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Sodium Phosphates
processing
Executive Summary

Sodium orthophosphates (mono-, di-, and tri-sodium phosphates) have a wide variety of uses in conventional food
processing, but is currently restricted to dairy products only for organic processing. The petition requests soy-based dairy
substitutes be allowed to use sodium phosphates for purposes similar to those allowed for dairy products.

The TAP Reviewers all agreed that sodium orthophosphates are synthetic. The reviewers all agreed that the current
National List refers only to sodium orthophosphates, and that any other sodium phosphates should be considered and
listed separately. While two reviewers were in favor of permitting broader use of this additive, they were not able to reach
consensus on the appropriate annotation.

The reviewers concluded that the petitioner did not adequately justify that sodium phosphates are essential for use in soy
products. Each cited alternative methods to produce similar products. Two raised concerns about possible nutritional
imbalance between calcium and phosphorus due to the addition of sodium phosphates in foods. However, all reviewers
shared the consensus that the levels used in food manufacture should not pose a serious health risk for most consumers.

Of the two reviewers who thought it should be listed as a permitted use, one suggested changing the existing annotation to
place stringent conditions on all uses of sodium orthophosphates. This would allow all FDA permitted uses, but only with
a case-by case determination of need, essentiality, nutritional impact, and alternatives.

The other reviewer in favor of listing the material suggests allowing their use in any product, limited only by 21 CFR
requirements. This reviewer felt that since dairy use is permitted it is only consistent that all uses should be permitted.

The reviewer opposed to listing the material found that the combination of concerns was enough to recommend
prohibition for all uses in organic products. This reviewer suggested that sodium phosphates be prohibited in all products
labeled organic, but permitted in products labeled “made with organic ingredients.”

All reviewers agreed that sodium orthophosphates should be permitted in all products labeled “made with organic” (70%
or greater organic ingredients).

Identification

Chemical Name: 45
sodium phosphates (mono-, di-, and tri-) 46 CAS Numbers:

47 monobasic: 7558-80-7; dibasic: 7558-79-4;
Other Names: 48 tribasic: 7601-54-9
monobasic, dibasic, and tribasic sodium phosphate; 49
mono- di- or tri-sodium phosphate; di-hydrogen sodium 50 International Numbering System (INS) Numbers:
phosphate (monosodium); monohydrogen sodium 51 339 sodium phosphates
phosphate (di-sodium); MSP (mono-), DSP (di-), TSP 52 339(i) monosodium orthophosphate
(tri-); sodium orthophosphates.. ' 53 339(u) disodium orthophosphate

54 339(iii) trisodium orthophosphate
Trade Names: Many, often contained in blends with 55 :

calcium phosphates, polyphosphates, and other mixes. 56 Other:
57 NIOSH Registry Number: WC4600000

Last Updated Sept. 21, 2001 National Organic Standards Board Technical Advisory Panel Review Page 10of 19
Compiled by Organic Materials Review Institute for the USDA National Organic Program
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NOSB TAP Review Compiled by OMRI

Sodium Phosphates Processing

Summary of TAP Reviewer Analyses 1

95% organic

Synthetic / | Allowed or | Suggested
Non- Prohibited: | Annotation:
Synthetic:
Syntbetic (3-0) | Allowed (2) Reviewer 1: Any of the three salts of Sodium Orthophosphate should be allowed for
Probibited (1) | use as direct additives in foods labeled as organic when used in accordance with good
manufacturing practice provided that:
(a) theuse is established as necessary for the processing of the food;
(b) the use is established as having no adverse nutritional impact on the “target
population” intended to consume the food; and
(9 no non-synthetic, “less synthetic” or environmentally less impactful substance
can be used in place of the sodium phosphate salt.
Reviewer 2: prohibited, no annotation.
Reviewer 3: allowed as listed in 21 CFR.
Made with organic
Synthetic / Allowed or | Suggested
Non-Synthetic: | Prohibited: | Annotation: .
Synthetic (3-0) Allowed (3-0) | See the 95%+ annotation for Reviewer 1 and 3. Reviewer 2: no annotation.

Characterization

Composition:
monosodium phosphate: NaHPO,

disodium phosphate: Na;HPO4
trisodium phosphate: Na;PO4
Properties:

All forms are either anhydrous or contain one or more molecules of water of hydration. The anhydrous forms are white,
crystalline powders or granules. The hydrated forms occur as white or transparent crystals or granules. The anhydrous form
is hygroscopic. It is freely soluble in water and insoluble in alcohol (Budavari, 1996). The pH of the three orthophosphates
ranges from the moderately acid monosodium phosphate (pH=4) to the slightly alkaline disodium phosphate (pH=9) to the
strongly alkaline trisodium phosphate (pH=12) (Considine and Considine, 1982).

How Made:

Sodium phosphates are generally prepared by the partial or total neutralization of phosphoric acid using

sodium carbonate or sodium hydroxide (Ashford, 1994). Crystals of a specific hydrate can then be obtained by evaporation
of the resultant solution within the temperature range over which the hydrate is stable (Gard, 1996).

L3

Specific Uses:
Sodium phosphates are used as antimicrobials (Davidson, 2000), pH control agents (buffers), boiler water additives, cleaners,

coagulants, dispersants, leavening agents, stabilizers, emulsifiers, sequestrants, texturizers, nutrients, and dietary supplements.
Sodium phosphate (mono-, di-, and tri-) is used as a buffering salt in foods. The principal use is for pH stabilization of food
systems for fruit and vegetable product systems (Fennema, 1985). Monosodium phosphate is used as an acidulent (Ashford,
1994) and also in medicine as a cathartic, an excipient, and in saline solutions (Budavari, 1996). The petition states, “The
addition of sodium phosphates increases the shelf life of soy products” (Amin, 2001).

\ This Technical Advisory Panel (TAP) review is based on the information available as of the date of this review. This review addresses the
requirements of the Organic Foods Production Act to the best of the investigator’s ability, and has been reviewed by experts on the TAP.
The substance is evaluated against the criteria found in section 2119(m) of the OFPA [7 US C 6517(m)]. The information and advice
presented to the NOSB is based on the technical evaluation against that criteria, and does not incorporate commercial availability, socio-
economic impact or other factors that the NOSB and the USDA may want to consider in making decisions.

Last Updated September 21, 2001 Page 2 of 19
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NOSB TAP Review Compiled by OMRI Sodium Phosphates Processing

Action:

The emulsification abilities of sodium phosphates are not completely understood, but the phosphate interacts with proteins,
such as casein, to function as emulsifiers and prevent the separation of both fat and water in cheese (Gard, 1996). The
addition of sodium phosphate (tri) to evaporated milk prevents separation of the butter fat and aqueous phases and prevents
gel formation (Fennema, 1985). One source notes considerable debate about the mechanisms of phosphate functionality,
with reference to water holding capacity of meat and fish (Miller, 1996). The addition of phosphates to muscle food
homogenates, raw and cooked meats, in sausages, hams, poultry and seafood will decrease the amount of drip loss, enhance
waterbinding and water holding capacity resulting in enhanced sensory characteristics (Fennema, 1985). Orthophosphates can
bind with and sequester metals (Considine and Considine, 1982). Sodium phosphate salts can be used as chelating agents
(sequesterant) that act to bind to metallic and alkaline earth ions to form complexes that alter the properties and stability of
foods such as by binding copper and ferