers, Hungarian ................................ Matricaria chamomilla L. 
Camomile (chamomile) flowers, Roman or English .................... Anthemis nobilis L. 
Cananga ...................................................................................... Cananga odorata Hook. f. and Thoms. 
Capsicum ..................................................................................... Capsicum frutescens L. and Capsicum annuum L. 
Caraway ....................................................................................... Carum carvi L. 
Cardamom seed (cardamon) ...................................................... Elettaria cardamomum Maton. 
Carob bean .................................................................................. Ceratonia siliqua L. 
Carrot ........................................................................................... Daucus carota L. 
Cascarilla bark ............................................................................. Croton eluteria Benn. 
Cassia bark, Chinese .................................................................. Cinnamomum cassia Blume. 
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Common name Botanical name of plant source 

Cassia bark, Padang or Batavia ................................................. Cinnamomum burmanni Blume. 
Cassia bark, Saigon .................................................................... Cinnamomum loureirii Nees. 
Celery seed ................................................................................. Apium graveolens L. 
Cherry, wild, bark ........................................................................ Prunus serotina Ehrh. 
Chervil .......................................................................................... Anthriscus cerefolium (L.) Hoffm. 
Chicory ......................................................................................... Cichorium intybus L. 
Cinnamon bark, Ceylon ............................................................... Cinnamomum zeylanicum Nees. 
Cinnamon bark, Chinese ............................................................. Cinnamomum cassia Blume. 
Cinnamon bark, Saigon ............................................................... Cinnamomum loureirii Nees. 
Cinnamon leaf, Ceylon ................................................................ Cinnamomum zeylanicum Nees. 
Cinnamon leaf, Chinese .............................................................. Cinnamomum cassia Blume. 
Cinnamon leaf, Saigon ................................................................ Cinnamomum loureirii Nees. 
Citronella ...................................................................................... Cymbopogon nardus Rendle. 
Citrus peels .................................................................................. Citrus spp. 
Clary (clary sage) ........................................................................ Salvia sclarea L. 
Clove bud .................................................................................... Eugenia caryophyllata Thunb. 
Clove leaf ..................................................................................... Do. 
Clove stem ................................................................................... Do. 
Clover .......................................................................................... Trifolium spp. 
Coca (decocainized) .................................................................... Erythroxylum coca Lam. and other spp. of Erythroxylum. 
Coffee .......................................................................................... Coffea spp. 
Cola nut ....................................................................................... Cola acuminata Schott and Endl., and other spp. of Cola. 
Coriander ..................................................................................... Coriandrum sativum L. 
Corn silk ....................................................................................... Zea mays L. 
Cumin (cummin) .......................................................................... Cuminum cyminum L. 
Curacao orange peel (orange, bitter peel) .................................. Citrus aurantium L. 
Cusparia bark .............................................................................. Galipea officinalis Hancock. 
Dandelion ..................................................................................... Taraxacum officinale Weber and T. laevigatum DC. 
Dandelion root ............................................................................. Do. 
Dill ................................................................................................ Anethum graveolens L. 
Dog grass (quackgrass, triticum) ................................................ Agropyron repens (L.) Beauv. 
Elder flowers ................................................................................ Sambucus canadensis L. and S. nigra L. 
Estragole (esdragol, esdragon, tarragon) ................................... Artemisia dracunculus L. 
Estragon (tarragon) ..................................................................... Do. 
Fennel, sweet .............................................................................. Foeniculum vulgare Mill. 
Fenugreek .................................................................................... Trigonella foenum-graecum L. 
Galanga (galangal) ...................................................................... Alpinia officinarum Hance. 
Garlic ........................................................................................... Allium sativum L. 
Geranium ..................................................................................... Pelargonium spp. 
Geranium, East Indian ................................................................. Cymbopogon martini Stapf. 
Geranium, rose ............................................................................ Pelargonium graveolens L’Her. 
Ginger .......................................................................................... Zingiber officinale Rosc. 
Glycyrrhiza ................................................................................... Glycyrrhiza glabra L. and other spp. of Glycyrrhiza. 
Glycyrrhizin, ammoniated ............................................................ Do. 
Grapefruit ..................................................................................... Citrus paradisi Macf. 
Guava .......................................................................................... Psidium spp. 
Hickory bark ................................................................................. Carya spp. 
Horehound (hoarhound) .............................................................. Marrubium vulgare L. 
Hops ............................................................................................ Humulus lupulus L. 
Horsemint .................................................................................... Monarda punctata L. 
Hyssop ......................................................................................... Hyssopus officinalis L. 
Immortelle .................................................................................... Helichrysum augustifolium DC. 
Jasmine ....................................................................................... Jaminum officinale L. and other spp. of Jasminum. 
Juniper (berries) .......................................................................... Juniperus communis L. 
Kola nut ....................................................................................... Cola acuminata Schott and Endl., and other spp. of Cola. 
Laurel berries ............................................................................... Laurus nobilis L. 
Laurel leaves ............................................................................... Laurus spp. 
Lavender ...................................................................................... Lavandula officinalis Chaix. 
Lavender, spike ........................................................................... Lavandula latifolia Vill. 
Lavandin ...................................................................................... Hybrids between Lavandula officinalis Chaix and Lavandula 

latifolin Vill. 
Lemon .......................................................................................... Citrus limon (L.) Burm. f. 
Lemon balm (see balm). 
Lemon grass ................................................................................ Cymbopogon citratus DC. and Cymbopogon flexuosus Stapf. 
Lemon peel .................................................................................. Citrus limon (L.) Burm. f. 
Licorice ........................................................................................ Glycyrrhiza glabra L. and other spp. of Glycyrrhiza. 
Lime ............................................................................................. Citrus aurantifolia Swingle. 
Linden flowers ............................................................................. Tilia spp. 
Locust bean ................................................................................. Ceratonia siliqua L. 
Lupulin ......................................................................................... Humulus lupulus L. 
Mace ............................................................................................ Myristica fragrans Houtt. 
Malt (extract) ................................................................................ Hordeum vulgare L., or other grains. 
Mandarin ...................................................................................... Citrus reticulata Blanco. 
Marjoram, sweet .......................................................................... Majorana hortensis Moench. 
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Mate 1 .......................................................................................... Ilex paraguariensis St. Hil. 
Melissa (see balm). 
Menthol ........................................................................................ Mentha spp. 
Menthyl acetate ........................................................................... Do. 
Molasses (extract) ....................................................................... Saccharum officinarum L. 
Mustard ........................................................................................ Brassica spp. 
Naringin ....................................................................................... Citrus paradisi Macf. 
Neroli, bigarade ........................................................................... Citrus aurantium L. 
Nutmeg ........................................................................................ Myristica fragrans Houtt. 
Onion ........................................................................................... Allium cepa L. 
Orange, bitter, flowers ................................................................. Citrus aurantium L. 
Orange, bitter, peel ...................................................................... Do. 
Orange leaf .................................................................................. Citrus sinensis (L.) Osbeck. 
Orange, sweet ............................................................................. Do. 
Orange, sweet, flowers ................................................................ Do. 
Orange, sweet, peel .................................................................... Do. 
Origanum ..................................................................................... Origanum spp. 
Palmarosa .................................................................................... Cymbopogon martini Stapf. 
Paprika ......................................................................................... Capsicum annuum L. 
Parsley ......................................................................................... Petroselinum crispum (Mill.) Mansf. 
Pepper, black ............................................................................... Piper nigrum L. 
Pepper, white ............................................................................... Piper nigrum L. 
Peppermint .................................................................................. Mentha piperita L. 
Peruvian balsam .......................................................................... Myroxylon pereirae Klotzsch. 
Petitgrain ...................................................................................... Citrus aurantium L. 
Petitgrain lemon ........................................................................... Citrus limon (L.) Burm. f. 
Petitgrain mandarin or tangerine ................................................. Citrus reticulata Blanco. 
Pimenta ........................................................................................ Pimenta officinalis Lindl. 
Pimenta leaf ................................................................................. Primenta officinalis Lindl. 
Pipsissewa leaves ....................................................................... Chimaphila umbellata Nutt. 
Pomegranate ............................................................................... Punica granatum L. 
Prickly ash bark ........................................................................... Xanthoxylum (or Zanthoxylum) Americanum Mill. or 

Xanthoxylum clava-herculis L. 
Rose absolute .............................................................................. Rosa alba L., Rosa centifolia L., Rosa damascena Mill., Rosa 

gallica L., and vars. of these spp. 
Rose (otto of roses, attar of roses) ............................................. Do. 
Rose buds ................................................................................... Do. 
Rose flowers ................................................................................ Do. 
Rose fruit (hips) ........................................................................... Do. 
Rose geranium ............................................................................ Pelargonium graveolens L’Her. 
Rose leaves ................................................................................. Rosa spp. 
Rosemary .................................................................................... Rosmarinus officinalis L. 
Rue .............................................................................................. Ruta graveolens L. 
Saffron ......................................................................................... Crocus sativus L. 
Sage ............................................................................................ Salvia officinalis L. 
Sage, Greek ................................................................................ Salvia triloba L. 
Sage, Spanish ............................................................................. Salvia lavandulaefolia Vahl. 
St. John’s bread .......................................................................... Ceratonia siliqua L. 
Savory, summer .......................................................................... Satureia hortensis L. 
Savory, winter .............................................................................. Satureia montana L. 
Schinus molle .............................................................................. Schinus molle L. 
Sloe berries (blackthorn berries) ................................................. Prunus spinosa L. 
Spearmint .................................................................................... Mentha spicata L. 
Spike lavender ............................................................................. Lavandula latifolia Vill. 
Tamarind ...................................................................................... Tamarindus indica L. 
Tangerine ..................................................................................... Citrus reticulata Blanco. 
Tannic acid .................................................................................. Nutgalls of Quercus infectoria Oliver and related spp. of 

Quercus. Also in many other plants. 
Tarragon ...................................................................................... Artemisia dracunculus L. 
Tea ............................................................................................... Thea sinensis L. 
Thyme .......................................................................................... Thymus vulgaris L. and Thymus zygis var. gracilis Boiss. 
Thyme, white ............................................................................... Do. 
Thyme, wild or creeping .............................................................. Thymus serpyllum L. 
Triticum (see dog grass). 
Tuberose ...................................................................................... Polianthes tuberosa L. 
Turmeric ....................................................................................... Curcuma longa L. 
Vanilla .......................................................................................... Vanilla planifolia Andr. or Vanilla tahitensis J. W. Moore. 
Violet flowers ............................................................................... Viola odorata L. 
Violet leaves ................................................................................ Do. 
Violet leaves absolute ................................................................. Do. 
Wild cherry bark .......................................................................... Prunus serotina Ehrh. 
Ylang-ylang .................................................................................. Cananga odorata Hook. f. and Thoms. 
Zedoary bark ............................................................................... Curcuma zedoaria Rosc. 
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§ 582.30 Natural substances used in 
conjunction with spices and other 
natural seasonings and flavorings. 

Natural substances used in conjunc-
tion with spices and other natural 

seasonings and flavorings that are gen-
erally recognized as safe for their in-
tended use, within the meaning of sec-
tion 409 of the act, are as follows: 

Common name Botanical name of plant source 

Algae, brown (kelp) ..................................................................... Laminaria spp. and Nereocystis spp. 
Algae, red .................................................................................... Porphyra spp. and Rhodymenia palmata (L.) Grev. 
Dulse ............................................................................................ Rhodymenia palmata (L.) 

§ 582.40 Natural extractives (solvent- 
free) used in conjunction with 
spices, seasonings, and flavorings. 

Natural extractives (solvent-free) 
used in conjunction with spices, 

seasonings, and flavorings that are 
generally recognized as safe for their 
intended use, within the meaning of 
section 409 of the act, are as follows: 

Common name Botanical name of plant source 

Algae, brown ................................................................................ Laminaria spp. and Nereocystis spp. 
Algae, red .................................................................................... Porphyra spp. and Rhodymenia palmata (L.) Grev. 
Apricot kernel (persic oil) ............................................................. Prunus armeniaca L. 
Dulse ............................................................................................ Rhodymenia palmata (L.) Grev. 
Kelp (see algae, brown). 
Peach kernel (persic oil) .............................................................. Prunus persica Sieb. et Zucc. 
Peanut stearine ........................................................................... Arachis hypogaea L. 
Persic oil (see apricot kernel and peach kernel). 
Quince seed ................................................................................ Cydonia oblonga Miller. 

§ 582.50 Certain other spices, 
seasonings, essential oils, 
oleoresins, and natural extracts. 

Certain other spices, seasonings, es-
sential oils, oleoresins, and natural ex-

tracts that are generally recognized as 
safe for their intended use, within the 
meaning of section 409 of the act, are 
as follows: 

Common name Derivation 

Ambergris .................................................................................... Physeter macrocephalus L. 
Castoreum ................................................................................... Castor fiber L. and C. canadensis Kuhl. 
Civet (zibeth, zibet, zibetum) ....................................................... Civet cats, Viverra civetta Schreber and Viverra zibetha 

Schreber. 
Cognac oil, white and green ....................................................... Ethyl oenanthate, so-called. 
Musk (Tonquin musk) .................................................................. Musk deer, Moschus moschiferus L. 

§ 582.60 Synthetic flavoring substances 
and adjuvants. 

Synthetic flavoring substances and 
adjuvants that are generally recog-
nized as safe for their intended use, 
within the meaning of section 409 of 
the act, are as follows: 

Acetaldehyde (ethanal). 
Acetoin (acetyl methylcarbinol). 
Aconitic acid (equisetic acid, citridic acid, 

achilleic acid). 
Anethole (parapropenyl anisole). 
Benzaldehyde (benzoic aldehyde). 
N-Butyric acid (butanoic acid). 
d- or l-Carvone (carvol). 

Cinnamaldehyde (cinnamic aldehyde). 
Citral (2,6-dimethyloctadien-2,6-al-8, 

geranial, neral). 
Decanal (N-decylaldhehyde, capraldehyde, 

capric aldehyde, caprinaldehyde, aldehyde 
C-10). 

Diacetyl (2,3-butandeione). Ethyl acetate. 
Ethyl butyrate. 

3-Methyl-3-phenyl glycidic acid ethyl ester 
(ethyl-methyl-phenyl-glycidate, so-called 
strawberry aldehyde, C-16 aldehyde). 

Ethyl vanillin. 
Eugenol. 
Geranoil (3,7-dimethyl-2,6 and 3,6-octadien-1- 

ol). 
Geranyl acetate (geraniol acetate). 
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1 All substances listed may be in anhydrous 
or hydrated form. 

Glycerol (glyceryl) tributyrate (tributyrin, 
butyrin). 

Limonene (d-, l-, and dl-). 
Linalool (linalol, 3,7-dimethyl-1,6-octadien-3- 

ol). 
Linalyl acetate (bergamol). 
1-Malic acid. 
Methyl anthranilate (methyl-2- 

aminobenzoate). 
Piperonal (3,4-methylenedioxy-benzaldehyde, 

heliotropin). 
Vanillin. 

§ 582.80 Trace minerals added to ani-
mal feeds. 

These substances added to animal 
feeds as nutritional dietary supple-
ments are generally recognized as safe 
when added at levels consistent with 
good feeding practice. 1 

Element Source compounds 

Cobalt ........................ Cobalt acetate. 
Cobalt carbonate. 
Cobalt chloride. 
Cobalt oxide. 
Cobalt sulfate. 

Copper ....................... Copper carbonate. 
Copper chloride. 
Copper gluconate. 
Copper hydroxide. 
Copper orthophosphate. 
Copper oxide. 
Copper pyrophosphate. 
Copper sulfate. 

Iodine ......................... Calcium iodate. 
Calcium iodobehenate. 
Cuprous iodide. 
3,5-Diiodosalicylic acid. 
Ethylenediamine dihydroiodide. 
Potassium iodate. 
Potassium iodide. 
Sodium iodate. 
Sodium iodide. 
Thymol iodide. 

Iron ............................. Iron ammonium citrate. 
Iron carbonate. 
Iron chloride. 
Iron gluconate. 
Iron oxide. 
Iron phosphate. 
Iron pyrophosphate. 
Iron sulfate. 
Reduced iron. 

Manganese ................ Manganese acetate. 
Manganese carbonate. 
Manganese citrate (soluble). 
Manganese chloride. 
Manganese gluconate. 
Manganese orthophosphate. 
Manganese phosphate (dibasic). 
Manganese sulfate. 
Manganous oxide. 

Zinc ............................ Zinc acetate. 
Zinc carbonate. 
Zinc chloride. 
Zinc oxide. 
Zinc sulfate. 

§ 582.99 Adjuvants for pesticide chemi-
cals. 

Adjuvants, identified and used in ac-
cordance with 40 CFR 180.1001(c) and 
(d), which are added to pesticide use di-
lutions by a grower or applicator prior 
to application to the raw agricultural 
commodity, are exempt from the re-
quirement of tolerances under section 
409 of the act. 

Subpart B—General Purpose Food 
Additives 

§ 582.1005 Acetic acid. 
(a) Product. Acetic acid. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1009 Adipic acid. 
(a) Product. Adipic acid. 
(b) [Reserved] 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used as a buffer 
and neutralizing agent in accordance 
with good manufacturing or feeding 
practice. 

§ 582.1033 Citric acid. 
(a) Product. Citric acid. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1057 Hydrochloric acid. 
(a) Product. Hydrochloric acid. 
(b) [Reserved] 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used as a buffer 
and neutralizing agent in accordance 
with good manufacturing or feeding 
practice. 

§ 582.1061 Lactic acid. 
(a) Product. Lactic acid. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1069 Malic acid. 
(a) Product. Malic acid. 
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(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1073 Phosphoric acid. 
(a) Product. Phosphoric acid. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1077 Potassium acid tartrate. 
(a) Product. Potassium acid tartrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1087 Sodium acid pyrophosphate. 
(a) Product. Sodium acid 

pyrophosphate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1091 Succinic acid. 
(a) Product. Succinic acid. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1095 Sulfuric acid. 
(a) Product. Sulfuric acid. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1099 Tartaric acid. 
(a) Product. Tartaric acid. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1125 Aluminum sulfate. 
(a) Product. Aluminum sulfate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1127 Aluminum ammonium sul-
fate. 

(a) Product. Aluminum ammonium 
sulfate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1129 Aluminum potassium sul-
fate. 

(a) Product. Aluminum potassium sul-
fate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1131 Aluminum sodium sulfate. 

(a) Product. Aluminum sodium sul-
fate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1135 Ammonium bicarbonate. 

(a) Product. Ammonium bicarbonate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1137 Ammonium carbonate. 

(a) Product. Ammonium carbonate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1139 Ammonium hydroxide. 

(a) Product. Ammonium hydroxide. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1141 Ammonium phosphate. 

(a) Product. Ammonium phosphate 
(mono- and dibasic). 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1143 Ammonium sulfate. 

(a) Product. Ammonium sulfate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 
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§ 582.1155 Bentonite. 
(a) Product. Bentonite. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1165 Butane. 
(a) Product. Butane. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1191 Calcium carbonate. 
(a) Product. Calcium carbonate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1193 Calcium chloride. 
(a) Product. Calcium chloride. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1195 Calcium citrate. 
(a) Product. Calcium citrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1199 Calcium gluconate. 
(a) Product. Calcium gluconate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1205 Calcium hydroxide. 
(a) Product. Calcium hydroxide. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1207 Calcium lactate. 
(a) Product. Calcium lactate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1210 Calcium oxide. 
(a) Product. Calcium oxide. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1217 Calcium phosphate. 
(a) Product. Calcium phosphate 

(mono-, di-, and tribasic). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1235 Caramel. 
(a) Product. Caramel. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1240 Carbon dioxide. 
(a) Product. Carbon dioxide. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1275 Dextrans. 
(a) Product. Dextrans of average mo-

lecular weight below 100,000. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1320 Glycerin. 
(a) Product. Glycerin. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1324 Glyceryl monostearate. 
(a) Product. Glyceryl monostearate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1355 Helium. 
(a) Product. Helium. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1366 Hydrogen peroxide. 
(a) Product. Hydrogen peroxide. 
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(b) [Reserved] 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used as a bleach-
ing agent in accordance with good 
manufacturing or feeding practice. 

§ 582.1400 Lecithin. 
(a) Product. Lecithin. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1425 Magnesium carbonate. 
(a) Product. Magnesium carbonate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1428 Magnesium hydroxide. 
(a) Product. Magnesium hydroxide. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1431 Magnesium oxide. 
(a) Product. Magnesium oxide. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1480 Methylcellulose. 
(a) Product. U.S.P. methylcellulose, 

except that the methoxy content shall 
not be less than 27.5 percent and not 
more than 31.5 percent on a dry-weight 
basis. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1500 Monoammonium glutamate. 
(a) Product. Monoammonium glu-

tamate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1516 Monopotassium glutamate. 
(a) Product. Monopotassium glu-

tamate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 

used in accordance with good manufac-
turing or feeding practice. 

§ 582.1540 Nitrogen. 
(a) Product. Nitrogen. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1585 Papain. 
(a) Product. Papain. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1613 Potassium bicarbonate. 
(a) Product. Potassium bicarbonate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1619 Potassium carbonate. 
(a) Product. Potassium carbonate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1625 Potassium citrate. 
(a) Product. Potassium citrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1631 Potassium hydroxide. 
(a) Product. Potassium hydroxide. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1643 Potassium sulfate. 
(a) Product. Potassium sulfate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1655 Propane. 
(a) Product. Propane. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 
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§ 582.1666 Propylene glycol. 
(a) Product. Propylene glycol. 
(b) Conditions of use. This substance 

is generally recognized as safe (except 
in cat food) when used in accordance 
with good manufacturing or feeding 
practice. 

[41 FR 38657, Sept. 10, 1976, as amended at 61 
FR 19544, May 2, 1996] 

§ 582.1685 Rennet. 
(a) Product. Rennet (rennin). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1711 Silica aerogel. 
(a) Product. Silica aerogel as a finely 

powdered microcellular silica foam 
having a minimum silica content of 
89.5 percent. 

(b) [Reserved] 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used as a compo-
nent of antifoaming agents in accord-
ance with good manufacturing or feed-
ing practice. 

§ 582.1721 Sodium acetate. 
(a) Product. Sodium acetate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1736 Sodium bicarbonate. 
(a) Product. Sodium bicarbonate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1742 Sodium carbonate. 
(a) Product. Sodium carbonate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1745 Sodium 
carboxymethylcellulose. 

(a) Product. Sodium carboxymethyl- 
cellulose is the sodium salt of 
carboxymethylcellulose not less than 
99.5 percent on a dry-weight basis, with 
maximum substitution of 0.95 

carboxymethyl groups per 
anhydroglucose unit, and with a min-
imum viscosity of 25 centipoises for 2 
percent by weight aqueous solution at 
25 °C. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1748 Sodium caseinate. 
(a) Product. Sodium caseinate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1751 Sodium citrate. 
(a) Product. Sodium citrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1763 Sodium hydroxide. 
(a) Product. Sodium hydroxide. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1775 Sodium pectinate. 
(a) Product. Sodium pectinate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1778 Sodium phosphate. 
(a) Product. Sodium phosphate 

(mono-, di-, and tribasic). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1781 Sodium aluminum phos-
phate. 

(a) Product. Sodium aluminum phos-
phate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1792 Sodium sesquicarbonate. 
(a) Product. Sodium sesquicarbonate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
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used in accordance with good manufac-
turing or feeding practice. 

§ 582.1804 Sodium potassium tartrate. 
(a) Product. Sodium potassium tar-

trate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1810 Sodium tripolyphosphate. 
(a) Product. Sodium 

tripolyphosphate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1901 Triacetin. 
(a) Product. Triacetin (glyceryl 

triacetate). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1973 Beeswax. 
(a) Product. Beeswax (yellow wax). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1975 Bleached beeswax. 
(a) Product. Bleached beeswax (white 

wax). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.1978 Carnauba wax. 
(a) Product. Carnauba wax. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

Subpart C—Anticaking Agents 

§ 582.2122 Aluminum calcium silicate. 
(a) Product. Aluminum calcium sili-

cate. 
(b) Tolerance. 2 percent. 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in table salt 

in accordance with good manufacturing 
or feeding practice. 

§ 582.2227 Calcium silicate. 

(a) Product. Calcium silicate. 
(b) Tolerance. 2 percent and 5 percent. 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used at levels not 
exceeding 2 percent in table salt and 5 
percent in baking powder in accordance 
with good manufacturing or feeding 
practice. 

§ 582.2437 Magnesium silicate. 

(a) Product. Magnesium silicate. 
(b) Tolerance. 2 percent. 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in table salt 
in accordance with good manufacturing 
or feeding practice. 

§ 582.2727 Sodium aluminosilicate. 

(a) Product. Sodium aluminosilicate 
(sodium silicoaluminate). 

(b) Tolerance. This substance is gen-
erally recognized as safe for use at a 
level not exceeding 2 percent in accord-
ance with good manufacturing or feed-
ing practice. 

§ 582.2729 Hydrated sodium calcium 
aluminosilicate. 

(a) Product. Hydrated sodium calcium 
aluminosilicate (sodium calcium 
silicoaluminate). 

(b) Tolerance. This substance is gen-
erally recognized as safe for use at a 
level not exceeding 2 percent in accord-
ance with good manufacturing or feed-
ing practice. 

§ 582.2906 Tricalcium silicate. 

(a) Product. Tricalcium silicate. 
(b) Tolerance. 2 percent. 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in table salt 
in accordance with good manufacturing 
or feeding practice. 

Subpart D—Chemical 
Preservatives 

§ 582.3013 Ascorbic acid. 

(a) Product. Ascorbic acid. 
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(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.3021 Benzoic acid. 
(a) Product. Benzoic acid. 
(b) Tolerance. This substance is gen-

erally recognized as safe for use at a 
level not exceeding 0.1 percent in ac-
cordance with good manufacturing or 
feeding practice. 

§ 582.3041 Erythorbic acid. 
(a) Product. Erythorbic acid. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.3081 Propionic acid. 
(a) Product. Propionic acid. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.3089 Sorbic acid. 
(a) Product. Sorbic acid. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.3109 Thiodipropionic acid. 
(a) Product. Thiodipropionic acid. 
(b) Tolerance. This substance is gen-

erally recognized as safe for use in food 
when the total content of antioxidants 
is not over 0.02 percent of fat or oil 
content including essential (volatile) 
oil content of the food, provided the 
substance is used in accordance with 
good manufacturing or feeding prac-
tice. 

§ 582.3149 Ascorbyl palmitate. 
(a) Product. Ascorbyl palmitate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.3169 Butylated hydroxyanisole. 
(a) Product. Butylated hydroxy-

anisole. 
(b) Tolerance. This substance is gen-

erally recognized as safe for use in food 
when the total content of antioxidants 

is not over 0.02 percent of fat or oil 
content, including essential (volatile) 
oil content of food provided the sub-
stance is used in accordance with good 
manufacturing or feeding practice. 

§ 582.3173 Butylated hydroxytoluene. 
(a) Product. Butylated hydroxytol- 

uene. 
(b) Tolerance. This substance is gen-

erally recognized as safe for use in food 
when the total content of antioxidants 
is not over 0.02 percent of fat or oil 
content, including essential (volatile) 
oil content of food provided the sub-
stance is used in accordance with good 
manufacturing or feeding practice. 

§ 582.3189 Calcium ascorbate. 
(a) Product. Calcium ascorbate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.3221 Calcium propionate. 
(a) Product. Calcium propionate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.3225 Calcium sorbate. 
(a) Product. Calcium sorbate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.3280 Dilauryl thiodipropionate. 
(a) Product. Dilauryl 

thiodipropionate. 
(b) Tolerance. This substance is gen-

erally recognized as safe for use in food 
when the total content of antioxidants 
is not over 0.02 percent of fat or oil 
content, including essential (volatile) 
oil content of the food, provided the 
substance is used in accordance with 
good manufacturing or feeding prac-
tice. 

§ 582.3336 Gum guaiac. 
(a) Product. Gum guaiac. 
(b) Tolerance. 0.1 percent (equivalent 

antioxidant activity 0.01 percent). 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in edible fats 
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or oils in accordance with good manu-
facturing or feeding practice. 

§ 582.3490 Methylparaben. 
(a) Product. Methylparaben (methyl 

p-hydroxybenzoate). 
(b) Tolerance. This substance is gen-

erally recognized as safe for use at a 
level not exceeding 0.1 percent in ac-
cordance with good manufacturing or 
feeding practice. 

§ 582.3616 Potassium bisulfite. 
(a) Product. Potassium bisulfite. 
(b) [Reserved] 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in accord-
ance with good manufacturing or feed-
ing practice, except that it is not used 
in meats or in food recognized as 
source of vitamin B1. 

§ 582.3637 Potassium metabisulfite. 
(a) Product. Potassium metabisulfite. 
(b) [Reserved] 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in accord-
ance with good manufacturing or feed-
ing practice, except that it is not used 
in meats or in food recognized as 
source of vitamin B1. 

§ 582.3640 Potassium sorbate. 
(a) Product. Potassium sorbate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.3660 Propyl gallate. 
(a) Product. Propyl gallate. 
(b) Tolerance. This substance is gen-

erally recognized as safe for use in food 
when the total content of antioxidants 
is not over 0.02 percent of fat or oil 
content, including essential (volatile) 
oil content of the food, provided the 
substance is used in accordance with 
good manufacturing or feeding prac-
tice. 

§ 582.3670 Propylparaben. 
(a) Product. Propylparaben (propyl p- 

hydroxybenzoate). 
(b) Tolerance. This substance is gen-

erally recognized as safe for use at a 
level not exceeding 0.1 percent in ac-

cordance with good manufacturing or 
feeding practice. 

§ 582.3731 Sodium ascorbate. 

(a) Product. Sodium ascorbate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.3733 Sodium benzoate. 

(a) Product. Sodium benzoate. 
(b) Tolerance. This substance is gen-

erally recognized as safe for use at a 
level not exceeding 0.1 percent in ac-
cordance with good manufacturing or 
feeding practice. 

§ 582.3739 Sodium bisulfite. 

(a) Product. Sodium bisulfite. 
(b) [Reserved] 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in accord-
ance with good manufacturing or feed-
ing practice, except that it is not used 
in meats or in food recognized as 
source of vitamin B1. 

§ 582.3766 Sodium metabisulfite. 

(a) Product. Sodium metabisulfite. 
(b) [Reserved] 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in accord-
ance with good manufacturing or feed-
ing practice, except that it is not used 
in meats or in food recognized as 
source of vitamin B1. 

§ 582.3784 Sodium propionate. 

(a) Product. Sodium propionate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.3795 Sodium sorbate. 

(a) Product. Sodium sorbate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.3798 Sodium sulfite. 

(a) Product. Sodium sulfite. 
(b) [Reserved] 
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1 Amino acids listed in this subpart may be 
free hydrochloride salt, hydrated, or anhy-
drous form, where applicable. 

(c) Limitations, restrictions, or expla-
nation. This substance is generally rec-
ognized as safe when used in accord-
ance with good manufacturing or feed-
ing practice, except that it is not used 
in meats or in food recognized as 
source of vitamin B1. 

§ 582.3845 Stannous chloride. 
(a) Product. Stannous chloride. 
(b) Tolerance. This substance is gen-

erally recognized as safe for use at a 
level not exceeding 0.0015 percent cal-
culated as tin in accordance with good 
manufacturing or feeding practice. 

§ 582.3862 Sulfur dioxide. 
(a) Product. Sulfur dioxide. 
(b) [Reserved] 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in accord-
ance with good manufacturing or feed-
ing practice, except that it is not used 
in meats or in food recognized as 
source of vitamin B1. 

§ 582.3890 Tocopherols. 
(a) Product. Tocopherols. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

Subpart E—Emulsifying Agents 
§ 582.4101 Diacetyl tartaric acid esters 

of mono- and diglycerides of edible 
fats or oils, or edible fat-forming 
fatty acids. 

(a) Product. Diacetyl tartaric acid 
esters of mono- and diglycerides of edi-
ble fats or oils, or edible fat-forming 
fatty acids. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.4505 Mono- and diglycerides of 
edible fats or oils, or edible fat- 
forming acids. 

(a) Product. Mono- and diglycerides of 
edible fats or oils, or edible fat-forming 
acids. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.4521 Monosodium phosphate de-
rivatives of mono- and diglycerides 
of edible fats or oils, or edible fat- 
forming fatty acids. 

(a) Product. Monosodium phosphate 
derivatives of mono- and diglycerides 
of edible fats or oils, or edible fat-form-
ing fatty acids. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.4666 Propylene glycol. 
(a) Product. Propylene glycol. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

Subpart F—Nutrients and/or 
Dietary Supplements 1 

§ 582.5013 Ascorbic acid. 
(a) Product. Ascorbic acid. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5017 Aspartic acid. 
(a) Product. Aspartic acid (L- and DL- 

forms). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5049 Aminoacetic acid. 
(a) Product. Glycine (aminoacetic 

acid). 
(b) [Reserved] 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in animal 
feeds in accordance with good manu-
facturing or feeding practice. 

§ 582.5065 Linoleic acid. 
(a) Product. Linoleic acid prepared 

from edible fats and oils and free from 
chick-edema factor. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
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used in accordance with good manufac-
turing or feeding practice. 

§ 582.5118 Alanine. 

(a) Product. Alanine (L- and DL- 
forms). 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5145 Arginine. 

(a) Product. Arginine (L- and DL- 
forms). 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5159 Biotin. 

(a) Product. Biotin. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5191 Calcium carbonate. 

(a) Product. Calcium carbonate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5195 Calcium citrate. 

(a) Product. Calcium citrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5201 Calcium glycerophosphate. 

(a) Product. Calcium 
glycerophosphate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5210 Calcium oxide. 

(a) Product. Calcium oxide. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5212 Calcium pantothenate. 

(a) Product. Calcium pantothenate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5217 Calcium phosphate. 
(a) Product. Calcium phosphate 

(mono-, di-, and tribasic). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5223 Calcium pyrophosphate. 
(a) Product. Calcium pyrophosphate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5230 Calcium sulfate. 
(a) Product. Calcium sulfate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5245 Carotene. 
(a) Product. Carotene. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5250 Choline bitartrate. 
(a) Product. Choline bitartrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5252 Choline chloride. 
(a) Product. Choline chloride. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5260 Copper gluconate. 
(a) Product. Copper gluconate. 
(b) Tolerance. This substance is gen-

erally recognized as safe for use at a 
level not exceeding 0.005 percent in ac-
cordance with good manufacturing or 
feeding practice. 

§ 582.5271 Cysteine. 
(a) Product. Cysteine (L-forms). 
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(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5273 Cystine. 

(a) Product. Cystine (L- and DL- 
forms). 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5301 Ferric phosphate. 

(a) Product. Ferric phosphate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5304 Ferric pyrophosphate. 

(a) Product. Ferric pyrophosphate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5306 Ferric sodium 
pyrophosphate. 

(a) Product. Ferric sodium 
pyrophosphate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5308 Ferrous gluconate. 

(a) Product. Ferrous gluconate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5311 Ferrous lactate. 

(a) Product. Ferrous lactate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5315 Ferrous sulfate. 

(a) Product. Ferrous sulfate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5361 Histidine. 
(a) Product. Histidine (L- and DL- 

forms). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5370 Inositol. 
(a) Product. Inositol. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5375 Iron reduced. 
(a) Product. Iron reduced. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5381 Isoleucine. 
(a) Product. Isoleucine (L- and DL- 

forms). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5406 Leucine. 
(a) Product. Leucine (L- and DL- 

forms). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5411 Lysine. 
(a) Product. Lysine (L- and DL- 

forms). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5431 Magnesium oxide. 
(a) Product. Magnesium oxide. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5434 Magnesium phosphate. 
(a) Product. Magnesium phosphate 

(di- and tribasic). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
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used in accordance with good manufac-
turing or feeding practice. 

§ 582.5443 Magnesium sulfate. 
(a) Product. Magnesium sulfate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5446 Manganese chloride. 
(a) Product. Manganese chloride. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5449 Manganese citrate. 
(a) Product. Manganese citrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5452 Manganese gluconate. 
(a) Product. Manganese gluconate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5455 Manganese 
glycerophosphate. 

(a) Product. Manganese 
glycerophosphate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5458 Manganese hypophosphite. 
(a) Product. Manganese 

hypophosphite. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5461 Manganese sulfate. 
(a) Product. Manganese sulfate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5464 Manganous oxide. 
(a) Product. Manganous oxide. 
(b) Conditions of use. This substance 

is generally recognized as safe when 

used in accordance with good manufac-
turing or feeding practice. 

§ 582.5470 Mannitol. 
(a) Product. Mannitol. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5475 Methionine. 
(a) Product. Methionine. 
(b) [Reserved] 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in animal 
feeds in accordance with good manu-
facturing or feeding practice. 

§ 582.5477 Methionine hydroxy analog 
and its calcium salts. 

(a) Product. Methionine hydroxy ana-
log and its calcium salts. 

(b) [Reserved] 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in animal 
feeds in accordance with good manu-
facturing or feeding practice. 

§ 582.5530 Niacin. 
(a) Product. Niacin. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5535 Niacinamide. 
(a) Product. Niacinamide. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5580 D-Pantothenyl alcohol. 
(a) Product. D-Pantothenyl alcohol. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5590 Phenylalanine. 
(a) Product. Phenylalanine (L- and 

DL-forms). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 
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§ 582.5622 Potassium chloride. 
(a) Product. Potassium chloride. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5628 Potassium 
glycerophosphate. 

(a) Product. Potassium 
glycerophosphate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5634 Potassium iodide. 
(a) Product. Potassium iodide. 
(b) Tolerance. 0.01 percent. 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in table salt 
as a source of dietary iodine in accord-
ance with good manufacturing or feed-
ing practice. 

§ 582.5650 Proline. 
(a) Product. Proline (L- and DL- 

forms). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5676 Pyridoxine hydrochloride. 
(a) Product. Pyridoxine hydro-

chloride. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5695 Riboflavin. 
(a) Product. Riboflavin. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5697 Riboflavin-5-phosphate. 
(a) Product. Riboflavin-5-phosphate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5701 Serine. 
(a) Product. Serine (L- and DL-forms). 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5772 Sodium pantothenate. 
(a) Product. Sodium pantothenate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5778 Sodium phosphate. 
(a) Product. Sodium phosphate 

(mono-, di-, and tribasic). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5835 Sorbitol. 
(a) Product. Sorbitol. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5875 Thiamine hydrochloride. 
(a) Product. Thiamine hydrochloride. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5878 Thiamine mononitrate. 
(a) Product. Thiamine mononitrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5881 Threonine. 
(a) Product. Threonine (L- and DL- 

forms). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5890 Tocopherols. 
(a) Product. Tocopherols. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5892 a-Tocopherol acetate. 
(a) Product. a-Tocopherol acetate. 
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2 For the purpose of this subpart, no at-
tempt has been made to designate those 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5915 Tryptophane. 

(a) Product. Tryptophane (L- and DL- 
forms). 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5920 Tyrosine. 

(a) Product. Tyrosine (L- and DL- 
forms). 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5925 Valine. 

(a) Product. Valine (L- and DL- 
forms). 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5930 Vitamin A. 

(a) Product. Vitamin A. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5933 Vitamin A acetate. 

(a) Product. Vitamin A acetate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5936 Vitamin A palmitate. 

(a) Product. Vitamin A palmitate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5945 Vitamin B12. 

(a) Product. Vitamin B12. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5950 Vitamin D2. 
(a) Product. Vitamin D2. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5953 Vitamin D3. 
(a) Product. Vitamin D3. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5985 Zinc chloride. 
(a) Product. Zinc chloride. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5988 Zinc gluconate. 
(a) Product. Zinc gluconate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5991 Zinc oxide. 
(a) Product. Zinc oxide. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5994 Zinc stearate. 
(a) Product. Zinc stearate prepared 

from stearic acid free from chick- 
edema factor. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.5997 Zinc sulfate. 
(a) Product. Zinc sulfate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

Subpart G—Sequestrants 2 

§ 582.6033 Citric acid. 
(a) Product. Citric acid. 
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sequestrants that may also function as 
chemical preservatives. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6085 Sodium acid phosphate. 

(a) Product. Sodium acid phosphate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6099 Tartaric acid. 

(a) Product. Tartaric acid. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6185 Calcium acetate. 

(a) Product. Calcium acetate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6193 Calcium chloride. 

(a) Product. Calcium chloride. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6195 Calcium citrate. 

(a) Product. Calcium citrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6197 Calcium diacetate. 

(a) Product. Calcium diacetate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6199 Calcium gluconate. 

(a) Product. Calcium gluconate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6203 Calcium 
hexametaphosphate. 

(a) Product. Calcium 
hexametaphosphate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6215 Monobasic calcium phos-
phate. 

(a) Product. Monobasic calcium phos-
phate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6219 Calcium phytate. 
(a) Product. Calcium phytate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6285 Dipotassium phosphate. 
(a) Product. Dipotassium phosphate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6290 Disodium phosphate. 
(a) Product. Disodium phosphate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6386 Isopropyl citrate. 
(a) Product. Isopropyl citrate. 
(b) Tolerance. This substance is gen-

erally recognized as safe for use at a 
level not exceeding 0.02 percent in ac-
cordance with good manufacturing or 
feeding practice. 

§ 582.6511 Monoisopropyl citrate. 
(a) Product. Monoisopropyl citrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6625 Potassium citrate. 
(a) Product. Potassium citrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
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used in accordance with good manufac-
turing or feeding practice. 

[41 FR 38657, Sept. 10, 1976. Redesignated at 
42 FR 14091, Mar. 15, 1977] 

§ 582.6751 Sodium citrate. 
(a) Product. Sodium citrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

[41 FR 38657, Sept. 10, 1976. Redesignated at 
42 FR 14091, Mar. 15, 1977] 

§ 582.6754 Sodium diacetate. 
(a) Product. Sodium diacetate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6757 Sodium gluconate. 
(a) Product. Sodium gluconate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6760 Sodium 
hexametaphosphate. 

(a) Product. Sodium 
hexametaphosphate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6769 Sodium metaphosphate. 
(a) Product. Sodium metaphosphate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6778 Sodium phosphate. 
(a) Product. Sodium phosphate 

(mono-, di-, and tribasic). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6787 Sodium pyrophosphate. 
(a) Product. Sodium pyrophosphate. 
(b) Condition of use. This substance is 

generally recognized as safe when used 
in accordance with good manufacturing 
or feeding practice. 

§ 582.6789 Tetra sodium 
pyrophosphate. 

(a) Product. Tetra sodium 
pyrophosphate. 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6801 Sodium tartrate. 

(a) Product. Sodium tartrate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6804 Sodium potassium tartrate. 
(a) Product. Sodium potassium tar-

trate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6807 Sodium thiosulfate. 
(a) Product. Sodium thiosulfate. 
(b) Tolerance. 0.1 percent. 
(c) Limitations, restrictions, or expla-

nation. This substance is generally rec-
ognized as safe when used in salt in ac-
cordance with good manufacturing or 
feeding practice. 

§ 582.6810 Sodium tripolyphosphate. 
(a) Product. Sodium 

tripolyphosphate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.6851 Stearyl citrate. 
(a) Product. Stearyl citrate. 
(b) Tolerance. This substance is gen-

erally recognized as safe for use at a 
level not exceeding 0.15 percent in ac-
cordance with good manufacturing or 
feeding practice. 

Subpart H—Stabilizers 

§ 582.7115 Agar-agar. 
(a) Product. Agar-agar. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 
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§ 582.7133 Ammonium alginate. 

(a) Product. Ammonium alginate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.7187 Calcium alginate. 
(a) Product. Calcium alginate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.7255 Chondrus extract. 
(a) Product. Chondrus extract 

(carrageenin). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.7330 Gum arabic. 
(a) Product. Acacia (gum arabic). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.7333 Gum ghatti. 
(a) Product. Gum ghatti. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.7339 Guar gum. 
(a) Product. Guar gum. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.7343 Locust bean gum. 
(a) Product. Locust (carob) bean gum. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.7349 Sterculia gum. 
(a) Product. Sterculia gum (karaya 

gum). 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.7351 Gum tragacanth. 

(a) Product. Tragacanth (gum 
tragacanth). 

(b) Conditions of use. This substance 
is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.7610 Potassium alginate. 

(a) Product. Potassium alginate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

§ 582.7724 Sodium alginate. 

(a) Product. Sodium alginate. 
(b) Conditions of use. This substance 

is generally recognized as safe when 
used in accordance with good manufac-
turing or feeding practice. 

PART 584—FOOD SUBSTANCES AF-
FIRMED AS GENERALLY RECOG-
NIZED AS SAFE IN FEED AND 
DRINKING WATER OF ANIMALS 

Subpart A [Reserved] 

Subpart B—Listing of Specific Substances 
Affirmed as GRAS 

Sec. 
584.200 Ethyl alcohol containing ethyl ace-

tate. 
584.700 Hydrophobic silicas. 

AUTHORITY: 21 U.S.C. 321, 342, 348, 371. 

Subpart A [Reserved] 

Subpart B—Listing of Specific 
Substances Affirmed as GRAS 

§ 584.200 Ethyl alcohol containing 
ethyl acetate. 

The feed additive ethyl alcohol con-
taining ethyl acetate meets the re-
quirement of 27 CFR 212.45, being not 
less than 92.5 percent ethyl alcohol, 
each 100 gallons having had added the 
equivalent of 4.25 gallons of 100 percent 
ethyl acetate. It is used in accordance 
with good feeding practices in rumi-
nant feed supplements as a source of 
added energy. 

[46 FR 52333, Oct. 27, 1981] 
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Summary

Lactic acid is widely used in the food, cosmetic, pharmaceutical, and chemical indus-
tries and has received increased attention for use as a monomer for the production of bio-
degradable poly(lactic acid). It can be produced by either biotechnological fermentation or
chemical synthesis, but the former route has received considerable interest recently, due to
environmental concerns and the limited nature of petrochemical feedstocks. There have
been various attempts to produce lactic acid efficiently from inexpensive raw materials.
We present a review of lactic acid-producing microorganisms, raw materials for lactic acid
production, fermentation approaches for lactic acid production, and various applications
of lactic acid, with a particular focus on recent investigations. In addition, the future po-
tentials and economic impacts of lactic acid are discussed.

Key words: lactic acid, poly(lactic acid), lactic acid bacteria, fermentation, biodegradable
polymer

Introduction

Lactic acid has a long history of uses for fermenta-
tion and preservation of human foodstuffs (1). It was
first discovered in sour milk by Scheele in 1780, who ini-
tially considered it a milk component. In 1789, Lavoisier
named this milk component »acide lactique«, which be-
came the possible origin of the current terminology for
lactic acid. In 1857, however, Pasteur discovered that it
was not a milk component, but a fermentation metabo-
lite generated by certain microorganisms (2).

Lactic acid can be produced by either microbial fer-
mentation or chemical synthesis (Fig. 1). In the early 1960s,
a method to synthesize lactic acid chemically was devel-
oped due to the need for heat-stable lactic acid in the
baking industry (3). There are two optical isomers of lac-
tic acid: L(+)-lactic acid and D(–)-lactic acid. Lactic acid
is classified as GRAS (generally recognized as safe) for

use as a food additive by the US FDA (Food and Drug
Administration), but D(–)-lactic acid is at times harmful to
human metabolism and can result in acidosis and decal-
cification (4). Although racemic DL-lactic acid is always
produced by chemical synthesis from petrochemical re-
sources, an optically pure L(+)- or D(–)-lactic acid can be
obtained by microbial fermentation of renewable resources
when the appropriate microorganism that can produce
only one of the isomers is selected (5). The optical purity
of lactic acid is crucial to the physical properties of poly
(lactic acid) (PLA), and an optically pure L(+)- or D(–)-lac-
tic acid, rather than racemic DL-lactic acid, can be poly-
merized to a high crystalline PLA that is suitable for com-
mercial uses (6,7). Therefore, the biotechnological pro-
duction of lactic acid has received a significant amount
of interest recently, since it offers an alternative to envi-
ronmental pollution caused by the petrochemical indus-
try and the limited supply of petrochemical resources.
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Lactic acid is now considered to be one of the most
useful chemicals, used in the food industry as a preser-
vative, acidulant, and flavouring, in the textile and phar-
maceutical industries, and in the chemical industry as a
raw material for the production of lactate ester, propyl-
ene glycol, 2,3-pentanedione, propanoic acid, acrylic acid,
acetaldehyde, and dilactide (8,9). Recently, lactic acid
consumption has increased considerably because of its
role as a monomer in the production of biodegradable
PLA, which is well-known as a sustainable bioplastic
material (4,10). The worldwide demand for lactic acid is
estimated roughly to be 130 000 to 150 000 (metric) tonnes
per year (11). However, the global consumption of lactic
acid is expected to increase rapidly in the near future.
NatureWorks LLC, a major PLA manufacturer estab-
lished in the US, expects that the global PLA market
may increase to 500 000 (metric) tonnes per year by 2010
(12).

Biotechnological processes for the production of lac-
tic acid usually include lactic acid fermentation and
product recovery and/or purification. There have been
numerous investigations on the development of biotech-
nological processes for lactic acid production, with the
ultimate objectives to enable the process to be more effi-
cient and economical. This article presents a review of
recent advances in the biotechnological production of

lactic acid, as well as its recent applications and the fu-
ture prospects of biologically-derived lactic acid.

Lactic Acid-Producing Microorganisms

Microorganisms that can produce lactic acid can be
divided into two groups: bacteria and fungi (10). The
microorganisms selected for recent investigations of the
biotechnological production of lactic acid are listed in
Table 1 (13–24). Although most investigations of lactic
acid production were carried out with lactic acid bacte-
ria (LAB), filamentous fungi, such as Rhizopus, utilize
glucose aerobically to produce lactic acid (13,25,26). Rhi-
zopus species such as R. oryzae and R. arrhizus have amy-
lolytic enzyme activity, which enables them to convert
starch directly to L(+)-lactic acid (27,28). Fungal fermen-
tation has some advantages in that R. oryzae requires
only a simple medium and produces L(+)-lactic acid, but
it also requires vigorous aeration because R. oryzae is an
obligate aerobe (25). In fungal fermentation, the low pro-
duction rate, below 3 g/(L·h), is probably due to the low
reaction rate caused by mass transfer limitation (14). The
lower product yield from fungal fermentation is attrib-
uted partially to the formation of by-products, such as
fumaric acid and ethanol (25).

Fig. 1. Overview of the two manufacturing methods of lactic acid; chemical synthesis (a) and microbial fermentation (b). SSF repre-
sents simultaneous saccharification and fermentation

Table 1. Microorganisms used for recent investigations of the biotechnological production of lactic acid

Organism g(lactic acid)

g/L

h(yield)

g/g

Productivity

g/(L·h)
Reference

Rhizopus oryzae ATCC 52311 83.0 0.88 2.6 (13)

Rhizopus oryzae NRRL 395 104.6 0.87 1.8 (14)

Enterococcus faecalis RKY1 144.0 0.96 5.1 (15)

Lactobacillus rhamnosus ATCC 10863 67.0 0.84 2.5 (16)

Lactobacillus helveticus ATCC 15009 65.5 0.66 2.7 (17)

Lactobacillus bulgaricus NRRL B-548 38.7 0.90 3.5 (18)

Lactobacillus casei NRRL B-441 82.0 0.91 5.6 (19)

Lactobacillus plantarum ATCC 21028 41.0 0.97 1.0 (20)

Lactobacillus pentosus ATCC 8041 21.8 0.77 0.8 (21)

Lactobacillus amylophilus GV6 76.2 0.70 0.8 (22)

Lactobacillus delbrueckii NCIMB 8130 90.0 0.97 3.8 (23)

Lactococcus lactis ssp. lactis IFO 12007 90.0 0.76 1.6 (24)



Several attempts have been made to achieve higher
cell density, lactic acid yield, and productivity in fungal
fermentation. Tay and Yang (25) immobilized R. oryzae
cells in a fibrous bed to produce lactic acid from glucose
and starch. Kosakai et al. (26) cultured R. oryzae cells with
the use of mycelial flocs formed by the addition of min-
eral support and poly(ethylene oxide). They observed
that cotton-like mycelial flocs were the optimal morpho-
logy in the culture of R. oryzae. Park et al. (14) reported
that lactic acid production was enhanced in a culture of
R. oryzae, by the induction of mycelial floc morphology.
Their results also suggested that cotton-like mycelial flocs
were the optimal morphology for use in the air-lift bio-
reactor culture of R. oryzae. Although there have been
persistent attempts to produce lactic acid through fun-
gal fermentation, LAB have been commonly used for
the production of lactic acid due to the aforementioned
disadvantages of fungal fermentation.

Lactic acid bacteria can be classified into two groups:
homofermentative and heterofermentative. While the ho-
mofermentative LAB convert glucose almost exclusively
into lactic acid, the heterofermentative LAB catabolize
glucose into ethanol and CO2 as well as lactic acid (Fig.
2) (5,29). The homofermentative LAB usually metabolize
glucose via the Embden-Meyerhof pathway (i.e. glyco-
lysis). Since glycolysis results only in lactic acid as a ma-
jor end-product of glucose metabolism, two lactic acid
molecules are produced from each molecule of glucose
with a yield of more than 0.90 g/g (30,31). Only the ho-
mofermentative LAB are available for the commercial pro-
duction of lactic acid (5,15).

Recently, strains used in the commercial production
of lactic acid has become almost proprietary, and it is
believed that most of the LAB used belong to the genus
Lactobacillus (4,5). Berry et al. (16) attempted to produce
lactic acid by batch culture of L. rhamnosus in a defined

medium. Schepers et al. (17) used L. helveticus for the
production of lactic acid from lactose and concentrated
cheese whey, and Burgos-Rubio et al. (18) reported the
kinetic investigation of the conversion of different sub-
strates into lactic acid with the use of L. bulgaricus. Hu-
janen and Linko (19) investigated the effects of culture
temperature and nitrogen sources on lactic acid produc-
tion by L. casei, and Roukas and Kotzekidou (32) also
used this strain for lactic acid production from deprote-
inized whey by mixed cultures of free and coimmobili-
zed cells. Fu and Mathews (20) investigated the kinetic
model of lactic acid production from lactose by batch
culture of L. plantarum, and Bustos et al. (21) used L. pen-
tosus for the production of lactic acid from vine-trim-
ming wastes. The strains of amylase-producing L. amylo-
philus were used often for the direct conversion of starch
into lactic acid (22,33,34).

However, among the genus Lactobacillus, L. delbru-
eckii has appeared commonly in many investigations on
the production of lactic acid. Kotzanmanidis et al. (23)
used L. delbrueckii NCIMB 8130 for lactic acid production
from beet molasses. Monteagudo et al. (35) and Göksun-
gur and Güvenç (36) also attempted to produce lactic
acid from beet molasses with L. delbrueckii. In addition
to lactobacilli, strains of lactococci were often used for
lactic acid production. Roble et al. (24) co-cultured Lacto-
coccus lactis ssp. lactis cells with Aspergillus awamori for
lactic acid production from cassava starch, and Åkerberg
et al. (37) used L. lactis ssp. lactis for modeling the kinet-
ics of lactic acid production from whole wheat flour.
Moreover, Yun et al. (15) and Wee et al. (38) reported the
production of lactic acid by batch culture of a newly iso-
lated species, Enterococcus faecalis.

Efforts have been made to improve the production
of lactic acid through metabolic engineering approaches.
Kylä-Nikkilä et al. (39) attempted to express L-lactate de-

Fig. 2. Metabolic pathways of homofermentative (solid line) and heterofermentative (dotted line) lactic acid bacteria: P, phosphate;
ADP, adenosine 5'-diphosphate; ATP, adenosine 5'-triphosphate; NAD+, nicotinamide adenine dinucleotide; NADH, nicotinamide
adenine dinucleotide (reduced form); (1), lactate dehydrogenase; (2), alcohol dehydrogenase



hydrogenase and D-lactate dehydrogenase genes in L.
helveticus for the production of pure D(–)- and L(+)-lactic
acids. They constructed two D-lactate dehydrogenase gene-
-negative L. helveticus via a gene replacement method for
the production of pure L-lactic acid. Each L-lactate dehy-
drogenase activity of two D-lactate dehydrogenase-defi-
cient L. helveticus was 53 or 93 % higher than that of the
wild type strain. Dien et al. (40,41) constructed recombi-
nant Escherichia coli for the conversion of hexose sugar,
as well as pentose sugar, into L(+)-lactic acid, and they
metabolically engineered the E. coli for the construction
of carbon catabolite repression mutants. Similarly, Chang
et al. (42) constructed recombinant E. coli for the produc-
tion of optically pure D(–)- or L(+)-lactic acid. They in-
troduced L-lactate dehydrogenase genes from L. casei into
a pta ldhA strain, which lacked phosphotransacetylase and
D-lactate dehydrogenase. Their results suggested that the
central fermentation metabolism of E. coli can be reori-
ented to the production of D(–)- or L(+)-lactic acid. Re-
cent advances in metabolic engineering of microorgan-
isms may provide more opportunities for selective and
efficient production of optically pure lactic acid through
the improvement of future strains.

Lactic acid bacteria typically have complex nutritio-
nal requirements, due to their limited ability to synthe-
size their own growth factors such as B vitamins and
amino acids. They require some elements for growth, such
as carbon and nitrogen sources, in the form of carbohy-
drates, amino acids, vitamins, and minerals (29,43,44).
There are several growth-stimulation factors that have a
considerable effect on the production rate of lactic acid.
The mixture of amino acids, peptides, and amino acid
amides usually stimulates the growth of LAB, and the
resulting growth rates are much higher than those ob-
tained with free amino acids (43). Fatty acids also influ-
ence LAB growth, and phosphates are the most impor-

tant salt in lactic acid fermentation. Ammonium ions
cannot serve as the sole nitrogen source, but they seem
to have some influence on the metabolism of certain
amino acids. Since minerals do not seem to be essential
to LAB growth, the amount found in commercial com-
plex media is usually sufficient (29,45). Temperature and
pH are also important factors influencing LAB growth
and lactic acid production (5). In general, the desirable
characteristics for industrial LAB are the abilities to rap-
idly and completely convert cheap raw materials into
lactic acid with minimal nutritional requirements and to
provide high yields of preferred stereoisomer without
by-product formation.

Raw Materials for Biotechnological

Production of Lactic Acid

In order for the biotechnological production of lactic
acid to be feasible, cheap raw materials are necessary,
because polymer producers and other industrial users
usually require large quantities of lactic acid at a rela-
tively low cost. Raw materials for lactic acid production
should have the following characteristics: cheap, low le-
vels of contaminants, rapid production rate, high yield,
little or no by-product formation, ability to be fermented
with little or no pre-treatment, and year-round availabil-
ity (3). When refined materials are used for production,
the costs for product purification should be significantly
reduced. However, this is still economically unfavour-
able because the refined carbohydrates are so expensive
that they eventually result in higher production costs
(5). Therefore, there have been many attempts to screen
for cheap raw materials for the economical production
of lactic acid. Reports in the literature of recent investi-
gations are listed in Table 2 (23,38,46–61).

Table 2. Reports in the literature about recent investigations on the biotechnological production of lactic acid from cheap raw materials

Raw material Organism
g(lactic acid)

g/L

Productivity

g/(L·h)
Reference

Molasses Lactobacillus delbrueckii NCIMB 8130 90.0 3.8 (23)

Enterococcus faecalis RKY1 95.7 4.0 (38)

Rye Lactobacillus paracasei No. 8 84.5 2.4 (46)

Sweet sorghum Lactobacillus paracasei No. 8 81.5 2.7 (46)

Lactobacillus paracasei No. 8 106.0 3.5 (47)

Wheat Lactococcus lactis ssp. lactis ATCC 19435 106.0 1.0 (48)

Enterococcus faecalis RKY1 102.0 4.8 (49)

Corn Enterococcus faecalis RKY1 63.5 0.5 (49)

Lactobacillus amylovorus ATCC 33620 10.1 0.8 (50)

Cassava Lactobacillus amylovorus ATCC 33620 4.8 0.2 (50)

Potato Lactobacillus amylovorus ATCC 33620 4.2 0.1 (51)

Rice Lactobacillus sp. RKY2 129.0 2.9 (51)

Barley Lactobacillus casei NRRL B-441 162.0 3.4 (52)

Lactobacillus amylophilus GV6 27.3 0.3 (53)

Cellulose Lactobacillus coryniformis ssp. torquens ATCC 25600 24.0 0.5 (54)

Corncob Rhizopus sp. MK-96-1196 24.0 0.3 (55)

Waste paper Lactobacillus coryniformis ssp. torquens ATCC 25600 23.1 0.5 (56)

Rhizopus oryzae NRRL 395 49.1 0.7 (57)

Wood Lactobacillus delbrueckii NRRL B-445 108.0 0.9 (58)

Enterococcus faecalis RKY1 93.0 1.7 (59)

Whey Lactobacillus helveticus R211 66.0 1.4 (60)

Lactobacillus casei NRRL B-441 46.0 4.0 (61)



Cheap raw materials, such as starchy and cellulosic
materials, whey, and molasses, have been used for lactic
acid production (5). Among these, starchy and cellulosic
materials are currently receiving a great deal of atten-
tion, because they are cheap, abundant, and renewable
(9,46,62). The starchy materials used for lactic acid pro-
duction include sweet sorghum (46,47), wheat (9,37,48,
49), corn (49,50), cassava (50), potato (50,63), rice (49,51),
rye (46), and barley (49,52,53). These materials have to
be hydrolyzed into fermentable sugars before fermenta-

tion, because they consist mainly of a(1,4)- and a(1,6)-link-
ed glucose (47–49). This hydrolysis can be carried out si-
multaneously with fermentation (52). Amylase-produc-
ing L. amylophilus and L. amylovorus are often used for
the direct fermentation of starchy materials into lactic
acid (50,53,63).

Cellulosic materials have been used for lactic acid
production in similar ways as starchy materials (5). These

materials consist mainly of �(1,4)-glucan, and often con-
tain xylan, arabinan, galactan, and lignin (5,10). Venka-
tesh (62) and Yáñez et al. (54) have previously attempted
to produce lactic acid from pure cellulose through si-
multaneous saccharification and fermentation (SSF). The
utilization of corncob (55,64), waste paper (56,57), and
wood (58,59), has been reported as well. Sreenath et al.
(65) investigated the production of lactic acid from agri-
cultural residues such as alfalfa fiber, wheat bran, corn
stover, and wheat straw. They suggested that, during
SSF of alfalfa fiber, lactic acid production was enhanced
by adding pectinase and cellulase together. Garde et al.
(66) used hemicellulose hydrolyzate from wheat straw
for lactic acid production by co-culture of L. brevis and
L. pentosus. This study demonstrated that complete sub-
strate utilization was achieved with a mixed culture of
two LAB. Fermentation of lignocellulosic hydrolyzate is
inhibited usually by inhibitory compounds, such as fur-
fural, 5-hydroxymethyl furfural, and acetic acid, which
are generated during pre-treatment of lignocellulose (67).
Most studies on methods to decrease this inhibition have
been focused on the chemical and physical detoxifica-
tion of the hydrolyzate (68). Wee et al. (59), however,
reported that the inhibition of fermentation caused by
wood hydrolyzate was reduced to a slight degree by di-
rect adaptation of LAB to the wood hydrolyzate-based
medium.

Some industrial waste products, such as whey and
molasses, are of interest for common substrates for lactic
acid production. Whey is a major by-product of the dai-
ry industry, and it contains lactose, protein, fat, and mi-
neral salts. For complete utilization of whey lactose, it is
necessary to supplement whey with an additional nitro-
gen source (5). Amrane and Prigent (69), Kulozik and
Wilde (70), and Schepers et al. (60) supplemented whey
with yeast extract for rapid production of lactic acid with
L. helveticus. According to Fitzpatrick and O’Keeffe (71),
the addition of whey protein hydrolyzate to whey me-
dium would make the fermentation more economically
viable and would also reduce the amount of unused nu-
trients left during fermentation. Also, there have been
several attempts to produce lactic acid from whey by
batch culture of L. casei (61,72,73). Molasses is a waste
product from the sugar manufacturing process, and it
usually contains a large amount of sucrose (5). L. delbru-

eckii and E. faecalis have recently been used for lactic acid
production from molasses (23,35,36,38). Shukla et al. (74)
also reported D(–)-lactic acid production from molasses
with recombinant E. coli strain.

It is necessary to supplement the fermentation media
with sufficient nutrients for rapid lactic acid production.
The most common nutrient for lactic acid production is
yeast extract, but this may contribute significantly to an
increase in production costs (3,5). As an alternative to
yeast extract, corn steep liquor, a by-product from the
corn steeping process, has been used successfully for lac-
tic acid production (49). The nitrogen content of corn steep
liquor is dependent on the steeping process used. Since
it is derived from corn, 85 % of its total nitrogen content
is composed of proteins, peptides, and amino acids (75).
Yun et al. (51) suggested that rice bran and wheat bran
play important roles as effective nutrients for lactic acid
production, because they usually contain several nutri-
tional factors as well as fermentable carbohydrates. Kur-
banoglu and Kurbanoglu (76) demonstrated that ram
horn waste was an effective supplement for lactic acid
production. Similarly, Bustos et al. (77) proposed that
vinification lees could be used for the formulation of
low-cost media for lactic acid production. According to
Wee et al. (78), wastewater from electrodialyzed fermen-
tation broth still contained some nutrients that could be
available to LAB. Their result indicated that, if small
amounts of other nutrients were supplemented to elec-
trodialysis wastewater, then the efficiencies of fermenta-
tion would be improved significantly.

Fermentation Approaches to Lactic

Acid Production

Batch, fed-batch, repeated batch, and continuous
fermentations are the most frequently used methods for
lactic acid production. Higher lactic acid concentrations
may be obtained in batch and fed-batch cultures than in
continuous cultures, whereas higher productivity may be
achieved by the use of continuous cultures (5). Another
advantage of the continuous culture compared to the
batch culture, is the possibility to continue the process
for a longer period of time. Reports in the literature of
recent studies on the biotechnological production of lac-
tic acid by different fermentation approaches are listed
in Table 3 (32,79–86).

The cell-recycle system, together with repeated batch
and continuous processes, enables the achievement of a
higher cell concentration and product productivity in
the process (79,80). Oh et al. (79) produced lactic acid at
a rate of 6.4 g/(L·h) through cell-recycle repeated batch
fermentation. Their results also indicated that only 26 %
of the yeast extract dosage, compared with conventional
batch fermentation, should be required to produce the
same amount of lactic acid, which might result in a con-
siderable reduction of production costs. The maximum
cell concentration in their experiment was greater than
28 g/L, which might contribute to the improvement of
the productivity and reduction of nutrient supplemen-
tation. A successful approach to continuous production
of lactic acid with cell retention has been reported by
Kwon et al. (80), who recently attempted to produce lac-
tic acid by a two-stage cell-recycle culture of L. rhamno-



sus. They connected the membrane cell-recycle bioreac-
tors in a series, and obtained 92 g/L of lactic acid with a
productivity of 57 g/(L·h).

Immobilization of cells has been one of the means
for high cell retention in the bioreactor (87). Several ma-
terials, such as Ca-alginate gels, poly(ethyleneimine), and
plastic composite support, have been used for immobili-
zation of LAB in order to produce lactic acid (36,81,87).
Senthuran et al. (87) reported the production of lactic acid
by continuous culture of L. casei immobilized in poly(ethy-
leneimine). This system was coupled with a cell-recycle
bioreactor, and the authors observed that the most im-
portant factor for operational stability was the bead size
of the matrix. Cotton et al. (81) tested the immobilized-
-cell biofilm reactor for continuous production of lactic
acid. For biofilm formation, they used a plastic compos-
ite support composed mainly of polypropylene.

Lactic acid production processes traditionally suffer
from end-product inhibition. An undissociated lactic acid
passes through the bacterial membrane and dissociates
inside the cell. The inhibition mechanism of lactic acid is
probably related to the solubility of the undissociated lac-
tic acid within the cytoplasmic membrane and the insol-
ubility of dissociated lactate, which causes acidification
of cytoplasm and failure of proton motive forces. It even-
tually influences the transmembrane pH gradient and
decreases the amount of energy available for cell growth
(29,88). Therefore, to alleviate the inhibitory effect of lac-
tic acid during the fermentation, it must be removed se-
lectively in situ from the fermentation broth.

Recently, various attempts have been carried out to
remove the lactic acid simultaneously as it is formed.
Hano et al. (89) studied the reactive extraction of lactic
acid from the fermented broth. They indicated that in
situ extraction was possible with the use of di-n-octyl-
amine and with adjustment of the fermentation broth to
a pH=5.0 by ammonia. Iyer and Lee (82) attempted to
extract lactic acid simultaneously with the use of a two-
-zone fermentor-extractor system. The system was opera-
ted under a fed-batch mode with in situ removal of lactic
acid by solvent extraction. Electrodialysis fermentation
with ion exchange membranes was often used for in situ

removal of lactic acid (83,90). Min-Tian et al. (84) had
previously developed a continuous electrodialysis fermen-
tation system for the production of lactic acid. In their
study, the system of electrodialysis fermentation with a
level meter was the most efficient system and a higher
yield could be obtained if the glucose concentration in
the broth could be controlled to remain at a lower level.
Nanofiltration membranes and ion exchange resins were
occasionally coupled with the bioreactor for in situ re-
moval of lactic acid (85,86).

Current Uses and Applications of Lactic Acid

Lactic acid has received a significant amount of at-
tention as a chemical with many potential applications.
There are four major categories for the current uses and
applications of lactic acid: food, cosmetic, pharmaceutical,
and chemical applications. The potential applications of
lactic acid are illustrated in Fig. 3. Since lactic acid is
classified as GRAS for use as a food additive by the US
FDA (4), it is widely used in almost every segment of
the food industry, where it serves in a wide range of
functions, such as flavouring, pH regulation, improved
microbial quality, and mineral fortification. Moreover,
lactic acid is used commercially in the processed meat
and poultry industries, to provide products with an in-
creased shelf life, enhanced flavour, and better control
of food-born pathogens. Due to the mild acidic taste of
lactic acid, it is also used as an acidulant in salads and
dressings, baked goods, pickled vegetables, and bever-
ages. Lactic acid is used in confectionery, not only for
flavour, but also to bring the pH of the cooked mix to
the correct point for setting. The advantages of adding
lactic acid in confectionery include its low inversion
rate, ease of handling, and ability to produce clear can-
dies. Another potential application of lactic acid in the
food industry is the mineral fortification of food prod-
ucts (91,92).

Lactic acid offers natural ingredients for cosmetic ap-
plications. Although primarily used as moisturizers and
pH regulators, they possess multiple other properties
such as antimicrobial activity, skin lightening, and skin

Table 3. Reports in the literature of recent investigations on the biotechnological production of lactic acid by different fermentation
approaches

Organism Fermentation mode
g(lactic acid)

g/L

Productivity

g/(L·h)
Reference

Lactobacillus casei SU No 22 +

Lactobacillus lactis WS 1042

fed-batch, coimmobilization
47.0 2.0 (32)

Enterococcus faecalis RKY1 batch 95.7 4.0 (79)

repeated batch, cell-recycle via membrane 93.2 6.4 (79)

Lactobacillus rhamnosus ATCC 10863 batch ~ 120.0 2.1 (80)

continuous, cell-recycle via membrane 92.0 57.0 (80)

Lactobacillus casei ssp. rhamnosus ATCC 11443 continuous, cell-recycle via immobilization 22.4 9.0 (81)

Lactobacillus delbrueckii NRRL B445 fed-batch, in situ removal via solvent extraction ~ 23.1 0.2 (82)

Lactococcus lactis IO-1 JCM 7638 batch, in situ removal via electrodialysis ~ 39.0 0.9 (83)

Lactobacillus rhamnosus IFO 3863 batch 98.0 1.9 (84)

continuous, in situ removal via electrodialysis ~ 20.0 8.2 (84)

Lactobacillus helveticus CNRZ 303 continuous, cell-recycle via membrane 55.0 7.1 (85)

Lactobacillus delbrueckii CECT 286 continuous, in situ removal via ion-exchange resin 26.1 10.4 (86)



hydration. The moisturizing effect is related directly to
lactate’s water retaining capacity, and the skin-lighten-
ing action of lactic acid is produced by the suppression
of the formation of tyrosinase. Since they are natural in-
gredients of the human body, lactic acid and its salt fit
perfectly into the modern trend towards natural and sa-
fer formulations, and they produce such effects as skin
lightening and rejuvenation, which makes them very use-
ful as active ingredients in cosmetics (91,92).

Lactic acid is also used in the pharmaceutical indus-
try as an electrolyte in many parenteral/I.V. (intravenous)
solutions that are intended to replenish the bodily fluids
or electrolytes. Examples include Lactated Ringer’s or
Hartmann’s solutions, CAPD (continuous ambulatory pe-
ritoneal dialysis) solution, and dialysis solution for con-
ventional artificial kidney machines. Moreover, lactic acid
is used in a wide variety of mineral preparations, which
include tablets, prostheses, surgical sutures, and con-
trolled drug delivery systems (91,92).

Lactic acid and its salt are used increasingly in vari-
ous types of chemical products and processes. In this ca-
tegory of applications, lactic acid functions as a descal-
ing agent, pH regulator, neutralizer, chiral intermediate,
solvent, cleaning agent, slow acid-release agent, metal
complexing agent, antimicrobial agent, and humectant.
Natural lactic acid has an emerging use as an excellent
and safe solvent, which is alternative in many fine me-
chanical cleaning applications. Due to the high solvency
power and solubility of lactic acid, it is an excellent
remover of polymer and resins. It is available with an
isomeric purity greater than 98 %, and is suitable as a
starting material in the production of herbicides or
pharmaceuticals. Since lactic acid offers better descaling
properties than conventional organic descalers do, it is
often used in many decalcification products, such as
bathroom cleaners, coffee machines, and toilets. Ethyl

lactate is used in many anti-acne preparations, because
it combines excellent solvency power against oils and
polymeric stains, with no environmental impact and to-
xicological effects (4,91,92).

Currently, lactic acid is considered the most poten-
tial feedstock monomer for chemical conversions, be-
cause it contains two reactive functional groups, a car-
boxylic group and a hydroxyl group. Lactic acid can
undergo a variety of chemical conversions into poten-
tially useful chemicals, such as propylene oxide (via hy-
drogenation), acetaldehyde (via decarboxylation), acrylic
acid (via dehydration), propanoic acid (via reduction),
2,3-pentanedione (via condensation), and dilactide (via
self-esterification) (8). Lactic acid has recently received a
great deal of attention as a feedstock monomer for the
production of PLA, which serves as a biodegradable
commodity plastic. The optically pure lactic acid can be
polymerized into a high molecular mass PLA through
the serial reactions of polycondensation, depolymeriza-
tion, and ring-opening polymerization (7). The resultant
polymer, PLA, has numerous uses in a wide range of
applications, such as protective clothing, food packag-
ing, mulch film, trash bags, rigid containers, shrink wrap,
and short shelf-life trays (93,94). The recent huge growth
of the PLA market will stimulate future demands on
lactic acid considerably (4,6).

Conclusions and Future Potentials

The current major markets for lactic acid are food-
-related industries, but the emerging markets for PLA
polymer would cause a significant increase in growth of
lactic acid consumption (4,10). Currently, the worldwide
consumption of lactic acid is estimated to be 130 000–
–150 000 (metric) tonnes per year, and the commercial pri-
ces of food grade lactic acid range between 1.38 US$/kg

Fig. 3. Diagram of the commercial uses and applications of lactic acid and its salt



(for 50 % purity) and 1.54 US$/kg (for 88 % purity). Tech-
nical grade lactic acid with 88 % purity has been priced
as much as 1.59 US$/kg (11,95). Lactic acid consump-
tion in chemical applications, which include PLA poly-
mer and new »green« solvents, such as ethyl lactate, is
expected to expand 19 % per year (96).

There are several major manufacturers of fermenta-
tive lactic acid, including Purac (Netherlands), Galactic
(Belgium), Cargill (USA), and several Chinese compa-
nies (91,92). In late 1997, Cargill joined forces with Dow
Chemical and established a Cargill-Dow PLA polymer
venture, NatureWorks LLC, which exists today as a stand-
-alone company. In early 2002, NatureWorks LLC com-
pleted the construction of a PLA plant that has the ca-
pacity of producing 140 000 (metric) tonnes of PLA per
year. Moreover, NatureWorks LLC has recently con-
structed a major lactic acid facility in Blair, Nebraska,
USA, which has the capacity of producing 180 000 (met-
ric) tonnes of lactic acid per year, and it began operating
in late 2002 (96,97). NatureWorks LLC has stated pub-
licly its belief that the PLA market will reach 500 000
(metric) tonnes per year worldwide by 2010, and the con-
struction of two additional PLA plants are being consid-
ered presently (12,97,98).

On an industrial scale, the manufacturing cost of lac-
tic acid monomer will be targeted to less than 0.8 US$/kg,
because the selling price of PLA should decrease rough-
ly by half from its present price of 2.2 US$/kg. Accord-
ing to the cost analysis by Datta et al. (4), although their
analysis was sensitive to various factors such as plant
size, raw material cost, and capital investment, the base
manufacturing cost of lactic acid was estimated to be 0.55
US$/kg. However, there are still several issues that need
to be addressed in order to produce lactic acid biotechno-
logically within the targeted cost, such as the develop-
ment of high-performance lactic acid-producing micro-
organisms and the lowering of the costs of raw materials
and fermentation processes. The biotechnological proces-
ses for the production of lactic acid from cheap raw ma-
terials should be improved further to make them com-
petitive with the chemically-derived one.

References

1. B.E. Davison, R.L. Llanos, M.R. Cancilla, N.C. Redman,
A.J. Hillier, Current research on the genetics of lactic acid
production in lactic acid bacteria, Int. Dairy J. 5 (1995) 763–
784.

2. H. Benninga: A History of Lactic Acid Making, Kluwer Aca-
demic Publishers, Dordrecht, Netherlands (1990) pp. 1–61.

3. T.B. VickRoy: Lactic Acid. In: Comprehensive Biotechnology,
Vol. 3, M. Moo-Young (Ed.), Pergamon Press, New York,
USA (1985) pp. 761–776.

4. R. Datta, S.P. Tsai, P. Bonsignore, S.H. Moon, J.R. Frank,
Technological and economic potential of poly(lactic acid)
and lactic acid derivatives, FEMS Microbiol. Rev. 16 (1995)
221–231.

5. K. Hofvendahl, B. Hahn-Hägerdal, Factors affecting the fer-
mentative lactic acid production from renewable resour-
ces, Enzyme Microb. Technol. 26 (2000) 87–107.

6. J. Lunt, Large-scale production, properties and commercial
applications of polylactic acid polymers, Polym. Degrad. Sta-
bil. 59 (1998) 145–152.

7. A. Södergård, M. Stolt, Properties of lactic acid based po-
lymers and their correlation with composition, Prog. Po-
lym. Sci. 27 (2002) 1123–1163.

8. S. Varadarajan, D.J. Miller, Catalytic upgrading of fermen-
tation-derived organic acids, Biotechnol. Progr. 15 (1999)
845–854.

9. C. Åkerberg, G. Zacchi, An economic evaluation of the fer-
mentative production of lactic acid from wheat flour, Bio-
resour. Technol. 75 (2000) 119–126.

10. J.H. Litchfield, Microbiological production of lactic acid, Adv.
Appl. Microbiol. 42 (1996) 45–95.

11. F. Mirasol, Lactic acid prices falter as competition tough-
en, Chemical Market Reporter, 255 (1999) 16.

12. Technical report on Process Evaluation/Research Planning
Program PERP00-S3: Biotech routes to lactic acid/polylac-
tic acid, Chem Systems (2002) (http://www.chemsystems.com/
search/docs/abstracts/00-S3-abs.pdf).

13. Y. Zhou, J.M. Domínguez, N. Cao, J. Du, G.T. Tsao, Opti-
mization of L-lactic acid production from glucose by Rhizo-
pus oryzae ATCC 52311, Appl. Biochem. Biotechnol. 78 (1999)
401–407.

14. E.Y. Park, Y. Kosakai, M. Okabe, Efficient production of
L(+)-lactic acid using mycelial cotton-like flocs of Rhizopus
oryzae in an air-lift bioreactor, Biotechnol. Progr. 14 (1998)
699–704.

15. J.S. Yun, Y.J. Wee, H.W. Ryu, Production of optically pure
L(+)-lactic acid from various carbohydrates by batch fer-
mentation of Enterococcus faecalis RKY1, Enzyme Microb.
Technol. 33 (2003) 416–423.

16. A.R. Berry, C.M.M. Franco, W. Zhang, A.P.J. Middelberg,
Growth and lactic acid production in batch culture of Lac-
tobacillus rhamnosus in a defined medium, Biotechnol. Lett.
21 (1999) 163–167.

17. A.W. Schepers, J. Thibault, C. Lacroix, Lactobacillus helveti-
cus growth and lactic acid production during pH-control-
led batch cultures in whey permeate/yeast extract medi-
um. Part I. Multiple factor kinetic analysis, Enzyme Microb.
Technol. 30 (2002) 176–186.

18. C.N. Burgos-Rubio, M.R. Okos, P.C. Wankat, Kinetic stu-
dy of the conversion of different substrates to lactic acid
using Lactobacillus bulgaricus, Biotechnol. Progr. 16 (2000) 305–
314.

19. M. Hujanen, Y.Y. Linko, Effect of temperature and various
nitrogen sources on L(+)-lactic acid production by Lacto-
bacillus casei, Appl. Microbiol. Biotechnol. 45 (1996) 307–313.

20. W. Fu, A.P. Mathews, Lactic acid production from lactose
by Lactobacillus plantarum: Kinetic model and effects of pH,
substrate, and oxygen, Biochem. Eng. J. 3 (1999) 163–170.

21. G. Bustos, A.B. Moldes, J.M. Cruz, J.M. Domínguez, Pro-
duction of fermentable media from vine-trimming wastes
and bioconversion into lactic acid by Lactobacillus pentosus,
J. Sci. Food Agric. 84 (2004) 2105–2112.

22. C. Vishnu, G. Seenayya, G. Reddy, Direct conversion of
starch to L(+)-lactic acid amylase producing Lactobacillus
amylophilus GV6, Bioprocess Eng. 23 (2000) 155–158.

23. C. Kotzanmanidis, T. Roukas, G. Skaracis, Optimization of
lactic acid production from beet molasses Lactobacillus del-
brueckii NCIMB 8130, World J. Microbiol. Biotechnol. 18 (2002)
442–448.

24. N.D. Roble, J.C. Ogbonna, H. Tanaka, L-lactic acid produc-
tion from raw cassava starch in a circulating loop biore-
actor with cell immobilized in loofa (Luffa cylindrica), Bio-
technol. Lett. 25 (2003) 1093–1098.

25. A. Tay, S.T. Yang, Production of L(+)-lactic acid from glu-
cose and starch by immobilized cells of Rhizopus oryzae in
a rotating fibrous bed bioreactor, Biotechnol. Bioeng. 80 (2002)
1–12.



26. Y. Kosakai, Y.S. Park, M. Okabe, Enhancement of L(+)-lac-
tic acid production using mycelial flocs of Rhizopus oryzae,
Biotechnol. Bioeng. 55 (1999) 461–470.

27. P. Yin, N. Nishiya, Y. Kosakai, K. Yahira, Y.S. Park, M.
Okabe, Enhanced production of L(+)-lactic acid from corn
starch in a culture of Rhizopus oryzae using an air-lift bio-
reactor, J. Ferment. Bioeng. 84 (1997) 249–253.

28. Y. Oda, K. Saito, H. Yamauchi, M. Mori, Lactic acid fer-
mentation of potato pulp by the fungus Rhizopus oryzae,
Curr. Microbiol. 45 (2002) 1–4.

29. L.T. Axelsson: Lactic Acid Bacteria: Classification and Phys-
iology. In: Lactic Acid Bacteria, S. Salminen, A. Wright
(Eds.), Marcel Dekker, New York, USA (1993) pp. 1–63.

30. T.D. Thomas, D.C. Ellwood, M.C. Longyear, Change from
homo- and heterolactic fermentation by Streptococcus lactis
resulting from glucose limitation in anaerobic chemostat
cultures, J. Bacteriol. 138 (1979) 109–117.

31. J.S. Smith, A.J. Hiller, G.J. Lees, The nature of stimulation
of the growth of Streptococcus lactis by yeast extract, J. Dai-
ry Res. 42 (1975) 123–138.

32. T. Roukas, P. Kotzekidou, Lactic acid production from de-
proteinized whey by mixed cultures of free and coimmo-
bilized Lactobacillus casei and Lactococcus lactis cells using
fedbatch culture, Enzyme Microb. Technol. 22 (1998) 199–204.

33. M. Altaf, B.J. Naveena, G. Reddy, Screening of inexpen-
sive nitrogen sources for production of L(+)-lactic acid
from starch by amylolytic Lactobacillus amylophilus GV6 in
single step fermentation, Food Technol. Biotechnol. 43 (2005)
235–239.

34. B.J. Naveena, M. Altaf, K. Bhadrayya, G. Reddy, Produc-
tion of L(+)-lactic acid by Lactobacillus amylophilus GV6 in
semi-solid state fermentation using wheat bran, Food Tech-
nol. Biotechnol. 42 (2004) 147–152.

35. J.M. Monteagudo, L. Rodríguez, J. Rincón, J. Fuertes, Ki-
netics of lactic acid fermentation by Lactobacillus delbrueckii
grown on beet molasses, J. Chem. Technol. Biotechnol. 68
(1997) 271–276.

36. Y. Göksungur, U. Güvenç, Production of lactic acid from
beet molasses by calcium alginate immobilized Lactobacil-
lus delbrueckii IFO 3202, J. Chem. Technol. Biotechnol. 74 (1999)
131–136.

37. C. Åkerberg, K. Hofvendahl, G. Zacchi, B. Hahn-Hägerdal,
Modeling the influence of pH, temperature, glucose and
lactic acid concentrations on the kinetic of lactic acid pro-
duction by Lactococcus lactis ssp. lactis ATCC 19435 in whole-
-wheat flour, Appl. Microbiol. Biotechnol. 49 (1998) 682–690.

38. Y.J. Wee, J.N. Kim, J.S. Yun, H.W. Ryu, Utilization of su-
gar molasses for economical L(+)-lactic acid production by
batch fermentation of Enterococcus faecalis, Enzyme Microb.
Technol. 35 (2004) 568–573.

39. K. Kylä-Nikkilä, M. Hujanen, M. Leisola, A. Palva, Meta-
bolic engineering of Lactobacillus helveticus CNRZ32 for pro-
duction of pure L(+)-lactic acid, Appl. Environ. Microbiol. 66
(2000) 3835–3841.

40. B.S. Dien, N.N. Nichols, R.J. Bothast, Recombinant Esche-
richia coli engineered for production of L-lactic acid from
hexose and pentose sugars, J. Ind. Microbiol. Biotechnol. 27
(2001) 259–264.

41. B.S. Dien, N.N. Nichols, R.J. Bothast, Fermentation of su-
gar mixtures using Escherichia coli catabolite repression mu-
tants engineered for production of L-lactic acid, J. Ind. Mi-
crobiol. Biotechnol. 29 (2002) 221–227.

42. D.E. Chang, H.C. Jung, J.S. Rhee, J.G. Pan, Homofermenta-
tive production of D- or L-lactate in metabolically engine-
ered Escherichia coli RR1, Appl. Environ. Microbiol. 65 (1999)
1384–1389.

43. E.W.J. van Niel, B. Hahn-Hägerdal, Nutrients requirements
of lactococci in defined growth media, Appl. Microbiol. Bio-
technol. 52 (1999) 617–627.

44. A. Amrane, Evaluation of lactic acid bacteria autohydro-
lyzate for the supplementation of lactic acid bacteria fer-
mentation, World J. Microbiol. Biotechnol. 16 (2000) 207–209.

45. V. Arasaratnam, A. Senthuran, K. Balasubramaniam, Sup-
plementation of whey with glucose and different nitrogen
sources for lactic acid production by Lactobacillus delbru-
eckii, Enzyme Microb. Technol. 19 (1996) 482–486.

46. K. Richter, C. Berthold, Biotechnological conversion of su-
gar and starchy crops into lactic acid, J. Agric. Eng. Res. 71
(1998) 181–191.

47. K. Richter, A. Träger, L(+)-lactic acid from sweet sorghum
by submerged and solid-state fermentations, Acta Biotech-
nol. 14 (1994) 367–378.

48. K. Hofvendahl, B. Hahn-Hägerdal, L-lactic acid production
from whole wheat flour hydrolysate using strains of Lacto-
bacilli and Lactococci, Enzyme Microb. Technol. 20 (1997)
301–307.

49. H. Oh, Y.J. Wee, J.S. Yun, S.H. Han, S. Jung, H.W. Ryu,
Lactic acid production from agricultural resources as cheap
raw materials, Bioresour. Technol. 96 (2005) 1492–1498.

50. W. Xiaodong, G. Xuan, S.K. Rakshit, Direct fermentative
production of lactic acid on cassava and other starch sub-
strates, Biotechnol. Lett. 19 (1997) 841–843.

51. J.S. Yun, Y.J. Wee, J.N. Kim, H.W. Ryu, Fermentative pro-
duction of DL-lactic acid from amylase-treated rice and
wheat brans hydrolyzate by a novel lactic acid bacterium,
Lactobacillus sp., Biotechnol. Lett. 26 (2004) 1613–1616.

52. Y.Y. Linko, P. Javanainen, Simultaneous liquefaction, sac-
charification, and lactic acid fermentation on barley starch,
Enzyme Microb. Technol. 19 (1996) 118–123.

53. C. Vishnu, G. Seenayya, G. Reddy, Direct fermentation of
various pure and crude starchy substrates to L(+)-lactic
acid using Lactobacillus amylophilus GV6, World J. Microbiol.
Biotechnol. 18 (2002) 429–433.

54. R. Yáñez, A.B. Moldes, J.L. Alonso, J.C. Parajó, Production
of D(–)-lactic acid from cellulose by simultaneous saccha-
rification and fermentation using Lactobacillus coryniformis
subsp. torquens, Biotechnol. Lett. 25 (2003) 1161–1164.

55. S. Miura, T. Arimura, N. Itoda, L. Dwiarti, J.B. Feng, C.H.
Bin, M. Okabe, Production of L-lactic acid from corncob, J.
Biosci. Bioeng. 97 (2004) 153–157.

56. R. Yáñez, J.L. Alonso, J.C. Parajó, D-lactic acid production
from waste cardboard, J. Chem. Technol. Biotechnol. 80 (2005)
76–84.

57. E.Y. Park, P.N. Anh, N. Okuda, Bioconversion of waste of-
fice paper to L(+)-lactic acid by the filamentous fungus Rhi-
zopus oryzae, Bioresour. Technol. 93 (2004) 77–83.

58. A.B. Moldes, J.L. Alonso, J.C. Parajó, Strategies to improve
the bioconversion of processed wood into lactic acid by si-
multaneous saccharification and fermentation, J. Chem. Tech-
nol. Biotechnol. 76 (2001) 279–284.

59. Y.J. Wee, J.S. Yun, D.H. Park, H.W. Ryu, Biotechnological
production of L(+)-lactic acid from wood hydrolyzate by
batch fermentation of Enterococcus faecalis, Biotechnol. Lett.
26 (2004) 71–74.

60. A.W. Schepers, J. Thibault, C. Lacroix, Lactobacillus heveti-
cus growth and lactic acid production during pH-control-
led batch cultures in whey permeate/yeast extract medium.
Part II: Kinetic modeling and model validation, Enzyme Mi-
crob. Technol. 30 (2002) 187–194.

61. A.O. Büyükkilci, S. Harsa, Batch production of L(+)-lactic
acid from whey by Lactobacillus casei (NRRL B-441), J. Chem.
Technol. Biotechnol. 79 (2004) 1036–1040.

62. K.V. Venkatesh, Simultaneous saccharification and fermen-
tation of cellulose to lactic acid, Bioresour. Technol. 62 (1997)
91–98.

63. M. Chatterjee, S.L. Chakrabarty, B.D. Chattopadhyay, R.K.
Mandal, Production of lactic acid by direct fermentation of



starchy wastes by an amylase-producing Lactobacillus, Bio-
technol. Lett. 19 (1997) 873–874.

64. C. Ruengruglikit, Y.D. Hang, L(+)-lactic acid production from
corncobs by Rhizopus oryzae NRRL-395, Lebensm. Wiss. Tech-
nol. – Food Sci. Technol. 36 (2003) 573–575.

65. H.K. Sreenath, A.B. Moldes, R.K. Koegel, R.J. Straub, Lac-
tic acid production from agricultural residues, Biotechnol.
Lett. 23 (2001) 179–184.

66. A. Garde, G. Jonsson, A.S. Schmidt, B.K. Ahring, Lactic acid
production from wheat straw hemicellulose hydrolyzate by
Lactobacillus pentosus and Lactobacillus brevis, Bioresour. Tech-
nol. 81 (2002) 217–223.

67. E. Palmqvist, B. Hahn-Hägerdal, Fermentation of lignocel-
lulosic hydrolyzates. II: Inhibitors and mechanisms of in-
hibition, Bioresour. Technol. 74 (2000) 25–33.

68. E. Palmqvist, B. Hahn-Hägerdal, Fermentation of lignocel-
lulosic hydrolyzates. I: Inhibition and detoxification, Bio-
resour. Technol. 74 (2000) 17–24.

69. A. Amrane, Y. Prigent, Lactic acid production rates during
the different growth phases of Lactobacillus helveticus culti-
vated on whey supplemented with yeast extract, Biotech-
nol. Lett. 20 (1998) 379–383.

70. U. Kulozik, J. Wilde, Rapid lactic acid production at high
cell concentrations in whey ultrafiltrate by Lactobacillus hel-
veticus, Enzyme Microb. Technol. 24 (1999) 297–302.

71. J.J. Fitzpatrick, U. O’Keeffe, Influence of whey protein hy-
drolyzate addition to whey permeate batch fermentations
for producing lactic acid, Process Biochem. 37 (2001) 183–
186.

72. J.J. Fitzpatrick, M. Ahrens, S. Smith, Effect of manganese
on Lactobacillus casei fermentation to produce lactic acid from
whey permeate, Process Biochem. 36 (2001) 671–675.

73. T. Pauli, J.J. Fitzpatrick, Malt combing nuts as a nutrient
supplement to whey permeate for producing lactic acid by
fermentation with Lactobacillus casei, Process Biochem. 38
(2002) 1–6.

74. V.B. Shukla, S. Zhou, L.P. Yomano, K.T. Shanmugam, J.F.
Preston, L.O. Ingram, Production of D(–)-lactic acid from
sucrose and molasses, Biotechnol. Lett. 26 (2004) 689–693.

75. O.D. Dailey Jr., M.K. Dowd, J.C. Mayorga, Influence of
lactic acid on the solubilization of protein during corn
steeping, J. Agric. Food Chem. 48 (2000) 1352–1357.

76. E.B. Kurbanoglu, N.I. Kurbanoglu, Utilization of lactic acid
production with a new acid hydrolysis of ram horn waste,
FEMS Microbiol. Lett. 225 (2003) 29–34.

77. G. Bustos, A.B. Moldes, J.M. Cruz, J.M. Domínguez, For-
mulation of low-cost fermentative media for lactic acid pro-
duction with Lactobacillus rhamnosus using vinification lees
as nutrients, J. Agric. Food Chem. 52 (2004) 801–808.

78. Y.J. Wee, J.S. Yun, Y.Y. Lee, A.P. Zeng, H.W. Ryu, Recov-
ery of lactic acid by repeated batch electrodialysis and lac-
tic acid production using electrodialysis wastewater, J. Bio-
sci. Bioeng. 99 (2005) 104–108.

79. H. Oh, Y.J. Wee, J.S. Yun, H.W. Ryu, Lactic acid produc-
tion through cell-recycle repeated-batch bioreactor, Appl.
Biochem. Biotechnol. 107 (2003) 603–613.

80. S. Kwon, I.K. Yoo, W.G. Lee, H.N. Chang, Y.K. Chang,
High-rate continuous production of lactic acid by Lactoba-

cillus rhamnosus in a two-stage membrane cell-recycle bio-
reactor, Biotechnol. Bioeng. 73 (2001) 25–34.

81. J.C. Cotton, A.L. Pometto III, J. Gvozdenovic-Jeremic, Con-
tinuous lactic acid fermentation using plastic composite sup-
port biofilm reactor, Appl. Microbiol. Biotechnol. 57 (2001)
626–630.

82. P.V. Iyer, Y.Y. Lee, Simultaneous saccharification and ex-
tractive fermentation of lignocellulosic materials into lactic
acid in a two-zone fermentor-extractor system, Appl. Bio-
chem. Biotechnol. 78 (1999) 409–419.

83. Y. Nomura, M. Iwahara, J.E. Hallsworth, T. Tanaka, A. Ishi-
zaki, High-speed conversion of xylose to L-lactate by elec-
trodialysis bioprocess, J. Biotechnol. 60 (1998) 131–135.

84. G. Min-Tian, M. Koide, R. Gotou, H. Takanashi, M. Hirata,
T. Hano, Development of a continuous fermentation sys-
tem for production of lactic acid by Lactobacillus rhamno-
sus, Process Biochem. 40 (2005) 1033–1036.

85. R. Jeantet, J.L. Maubois, P. Boyaval, Semicontinuous pro-
duction of lactic acid in a bioreactor coupled with nano-
filtration membranes, Enzyme Microb. Technol. 19 (1996) 614–
619.

86. J.M. Monteagudo, M. Aldavero, Production of L-lactic acid
by Lactobacillus delbrueckii in chemostat culture using an
ion exchange resins system, J. Chem. Technol. Biotechnol. 74
(1999) 627–634.

87. A. Senthuran, V. Senthuran, R. Hatti-Kaul, B. Mattiasson,
Lactic acid production by immobilized Lactobacillus casei in
recycle batch reactor: A step towards optimization, J. Bio-
technol. 73 (1999) 61–70.

88. L.M.D. Gonçalves, A. Ramos, J.S. Almeida, A.M.R.B. Xa-
vier, M.J.T. Carrondo, Elucidation of the mechanism of lac-
tic acid growth inhibition and production in batch cultu-
res of Lactobacillus rhamnosus, Appl. Microbiol. Biotechnol. 48
(1997) 346–350.

89. T. Hano, M. Matsumoto, S. Uenoyama, T. Ohtake, Y. Ka-
wano, S. Miura, Separation of lactic acid from fermented
broth by solvent extraction, Bioseparation, 3 (1993) 321–326.

90. Y.H. Kim, S.H. Moon, Lactic acid recovery from fermenta-
tion broth using one-stage electrodialysis, J. Chem. Technol.
Biotechnol. 76 (2001) 169–178.

91. Bulletin of the Purac (http://www.purac.com/).

92. Bulletin of the Galactic (http://www.lactic.com/).

93. R.E. Drumright, P.R. Gruber, D.E. Henton, Polylactic acid
technology, Adv. Mater. 12 (2000) 1841–1846.

94. E.T.H. Vink, K.R. Rábago, D.A. Glassner, P.R. Gruber, Ap-
plications of life cycle assessment to NatureWorksTM poly-
lactide (PLA) production, Polym. Degrad. Stabil. 80 (2003)
403–419.

95. Prices & people, Chemical Market Reporter, 267 (2005) 24–26.

96. L. Jarvis, Prospects for lactic acid are healthy as demand
for all end uses grows, Chemical Market Reporter, 263 (2003)
12.

97. Bulletin of the NatureWorks LLC (http://www.naturework
sllc.com/).

98. C. Boswell, Bioplastics aren’t the stretch they once seemed,
Chemical Market Reporter, 260 (2001) FR15–FR17.































































































1 

111 Resources and Conservation, 8 (1982) 111-129 
Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

OPTIONS FOR HANDLING STILLAGE WASTE FROM SUGAR-BASED 
FUEL ETHANOL PRODUCTION 

IAN P. WILLINGTON* and GERALD G. MARTEN 

Environment and Policy Institute, East- West Center, Honolulu, Hawaii 96848 (U.S.A.) 

(Received 26th May 1981; accepted in revised form 28th December 1981) 

ABSTRACT 

While the stillage waste from ethanol fuel production can be a serious source of water 
pollution, it can also be a valuable resource from which to recover useful products such as 
fertilizer, animal feed, or methane gas. Selecting the most appropriate stillage manage
ment is a matter of trade-offs between energy, economic, and environmental considera
tions. There is a need for an information clearing-house on commercial stillage handling 
processes to assist ethanol fuel developers in matching processes to their needs. 

INTRODUCTION 

Many countries throughout the world are seriously looking for ways to 
reduce their petroleum imports because of recent spirals in petroleum prices. 
They are looking toward alternative sources of energy that can be produced 
locally. Many of the new liquid fuel technologies, however, will require mas
sive capital investments and long lead times before they are in large-scale 
production. In contrast, fermentation distilleries for ethanol can go into im
mediate production. With the technology already well proven, the distilleries 
can use a variety of feedstocks (sugars and starches) that can be produced al
most anywhere in the world. 

Figure 1 shows some of the issues concerning large-scale alcohol fuel 
development [1] . The basic policy question at the top of the diagram is 
entwined with issues and management questions that arise proceeding down
ward in the diagram. Many of the issues revolve around the question of what 
land will be used to grow the feedstock, economic competitiveness of al
cohol with petroleum, or the need for an assured domestic source of liquid 
fuel even if it is not fully competitive. There is, however, also the issue of 
liquid stillage waste produced as a by-product of the fermentation-distilla
tion process and what should be done with it. 

A distillery produces about 13 liters of stillage for every liter of alcohol 
[2]. A typical large distillery, which produces 150 m3/day of ethanol, there
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fore produces an additional 2000 m3 of stillage. This volume is not excessive 
compared with typical volumes of industrial effluents or the hydraulic 
capacity of conventional waste water treatment, but when the volume of the 
stillage is multiplied by the concentration of biological oxygen demand 
(BOD), which is much greater than for sewage, the scale of the water treat
ment problem becomes enormous. It is possible to gain a perspective by ex
pressing the BOD load in terms of population equivalents. Table 1 shows 
that a 150 m3 /day molasses distillery produces as much BOD as the sewage 
from a city of about 1.2 million inhabitants. 

TABLE 1 

Approximate population equivalents for stillage from a molasses distillery, assuming daily 
sewage production to be 75 g BOD per capitaa 

Ethanol production (m 3 /day) Population equivalentb 

30 250,000 
60 500,000 

120 1,000,000 
150 1,200,000 
200 1,600,000 
250 2,000,000 

a Personal communication, Metropolitan Water, Sewerage and Drainage Board, Sydney, 
Australia. 

b Distilleries using only cane juice would have population equivalents somewhat less than 
half of those for molasses distilleries. 

Options for stillage handling 

All forms of stillage contain everything that was added to the fermenter 
less fermentable sugars plus ye~t metabolites and yeast cell contents. The 
exact composition of stillage depends on the raw material and distillery 
operating techniques. Some typical analyses of Australian stillage are in 
Table 2. All sugar-based stillages are low in pH and high in organic content, 
which gives them their high BOD. The ash content of molasses and cane
juice stillage is composed primarily of the inorganic components of the cane 
plant sap and is rich in potassium and magnesium. Calcium is introduced 
during sugar processing. The principal anions present are sulphate and 
chloride, and there are small amounts of phosphate and nitrogen. Molasses 
stillage generally has a higher organic and salt loading than other stillages. 

Stillage might be handled several ways [1,3,4]: 
1. Discharge to an adjacent waterway or land area. 
2. Marine outfall (discharge a substantial distance from shore). 
3. Return to agricultural fields. 
4. Conventional sewage treatment. 
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TABLE 2 

Typical composition of ethanol stillage 

Feedstock 

Molasses Cane juice 

pH 
Specific gravity 
Temperature (OC) 
BOD 
COD 
Dissolved solids 
Suspended solids 
Ash 
Organic matter 

4.8 
1.05 

90 
45,000 mg/Q 

113,000 mg/Q 
10% 
11% 

3% 
8% 

3.7-5.9 

20,000 mg/Q 

6-11% 
2-3% 
5-8% 

5. Lagoon treatment. 
6. Anaerobic digestion (and production of methane). 
7. Incineration to an ash which can be used as fertiliser. 
8. Evaporation to an animal feed (or use as an aquaculture feed). 

Some important characteristics of these stillage handling options are 
summarized in Table 3. 

Brazil has employed discharge to waterways (sometimes with lagoon treat
ment) and return to agricultural fields [5]. Japan has incinerated stillage to a 
fertilizer ash, and Australia has used conventional sewage treatment, land dis
posal, and marine outfalls [3] . Grain alcohol stillage in the United States has 
been evaporated and marketed as an animal feed [6] . 

These options vary enormously in their environmental characteristics and 
the degree to which they are commercially proven, consume or produce 
energy, lead to useful by-products, and cost or generate money (Table 3). 
For example, conventional sewage treatment of stillage would result in an 
environmentally clean discharge, but is very expensive. It would require sub
stantial expansion of existing treatment facilities and could add as much as 
20% to the production cost of the alcohol. 

Stillage handling options which require the smallest capital investment in
volve discharge of one sort or another. Of these, the least expensive is dis
charging directly from the factory, but this may have serious enVironmental 
consequences. Somewhat more expensive is discharge from an ocean outfall, 
which mayor may not have damaging effects, depending upon local condi
tions. The more expensive redistribution of the stillage to agricultural fields 
has the advantage of utilizing plant nutrients and soil conditioners in the 
stillage but has the hazard of toxic effects ("overfertilization") from exces
sive application. Toxicity effects from field application can be minimized by 
distributing the stillage over a large area, but this means more expense in the 
distribution system. 
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TABLE 3 

Characteristics of alcohol stillage handling options 
s:: 
0 
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Energy 
Net energy 0 0 + +b 0 

Economic 
Capital cost L L-M L-M Ha M H H H L-M 
Operating cost L L M-H H L M M M L 
Further treatment N N N N Y Y N N N 
Useful product N N Y N N Y Y Y Y 

Environmental impact 
Land use effect 0 0 H L M L 0 0 M 
Water quality impact H M-H L-M L L O-L 0 0 0 
Air quality impact 0 0 L-M 0 0 L L L L-M 
Odor potential M-H L-M L-M L L-M L-M 0 L L-M 
Flora-fauna M-H L-M L-M L L L 0 0 L 

0 Nil aCapital cost to the distillery is low if it takes advantage of 
- Negative municipal sewage facilities. 
+ Positive b Varies with feedstock.
 
L Low
 
M Moderate
 
H High
 
N No
 
Y Yes
 

Four major products which can be derived from stillage are stock feed, 
fodder yeast, fertilizer, and biogas. The concept of stillage utilization implies 
the production and sale of marketable by-products or use by the distillery it
self. The revenue from by-product sales may cover the cost of by-product 
recovery or even produce a profitable cash flow. However, the capital cost of 
recovering useful by-products is considerably greater than costs of simple dis
posal, often as much as the distilation itself. If markets (or internal use) 
cannot be found, the by-products can be of negative value to the distillery. 

There are numerous trade-offs to consider in stillage handling options. 
A review of some of the available and potential options follows in more 
detail, but it must be stressed that there is no simple solution to distillery 
waste water problems. The choice of a stillage treatment method depends 
upon a number of factors: 
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1. The waste water characteristics. 
2. Applicable ambient and emission standards. 
3. Energy requirements of the distillery. 
4. Economics.
 
-5. Availability and cost of land.
 
6. The location of the distillery relative to receiving waters and by-product 

markets. 

DISPOSAL OPTIONS 

Marine and river discharge 

The simplest method of stillage disposal is dumping it into a conveniently 
located body of water such as a river or ocean. Depending on the proximity 
of the water body, this might also be the cheapest available method in terms 
of capital and operating costs, including energy costs. Therefore, this method 
is expected to have considerable use. Although aquatic disposal of stillage 
can be viewed as "throwing away" a valuable resource and can lead to water 
pollution if carried out in excess, it can nonetheless be an attractive interim 
measure until a product recovery system is in place. 

Environmental considerations 
Table 4 lists some of the effects of stillage on water quality. When 

stillage is added to a body of water, the dissolved oxygen content of that 
water is rapidly reduced. The extent of reduction will depend on the rela
tive volumes of stillage and water, the original oxygen content of the water, 
and the natural repl~nishment of dissolved oxygen in such forms as inflow 
of fresh water and surface aeration. Depletion of dissolved oxygen may 
proceed to a point where aerobic organism (from aerobic bacteria to fish) 
can no longer survive. When anaerobic conditions prevail, the waterway 
may become unpleasant, as foul-smelling reduced sulphur compounds are 
produced. 

TABLE 4 

Environmental impacts of alcohol stillage upon water quality and the aquatic ecosystem 

*Depletion of dissolved oxygen 
*Discoloration 
*Odors 

Eutrophication
 
Salinization (in fresh water)
 
Acidification
 
Increase in water temperature (locally)
 

*Changes in species composition of aquatic flora and fauna 
Fish kills (in extreme cases) 

*Most significant impacts. 
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Natural reoxygenation can generally replenish the depleted oxygen 
content of a body of water if the stillage is sufficiently diluted. The amount 
of dilution necessary varies with environmental conditions, but the quanti
ties of water involved can be appreciated by considering an example in which 
it is assumed that the stillage should be allowed to increase the BOD by no 
more than 20 mg/fl. A 150 m3 ethanol/day molasses distillery producing 
about 2000 m3/day of stillage at 45,000 mg/fl BOD would require a dilution 
of 2250 to 1 to achieve a final concentration of 20 mg BOD/fl. 4.5 Mm3/day 
of water would be required for dilution, a volume of water that would only 
be available in the ocean ,or a large river. Even with this dilution, the color of 
the final mixture would be about 30 Hazen Units, rather dark and possibly 
unacceptable to the public. 

Effects on fisheries depend on the relative volumes of stillage and water' 
flow. The social significance of these effects depends on the importance of 
fishing to the subsistence and livelihood of the communities involved. The 
significance for recreation likewise depends on the current and potential re
creational use of the water course and its surroundings. The effects can range 
from destruction of fishing to aesthetic problems, such as odor or coloring of 
the water. 

It is unlikely that the 150 m3 /day molasses distillery in the preceding dis
cussion could discharge into anything but the largest river without an exces
sive effect on the ecosystem. The smaller the distillery the greater the chance 
that discharge to a stre~ could be a reasonably satisfactory disposal option. 
However, even a relatively small (30 m3/day) cane juice distillery would 
require a stream flow of 900,000 m3{day so as not to exceed a 20 mg/fl BOD 
increase. This flow might be available in larger river basins, but the effects on 
other uses of the water would have to be carefully considered. 

Effects on potable water can range from minor changes in increased color 
and salt content to massive oxygen depletion leading to the death of fish and 
other organisms. Minor changes may be acceptable with current water treat
ment, but more drastic changes may only be correctable with increased 
water treatment costs. If the stream into which the stillage is discharged is 
used as a source of irrigation water, then stillage may actually impart some 
benefit to the irrigated crop. This will be site-specific, however, and depend 
on relative volumes of irrigation water and the nutrient requirements of the 
crop. In some areas, irrigation and subsequent higher water table levels are 
increasing stream salinity and affecting downstream users. Stillage would 
exacerbate this problem. 

The ocean has long been considered a large, assimilative receiving body for 
the acceptance of discharged wastes. With sufficient dispersion, sea waters 
should easily accommodate the high BOD, the salt content, and the low pH 
of. stillage. 

Stillage may enter the ocean indirectly by way of discharge to an estuary 
or nearby stream. This would be the least-cost option for a distillery not 
located adjacent to the ocean. Unless the stream is large, there may not be 
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sufficient dilution and discharged stillage may affect estuarine ecosystems. 
Negative effects may take the form of oxygen depletion, oversupply of 
nutrients upsetting nutrient balances, and color and turbidity decreasing 
availability of light to photosynthetic organisms. If dispersion is sufficient, 
the effects may be positive, with organic matter and nutrients in stillage 
stimulating productivity through the food chain. Because of the significance 
of estuaries on total marine ecosystems and their importance as breeding 
grounds for commercial and subsistence fisheries, an adequate assessment of 
potential effects is imperative. 

Distilleries located close to the sea have a fairly low-cost option of piping 
stillage to the coast and discharging off the shore. The best chances of 
achieving sufficient dispersion of stillage are by deep-water discharge or care
fully designed offshore diffuser systems. Barging and deep-water dumping 
are possibilities, but because of high capital and operating costs and 
dependence on weather, selection of such a system is unlikely. There could 
be barging of stillage that has been concentrated by evaporation, but evap
oration involves an increase in factory capital and operating costs and con
sumes more energy. 

Offshore diffuser systems are more promising. The design and location of 
a diffuser depends on the dilution required and on local tidal conditions, 
currents, and the sea floor, which can be assessed by hydrological surveys. 
Environmental impacts to be considered are those on the adjacent shoreline 
and estuarine ecosystems as well as coral reefs, which are particularly sensi
tive to minor changes in nutrient loadings. Ecological considerations should 
influence siting decisions and, in the case of coral reef systems, may dictate 
that a diffuser be located outside fringing reefs. Some locations are em
minently suited to ocean discharge due to extremely deep water or strong 
coastal currents. The laying of offshore pipelines is possible but can be ex
pensive because of sea-floor terrain. Pumping and environmental monitoring 
are additional costs. 

Stillage as an irrigant and crop fertilizer 

The use of stillage as an irrigant and crop fertilizer for sugar cane appears 
attractive. Sugar cane requires large amounts of water and inorganic 
nutrients, both of which stillage can supply. It seems sensible to return this 
material to the fields, substituting for purchased fertilizer inputs and supple
menting irrigation. 

Operational considerations 
The following questions address a number of issues raised when assessing 

the feasibility of stillage as an irrigant or fertilizer for sugar cane: 
1. What is the fertilizer requirement of the crop? 
2. What is the water requirement of the crop? How much of that require

ment is met by rainfall and existing irrigation? Is there a need for supple
mentary irrigation? 
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3. What is the fertilizer content and balance of the stillage? What is the 
volume of stillage available? 

4. During what seasons are irrigation water and fertilizer required by the 
crop? When is stillage available? 

5. How far is the crop located from the distillery? How far can stillage be 
transported economically? 

6. How will stillage be applied? What will be the consequences of over
application of stillage? 

7. Who controls the crop? How will this affect the management of stillage 
distribution? 

8. What standards and regulations cover such an application of effluent? 
Who is responsible for water pollution liability subsequent to the application 
of stillage to a crop? 

9. What is to be done with stillage or other waste water not required for 
the crop (because of excess volume, excess fertilizer, or seasonal reasons)? 

A molasses distillery will probably operate year round, but a cane juice 
distillery will operate only when cane is available. A molasses distillery may 
be at a disadvantage for land applications of its stillage because it may pro
duce stillage at times when the crop does not require irrigation. A cane juice 
distillery is usually located near its supply of cane, but a molasses distillery 
may be located centrally to the supply of molasses from a number of sugar 
mills. The salts in the stillage have, therefore, come from a large area and 
must be redistributed to a large area if over-application is to be avoided. 

Stillage could be blended with irrigation water to deliver it to the crop, or 
a special distribution system such as pipelines could be installed for crops 
close to the distillery, but more distant sites might only be serviced by 
tanker, which consumes liquid fuel. The organization of stillage distribution 
and application is facilitated if distillery operators also control the crop to be 
treated. The cane for a juice distillery or integrated sugar mill/distillery com
plex may come from production organizations ranging from highly organized 
estates managed by the distillery operator to a large number of small 
poldings operated by small producers. 

Environmental considerations 
In traditional fertilizer treatment, the management question is: "How 

little fertilizer can be added and still achieve worthwhile increases in yield?" 
With stillage as the fertilizer, the objective is to minimize distribution costs. 
Because stillage contains considerably more potassium than nitrogen or phos
phorous, the management question also becomes: "How much potassium 
can be added in the form of stillage before yields decline?" Effects of over
application of potassium may be short-term changes in cane quality and in
creases in the ash content of sugar produced from it [7] . 

The most important issue, however, is long-term productivity of the cane 
land. Experience with intensive land application of stillage in Australia (the 
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distillery operated by CSR Limited in Sarina, Queensland) has indicated that 
salts can accumulate in the soil until vegetation is no longer supported [8]. 
Although this is reversible, the interim effects on the viability of the industry 
could be serious. 

.A significant issue is the liability for pollution and other problems caused 
by misuse or accidents in stillage handling. A spill of the concentrated mate
rial or heavy rainfall shortly after application to a cane field could lead to 
serious contamination of a waterway. If the spill, run-off, or wash-off occurs 
on or from a grower's property, is the distillery operator liable? Does his 
liability end at the distillery gate or the farm gate? Who is responsible during 
transport? 

Another significant problem with stillage is odor, particularly in aqueous 
solutions, which rapidly become anaerobic. This may occur in cane fields 
when rain follows stillage application. ,Rainfall may also cause salts and color 
to appear in leachates from the cane fields and may affect downstream water 
quality. Fly breeding, which has occurred in intensively treated land disposal 
sites, may also be a problem in cane lands. 

Stock feed (evaporation or yeast) 

Stillage can be used as a feedstock for production of yeast as a high 
protein additive for animal feeds. It can also be concentrated to molasses 
consistency and added to stock feed, serving as a binding agent and providing 
nutrients. Stillage from com-based fermentation has high value as a stock 
feed, but stillage from molasses fermentation has a significantly lower 
market value as a stock feed, primarily because of the large amount of 
potassium it contains. 

Market considerations 
Because molasses has long been used for stock feed, molasses stillage may 

find a stock feed market by replacing the molasses that has been diverted 
from stock feed to distilleries. Such may be the case in Hawaii, where the 
bulk of molasses produced is currently exported to the continental United 
States for use as stock feed. Many other nations do' not have intensified 
cattle feedlot operations, so the domestic demand for stillage stock feed 
could be doubtful and at best seasonal. The potential for export markets 
may improve if more molasses is removed from the world market and large 
quantities of surplus grain are directed from animal feed to fermentation. 

Developers of new distilleries would have to be confident of the viability 
of the stock feed market before committing themselves to concentration of 
stillage. A collapse of the market could have disastrous effects on the eco
nomics of ethanol production and leave the distillery with a stillage disposal 
problem. The large com fermentation capacity under development or pro
jected for the United States includes, in many cases, plans for the production 
of feeds from com stillage. There may therefore be a large supply of feed 
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in North America available for export. Whether sugar-based stillage could 
achieve an adequate price in this competitive market is debatable. Because 
the stillage from cane juice and cassava distilleries has significantly less 
nutrient value than that from a molasses distillery, it is doubtful that the 
capital cost involved in producing a concentrate from cane juice or cassava 
stillage could be justified. 

The likely seasonal or export demand for stillage-based stock feed may 
require further concentration of the material to avoid spoilage in shipment 
or storage, adding to the energy costs of production. 

Production methods 
Evaporation of water from stillage in open solar ponds has been proposed 

as one method to produce a dried sludge for stock feed or fertilizer. How
ever, large areas of land could be required, depending on factory output and 
net evaporation rates; and concentrated stillage is an excellent breeding 
medium for flies. This method could be a viable, low capital cost proposition 
in areas with abundant, low-cost land and an excess of evaporation over rain
fall. Ponds would have to be designed and managed to minimize or control 
insect breeding and prevent overflow during heavy rainfall to avoid pollution 
of nearby waterways. Suitable methods of sludge removal, handling, and 
utilization would have to be developed. 

The main method for producing stock feed is to remove the water by heat 
evaporation. Molasses stillage, however, has proven difficult to concentrate 
using multiple-effect evaporators, and scaling of heat transfer surfaces is a 
recurring problem. Stock feeds produced by an evaporation plant will be 
costly and require significant energy input, adding to the distillery's overall 
net energy requirements. Solutions to scaling problems may require complex 
cleaning systems, adding to capital cost and introducing another effluent 
requiring treatment and disposal. 

Candida utilis can produce significant quantities of high quality yeast for 
animal feed when cultured in well aerated stillage. The stillage BOD is only re
duced by about 50% in yeast production, so a substantial residue still 
remains. There would also be a substantial power requirement for aeration, 
and more complex control than is needed for the production of ethanol. 
Nutrients may be required to achieve yeast growth. Additional fermenter 
capacity (about equal to that used for ethanol production) would be re
quired, as well as yeast recovery equipment (such as centrifuges) and 
dewatering equipment (such as drum rollers). Capital costs and operating 
costs are high, and the risks to be satisfied by a market return for the yeast 
are, therefore, substantial. Establishment of secure markets for yeast is 
essential before making a commitment to this option. 

Fertilizer (incineration) 

Market considerations 
To the extent that potassium and other salts in stillage can replace pur
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chased fertilizer inputs for farming, stillage or isolates from it will have a 
market value. The value at the farm gate will depend on the value of the re
placed fertilizer, the compatibility of the stillage material with existing 
application practice, and the possible need for purchases of other materials 
to supplement nutrient imbalances in the stillage fertilizer. The market value 
will have to be sufficient to cover the recovery and distribution costs of the 
stillage fertilizer, including capital costs. In 1978 stillage from the Sarina, 
Queensland distillery in Australia (50,000 m3 /yr capacity) had a value of 
about US$6.5 million when expressed in terms of the commercial fertilizer 
it might replace [8]. The stillage stream contained approximately 1100 Mg 
nitrogen, 100 Mg phosphorous, 6300 Mg potassium, 1200 Mg calcium, and 
800 Mg magnesium. Such a high potential value is sufficient to generate an 
interest in recovery and distribution, but the potential can only be realized 
if the material can be delivered to the farm in a usable form at a price com
petitive with conventional altematives~ 

Production methods 
Concentration of stillage nutrients could be effected if the organic com

ponents were retained by a membrane allowing passage of salts only. Be
cause a significant proportion of low-molecular-weight organic matter is 
present, a membrane with a cutoff at molecular weight 1000 would be re
quired. Some laboratory work has been done, and there is a great deal of 
potential for improving the technology in this area. Electrodialysis tech
niques have also been proposed but much work remains before such systems 
can be applied on a commercial scale. 

Incinerators can be designed to produce a soluble ash product with ex
cellent potential for use as fertilizer. This has the advantage of facilitating 
transport and distribution because of the low volume of the material" Be
cause the ash has a relatively high quantity of potassium, however, and 
farmers are accustomed to using a balanced fertilizer, it may be necessary to 
upgrade the ash by adding nitrogen and phosphorus. 

In addition to the ash, stillage incineration produces heat that can be used 
for process steam and electricity generation, improving the net energy 
balance of a distillery. Stillage incineration is not yet well established but is 
under development. Incineration facilities, with their attendant evaporation 
plants, heat recovery, and ash handling systems, involve high capital costs. 
(Estimates are about US$25 million for a 50,000 m3/yr molasses distillery.) 
Advantages of incinerators are complete removal of BOD and excellent heat 
recovery. To prevent air pollution, fly ash recovery must be an integral part 
of the incinerator plant. 

It is logical for operators of molasses distilleries to look to adapting the 
incinerator technology of other industries. The incineration of aqueous 
liquid organic wastes has been established for some years, especially in the 
pulp and paper industry. 

Japanese industry built a number of stillage incinerators in the early 
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1970s. These first generation incinerators were characterized by high capital 
and operating costs. The plants were large, sometimes as big as the distillery 
itself and, therefore, difficult to install in cramped industrial estates. Stillage 
was evaporated to about 40% solids in multiple-effect evaporators and then 
introduced to the incinerator's combustion chamber with atomizing steam. 
A supplemental fuel (oil or natural gas) was often required to sustain combus
tion, and steam generated in the boiler was usually sufficient only for the 
stillage evaporation plant. Problems associated with the operation of evap
orator-incineration plants include scaling of evaporators and maintaining 
combustion temperatures to prevent overheating, which can cause fusion of 
the ash to an insoluble glass with no fertilizer value. 

The potential for energy recovery from stillage depends on the feedstock. 
The low solids content of cane juice stillage and its lower potassium concen
tration means that it will require more energy for evaporation, and the pro
duct ash will be of lower value than that from molasses, although most cane 
juice distilleries will have bagasse available for fuel. It may be difficult to 
justify the high capital expenditure of incineration for a cane juice distillery. 

Stillage from Australian molasses is characterized by high solids content 
and high calorific value. A feasibility study of incineration for one Australian 
distillery has indicated that steam can be produced for all the electrical and 
process steam requirements of the distillery. This would replace dependence 
on imported oil. The company that operates the distillery is investigating 
detailed designs for a commercial plant. 

In summary, the incineration of stillage is attractive for operators of 
molasses distilleries. It makes possible virtual independence from external 
energy sources, demand for water is significantly reduced because of con
densate recycling, and potassium can be returned to cane farms. The 
problems: are: 

1. there is no new-generation incinerator yet in commercial operation for
 
stillage;
 

2. capital costs are high, probably of the same order as the cost of the 
distillery itself; 

3. incineration is probably not a viable option for a cane juice distillery. 

Methane (anaerobic digestion) 

Market considerations 
Because of the high organic content of stillage, anaerobic digestion offers 

a prospect of financial return from methane production. Given adequate 
time in the digester, up to 95% of the BOD can be removed, producing a gas 
that'could supply all of a molasses distillery's fuel requirements (and perhaps 
30% of the requirements of distilleries operating on cassava or cane juice). In 
the case of a molasses distillery, the potential fuel saving is significant. If 
that saving is sufficient to cover the capital cost of the digester and the 
further treatment and disposal of its effluent, methane production should be 
seriously considered. 
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In the case of a cane juice distillery, the methane may have little value if 
the distillery's fuel requirements are already met by bagasse. If the bagasse is 
used in the manufacture of paper or as a source of cellulose for hydrolysis 
and subsequent fermentation, there will be a fuel requirement that could be 
met by methane. Methane in excess of a distillery's fuel requirements may 
find a market in other industrial or -domestic uses. This could require deci
sions on such issues as sharing of reticulation costs and pricing policies, but 
it may be feasible in regional industrial developments. 

Use of anaerobic digestion for stillage treatment has until recently been 
considered uneconomic because of the long residence times (and hence large 
digester capacity) required to achieve a reasonable degree of BOD conversion 
to methane. However, the high costs of energy have prompted new research 
into the application of anaerobic digestion to distillery wastes. 

Production methods 
Current research is aimed at increasing the rate of microbial breakdown of 

BOD. One potential method is to use thermophilic bacteria (functioning be
tween 50° and 60°C) rather than the normal mesophilic groups (30° to 40°C). 
This method is suited to a distillery operation because of the high tempera
ture of stillage. Other research is aimed at optimizing sludge return rates and 
gas recycling and quantifying the requirements for nutrient supplements. 
The sludge produced in the digestion process has considerable potential as a 
fertilizer, but sludge handling, dewatering, and distribution systems will have 
to be identified to capitalize on this potential. 

Even at 95% BOD reduction, the residual BOD of the digester effluent is 
still high, and nluch of the coloring material and dissolved inorganic salts will 
still be present. The digester effluent could be discharged into an ocean or river 
or returned to crop fields as is, but the environmental complications of 
direct discharge and land application then apply. Local conditions and 
environmental regulations may dictate further treatment of the digester ef
fluent to reduce BOD and color. This might entail aerobic treatment, 
settling, or flocculation and color removal by carbon treatment or ozona
tion. These additional treatment requirements may consume a large amount 
of the energy generated by the methane, so the overall net energy balance of 
the system could be significantly less than first expected. The salt loading re
mains, and this will influence the final disposal method of the treated ef
fluent. 

Stillage from molasses usually has a high sulphate concentration, and 
under anaerobic conditions sulphate is reduced to sulphide, either hydrogen 
sulphide gas or dissolved sulphides. Hydrogen sulphide in product gas can 
cause air pollution problems when it is burned. Research is under way to 
reduce sulphides by gas stripping and recycling [9]. 

Even if anaerobic processes can reduce 95% of stillage BOD in short 
periods (e.g. 5 days), considerable problems remain. At 5 days residence 
time, the anaerobic digester will require a capacity at least three to four 
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times the distillery's fermenters. Large digesters could have high capital costs 
if tanks are used. Lower-cost, in-ground digesters could be built but would 
require novel gas recovery and sludge removal systems. Investigation for a 
molasses distillery in Australia has shown that for anaerobic digestion, 
aerobic secondary treatment, and color removal by ozonolysis, the required 
capital cost is at least as great as that for an evaporator/incinerator complex 
for the same size distillery. There still remain operating costs and manage
ment problems of hydraulic loading of the treated effluent. 

Application of anaerobic systems to cane juice distilleries is complicated 
by the seasonal nature of the availability of cane. Anaerobic digesters, like 
most other biological systems, are difficult to start up and would be slow to 
attain stable operating conditions at the start of each cane season. There 
would be fewer problems for a multiple feedstock distillery that can operate 
on cassava or molasses when cane is not available. 

IMPLICATIONS FOR ENERGY DEVELOPMENT POLICY 

Costs 

Stillage disposal is a cost of production dependent on environmental 
standards and returns from any stillage by-products or recoverables. Some 
stillage options can replace or supplement purchased fuel and reduce energy 
inputs which are a significant component of production costs. Energy-pro
ducing options like incineration and anaerobic digestion, however, involve 
such high capital costs that the capital component of production costs rises 
accordingly. 

The fact that very little of the energy-producing technology has achieved 
commercial status with stillage treatment may make the risks of so large a 
capital investment unacceptable. The absolute supply of capital may also 
preclude expenditures on high technology options, when it is considered that 
the capital cost of a molasses stijlage incinerator may be the same as the cost 
of the molasses distillery itself. 

Other stillage utilization technologies which produce potentially saleable 
by-products may also involve appreciable capital investment. A distillery 
developer will want to be assured of the commercial status of the technology 
and the existence and viability of the market for the by-product before 
capital is outlayed for its recovery. The viability of markets can be expected 
to be country- or region-specific. 

A distillery developer can be expected to select a stillage disposal option 
that involves the least net cost of operation and the lowest capital cost, con
sistent with prevailing environmental standards. He cannot be expected to 
build one molasses distillery complete with stillage incinerator instead of two 
similarly sized distilleries with less sophisticated stillage treatment and the 
same capital outlay, unless pressures from environmental policies outweigh 
simple cost effectiveness for energy production. 
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I 
Environmental standards and distillery siting 

The unique disposal considerations for stillage suggest that environmental 
agencies should reassess conventional water quality standards before 
applying them to stillage discharges. Standards based on best practicable or 
best available means will have to recognize the high cost and high risk of 
these stillage treatment options. Th~ fact that they are available on a pilot 
scale does not mean they will be easily applied at a commercial scale. 
Arguments that the value of the stillage by-products will justify the expense 
for their recovery fail to recognize the non-commercial status and potentially 
high costs of these recovery methods and the uncertain market value of 
many of the by-products. 

National emission standards alone are not appropriate for regulating 
stillage discharges, because emission standards for aquatic discharges should 
be tailored to each body of water. Ambient standards are more meaningful 
but still have operational problems unless a distance from the point of dis
charge is specified and an appropriate and achievable standard assigned. This 
means appropriate and achievable in terms of the assimilative properties of 
the body of water and the ecological and socioeconomic consequences of 
exceeding a certain level of water quality degradation. 

In discussions about high-technology stillage utilization systems, it must 
be recognized that a low technology disposal option might be not only most 
appropriate economically for a distillery but also satisfactory environmental
ly, depending on the site. The siting of a new distillery depends on several 
considerations. For a distillery using an existing molasses resource, the loca
tion might be a compromise between feedstock availability, access to the 
market for ethanol, and socioeconomic considerations such as availability of 
labor or competition for use of water. For a new cane juice distillery, the 
key factors are the availability of land for cane agriculture, the social infra
structure, and the availability of water for the crop and the factory. It is 
important for effluent disposal to receive equal attention with these other 
considerations in distillery site selection. Governments need to devise policy 
measures to ensure that this happens so that the potential for environmental 
conflicts is minimized at an early stage. 

Government policy 

The stillage problem of each distillery needs to be assessed individually in 
view of its specific site, scale of operation, and feedstock. As environmental 
regulatory agencies work with distillery operators to develop appropriate 
standards for each distillery's operation, the agencies need guidance from gov
ernment policy on how to weight trade-offs between energy production and 
environmental quality. Some governments may see their current energy and 
trade deficit problems as superceding the need for maintenance of environ
mental standards, at least in the short term. In making such decisions, gov
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ernments need to assure themselves that they are as fully informed of the 
consequences as possible. 

There are strong arguments for the need to "get it right" the first time. 
Once established, a distillery will not only be part of the national fuel 
economy, but it will also be entrenched as a key element in the regional eco
nomy, with the incomes of many people depending on the distillery and the 
government having invested in the infrastructure to aid its development. The 
costs of retrofitting may be beyond the resources of a distillery's operation, 
and arguments about its regional significance may sway the government to 
accept unsatisfactory environmental performance. Alternatively, the govern
ment may find it has to increase ethanol market prices to stimulate an im
proved environmental performance, or it may have to spend more to remedy 
the problems caused by the distillery. 

If a government depends on private industry as the source of investment 
capital for distillery developments, then clearly defined government policies 
are required on matters such as tax policies and the market price of ethanol. 
Government requirements concerning environmental performance will keep 
investors away unless their income will be sufficient to cover the capital and 
operating costs of facilities required to achieve that performance. Investors 
need to see consistency in the government's position on both environmental 
standards and pricing policies before capital is committed. 

Distillery developers might contend that the costs and market uncertain
ties of more complex stillage treatment technology do not justify the initial 
capital outlay. It could be argued that a premature commitment of large 
amounts of capital to inadequately developed technology is a poor choice, 
and environmental quality might suffer if the operation fails commercially. 
Developers may, therefore, suggest that they be allowed to choose a low-cost 
disposal option such as aquatic discharge, and after generating a cash flow 
and accumulating some profits, later install more costly product recovery. 

There appears to be room for compromise in the early stages of distillery 
development. The duration and extent of compromise needs to be clearly 
defined by a stated government policy on environmental quality. Com
promise implies an on-going assessment of developments in stillage handling 
tech~ology by both distillery operators. and environmental regulatory agen
cies, accompanied by an evaluation of the performance of the initially in
stalled technology and a constructive dialogue between the parties. 

The achievement of a balance between energy production and the main
tenance of acceptable environmental quality is a major goal of all nations. 
Standards should not be so unrealistically stringent as to discourage develop
ment, but they should not be so lenient that major environmental disruption 
and increased social costs ensue. Many less-developed countries suffer from a 
shortage of capital that limits their available options, and in the urgency of 
their energy situations they lack the professional manpower to do a 
thorough job on the assessments, standards, and policies appropriate to their 
needs and aspirations. 
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A proposed clearing-house for stillage processing information 

Serious consideration should be given to the way in which stillage will be 
managed, from the earliest stages of planning a new distillery, including deci
sions on where the distillery will be located. A distillery planner might ask 
the following questions: 

1. What are the markets for by-products such as methane, fertilizer, or 
animal feed? 

2. What is the risk of a process which is not commercially proven? 
3. How much capital is available? 
4. Is it necessary that the process pay for itself? 
5. Must the process be self-sufficient in energy? 
6. Will the distillery serve a large area or a small area? 
7. Can the distillery be located near the ocean? 
Although the answers to these questions should suggest which stillage op

tion is most appropriate, there will not necessarily be a simple solution. It 
may be necessary to return to the questions and decide where compromises 
will be made among the kinds of considerations shown in Table 3. Compro
mises are matters of policy, and a realistic policy can be shaped only to the 
extent that the practical possibilities for stillage handling are dealt with ex
plicitly and realistically in the fuel alcohol development process. 

It is essential that both distillery developers and environmental agencies be 
fully aware of the potential environmental significance of stillage. They 
should be well informed on past and present commercial experiences with 
stillage handling so they can relate environmental quality aspirations to the 
practicability of achievement. There are numerous commercial systems for 
processing alcohol stillage which are now under development in different 
parts of the world. Many have been adapted from processes already in use 
for other industrial effluents with similar properties. Some are already in use, 
others are only in the pil~t stage, and still others are in laboratory develop
ment. The manufacturers and developers of these systems make varying 
claims about them, some valid, others not. 

It is difficult for anyone deciding on stillage management to know what 
systems are available and which is appropriate for the circumstances. It is 
likely that decisions will often be made on the basis of partial information 
because a comprehensive survey of stillage systems would be excessively 
costly for a single distillery. This would be particularly true in a crash pro
gram where there is little time to assemble information and insufficient pro
fessional manpower. 

There is, therefore, a need for a clearing-house of information on stillage 
management technology. This information should include specific equip
ment and processing systems available or under development. Each system 
should be documented with respect to the capital costs of the equipment, 
the kinds of stillage (with respect to distillery feedstock) that the process 
handles, the energy budget of the process and the characteristics of its pro
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ducts. It should allow someone who is setting up a new distillery to evaluate 
different stillage handling systems with respect to the particular circum
stances of the distillery, matching candidate systems to the sources of energy 
available, calculating costs in terms of energy inputs and other requirements 
of the system, evaluating by-products with respect to local markets, and eva
luating emissions with respect to local standards. At a national level this 
information could be used to evaluate the feasibility of establishing alcohol 
distilleries on a large scale. 

Although there is not now any established clearing-house for this sort of 
information, a study conducted by the Hawaiian Sugar Planters Association 
[4] represents a significant first step in this direction. As there are numerous 
systems that have not yet been catalogued and described in a manner most 
useful for planning and developing large-scale alcohol production, there is 
an opportunity to do so in a way that could have a significant impact on 
liquid fuel development. 
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Production of Isoamyl Acetate from Sugar Beet 
Molasses by Williopsis saturnus var. saturnus 
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ABSTRACT 

J. Inst. Brew. 114(1), 34–38, 2008 

Three strains of Williopsis saturnus var. saturnus were employed 
for the production of natural isoamyl acetate (the character im-
pact compound of banana flavour) using sugar beet molasses as 
the carbon source and batch cultivation at 25°C under anaerobic 
conditions. Of the three strains, strain HUT 7087 was the best 
producer of isoamyl acetate, producing 20.7 mg/L. Sugar beet 
molasses was deemed to be an acceptable carbon source for the 
production of this flavour compound. 

Key words: Isoamyl acetate, sugar beet molasses, Williopsis 
saturnus var. saturnus. 

INTRODUCTION 
The increasing demand for natural products over the 

past decade has led to research on the use of biocatalysts 
for the production of natural flavour compounds. Products 
produced with bioprocesses, starting with natural sub-
strates, are in principle defined as ‘natural’ if they are 
already found in plants or other natural sources18. Con-
sumers prefer foods containing such natural flavours be-
cause of possible health issues as well as the possible en-
vironmental damage caused by synthetic chemicals and 
the production thereof20. 

Esters of short-chain fatty acids are important flavour 
and fragrance compounds that are widely used in the food 
and beverage industries. Isoamyl acetate, also called iso-
pentyl acetate, is the character impact compound of bana-
na flavour and pear drops. It is one of the most highly em-
ployed compounds in the food industries with a produc-
tion of 74 tonnes per annum22. The extracts of natural 
flavour esters from plant materials are often in short sup-
ply. Enzymatic synthesis processes can be attractive, how-
ever they are very selective and are carried out at moderate 
temperatures17. 

A wide range of microorganisms are known to produce 
flavour compounds from simple nutrients via de novo syn-
thesis (e.g. sugars and alcohols)16. Some yeasts can pro-
duce large amounts of fruity esters. If the levels produced 
were high enough to make a commercial product, it would 
offer an alternative way to obtain natural banana flavour. 

Natural flavours have a higher value in the market than 
those of chemically produced flavour compounds. 

The genus Williopsis was originally introduced to ac-
commodate the saturn-shaped ascospore-forming, nitrate-
assimilating species Williopsis saturnus (formerly Han-
senula saturnus). Since the genus was first defined in 
1925 by Zender, further species have been accommodated 
within this genus15. It has been reported that Hansenula 
yeasts are a potent producer of esters13. Williopsis species 
synthesize important levels of volatile esters, e.g. isoamyl 
acetate at a concentration of 12-73 mg/L14. 

Sugar beet molasses, a by-product of the sugar manu-
facturing process, is among the most important raw mate-
rials for industrial cultivations; especially for the produc-
tion of baker’s yeast, citric acid, organic acids, amino 
acids, antibiotics, and enzymes. It generally contains 
sucrose (47-50%, wt/wt), proteins, vitamins, amino acids, 
organic acids and heavy metals5,18. Because of the high 
sucrose content, a substantial portion of the molasses 
produced is used for the production of industrially value-
added products. 

The aim of this study was to investigate production of 
isoamyl acetate from sugar beet molasses using three 
strains of W. saturnus. As far as known, there is no report 
on the production of isoamyl acetate from sugar beet 
molasses by the Williopsis genus. 

MATERIALS AND METHODS 

Microorganisms and medium 

W. saturnus HUT 7087, W. saturnus IAM 12217 and 
W. saturnus NCYC 22 were obtained from the HUT 
(Japan), IAM (Japan) and NCYC (United Kingdom) cul-
ture collections, respectively. Yeasts were maintained on 
Malt Extract Agar (15 g/L) slants and re-cultured monthly. 
Sugar beet molasses was obtained from the Ozmaya Co. 
(Adana, Turkey). Molasses was diluted with deionized 
water to obtain a 10 ºBrix molasses solution and adjusted 
to pH 3.0 with 1 N H2SO4. This was to remove heavy 
metals that would affect cultivation. The molasses solu-
tion was allowed to stand for 24 h and then centrifuged at 
5000 × g for 15 min. The supernatant was collected, 
adjusted to pH 5.0 with 10 N NaOH18 and used as both a 
preculture and cultivation medium. 

Batch cultivation 

Batch cultivations were carried out in duplicate 3 L 
laboratory bioreactors (New Brunswick, BioFlo 110, 
USA) containing 2 L of cultivation medium. The temper-
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ature and agitation speed were maintained at 25°C and 
100 rpm, respectively. The yeast was harvested from a 48 
h preculture by centrifugation and used to inoculate the 
bioreactors at 1 × 107 cells/mL. The density of the cultiva-
tion medium and cell numbers were monitored throughout 
cultivation8. 

Analytical procedures 

The number of viable cells was counted under a light 
microscope in a Thoma chamber using methylene blue1. 
The supernatant of the cultivation medium was used to 
determine the density by a density meter (Mettler, Toledo). 

Analyses of ethyl alcohol, 2-methylbutanol (active amyl 
alcohol), 3-methylbutanol (isoamyl alcohol), isoamyl ace-
tate and ethyl acetate were performed in duplicate using a 
gas chromatograph (Shimadzu GC-14B, Japan) equipped 
with a split/splitless injector and a flame ionization de-
tector and a 60 m × 0.25 mm i.d. × 0.4 µm Chrompack 
CP-WAX-57CB capillary column. The temperature pro-
gramme was as follows: 40°C for 4 min, then raised by 
1.8°C/min up to 94°C and by 30°C/min from 94°C to 
180°C and held at 180°C for 4 min. The carrier gas was 
He at 1.30 mL/min. Injection: 1 µL in split mode. Split 
ratio was 1:50. The FID was kept at 180°C. Samples con-
taining the internal standard (3-pentanol) were injected 
directly into the column. For ethyl alcohol analysis sam-
ples were diluted accurately to not more than 1% (v/v) 
alcohol. The internal standard used for ethyl alcohol was 
1% pure n-butanol. The oven temperature was stable at 
70°C. The results given represent the means for two inde-
pendent cultivations with their standard deviations9. 

RESULTS AND DISCUSSION 
The aerobic yeasts, including Brettanomyces, Debary-

omyces, Dekkara, Lipomyces, Pichia, Rhodotorula and 
Williopsis (yeasts also known as non-Saccharomyces), fer-
ment sugars only weakly, or not at all. They utilize sugars 

oxidatively for cell growth with the production of desir-
able flavour compounds9. 

Yeast growth, sugar consumption  
and ethyl alcohol production 

Fig. 1 shows the growth kinetics of three strains of W. 
saturnus. Growth of all strains reached stationary phase 
after 48 h of cultivation. At 72 h, W. saturnus HUT 7087 
exhibited a high concentration of cells in the medium and 
reached 1.1 × 108 cells/mL; by contrast, both W. saturnus 
IAM 12217 and W. saturnus NCYC 22 at 108 h reached 
concentrations of 5.6 × 107 cells/mL and 9 × 107 cells/mL, 
respectively. At the end of cultivation W. saturnus HUT 
7087 showed a population of 5.6 × 107 cells/mL. W. 
saturnus IAM 12217 and W. saturnus NCYC 22 grew to a 
lesser extent, reaching populations of 3.6 × 107 cells/mL 
and 5 × 107 cells/mL, respectively. 

Several studies have confirmed that non-Saccharo-
myces yeasts can survive longer than previously thought 
in wine production10,12,23, growing up to 106-107 cells/mL. 
Anaerobic conditions alone were not reported to result in 
any loss of viability in pure cultures of Debaryomyces, 
Hansenula or Pichia3. 

Fig. 2 shows a drop in the density of the medium as 
monitored throughout cultivation as a criterion of sugar 
consumption. All the sugar was not utilized by the yeasts 
as the cultivation had not progressed after 228 h, 204 h, 
192 h by HUT 7087, NCYC 22 and IAM 12217, respec-
tively. The density was around 1.0160 g/cm3 for all strains 
at the end of cultivation. All yeasts strains left residual 
sugar in the growth medium. Residual unfermented sugars 
have been reported with species of Candida, Hansen-
iaspora, Pichia and Hansenula by Drysdale and Fleet6, 
Forster11, Ciani and Picciotti4, Erten8 and Erten and Camp-
bell9. 

Fig. 3 shows the ethyl alcohol content during cultiva-
tion. There was a rapid increase in ethyl alcohol content 
for all strains during the first 150 h of cultivation. The 

 

Fig. 1. Growth kinetics of W. saturnus strains: (♦) W. saturnus HUT 7087, (■) W. saturnus IAM 
12217, and (▲) W. saturnus NCYC 22. 
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ethyl alcohol content was around 3% (v/v) with all strains. 
The yeast species employed in this study oxidise sugars, 
mainly to CO2 and H2O, producing only low levels of 
ethyl alcohol, but they also generate esters, higher alco-
hols and other compounds2,12. According to Foster11, Erten8 
and Erten and Campbell9, W. saturnus can produce 2.8-
7.8% (v/v) ethyl alcohol. 

Production of amyl alcohols  
and isoamyl acetate 

Figs. 4 and 5 show the amounts of 2-methylbutanol 
and 3-methylbutanol formed during cultivation, respec-
tively. The levels of 2-methylbutanol and 3-methylbutanol 
reached an optimum towards the end of the active growth 
phase for all strains. Two of three strains produced similar 
amounts of 2-methylbutanol (23.8-24.6 mg/L) and 3-
methylbutanol (20-24.6 mg/L) during cultivation. It has 

been reported that most amyl alcohol synthesis occurs 
during the growth phase, with only 10-15% additional 
being synthesised during the later stage of industrial culti-
vation7. 

Fig. 6 shows the amounts of isoamyl acetate produced 
during cultivation. The synthesis of isoamyl acetate al-
ready starts during the active growth phase. Highest 
isoamyl acetate (20.7 mg/L) production was found using 
the culture W. saturnus HUT 7087. This strain also pro-
duced higher levels of ethyl acetate (59.9 mg/L) compared 
to W. saturnus IAM 12217 (38.7 mg/L) and W. saturnus 
NCYC 22 (36.9 mg/L). Synthesis of isoamyl acetate by 
yeast is performed by the action of alcohol acetyltrans-
ferase (AATFase) in the presence of isoamyl alcohol and 
acetyl-CoA. It has been reported that in sake brewing , the 
bottle neck of isoamyl acetate production is the amount of 
isoamyl alcohol in the sake mash. Since the Km value of 

Fig. 2. Density of medium monitored throughout cultivation as a criteria of sugar consumption: (♦) 
W. saturnus HUT 7087, (■) W. saturnus IAM 12217, and (▲) W. saturnus NCYC 22. 

 

Fig. 3. Ethyl alcohol produced by W. saturnus strains: (♦) W. saturnus HUT 7087, (■) W. saturnus
IAM 12217, and (▲) W. saturnus NCYC 22. 
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Fig. 4. 2-Methylbutanol produced by W. saturnus strains.  

 

Fig. 5. 3-Methylbutanol produced by W. saturnus strains. 

Fig. 6. Isoamyl acetate produced by W. saturnus strains.  
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AATFase for isoamyl alcohol is high (meaning that the 
affinity of AATFase to isoamyl alcohol is low), a large 
amount of isoamyl alcohol is required for the production 
of isoamyl acetate13. 

The ratio of the esters to higher alcohols is known to 
influence the sensory properties of fermented beverages. 
Particularly, an increased content of esters gives an en-
hanced fruity flavour, and this can improve when higher 
alcohol content decreases14,21. Inoue et al.13 showed that 
the ratio of isoamyl acetate to isoamyl alcohol in a culture 
of Hansenula mrakii was 1.33, while that of Saccharo-
myces cerevisiae was 0.0054. Table I lists the (isoamyl 
acetate/total isoamyl alcohol) ratios calculated for the 
media fermented with the three strains of W. saturnus in 
this study. As can be seen, the best ratio was with strain 
W. saturnus HUT 7087. 

CONCLUSIONS 
There is a growing demand for naturally obtained fla-

vour compounds. The employment of enzymes and whole 
cells as biocatalysts to produce natural flavour compounds 
is a production process that is frequently utilized. With the 
aid of Williopsis saturnus strains, it was possible to pro-
duce isoamyl acetate, which has the character impact 
compound of banana. The production of 20.7 mg/L iso-
amyl acetate from sugar beet molasses appears to be an 
encouraging result as this type of production has not been 
reported previously but further investigations will be 
needed to increase this level for industrial production. 
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Table I. Isoamyl acetate/total amyl alcohol ratios of W. saturnus strains.

 
Yeast strain 

Isoamyl acetate/ 
total amyl alcohol ratio 

W. saturnus HUT 7087 4.66 
W. saturnus IAM 12217 1.48 
W. saturnus NCYC 22 4.48 
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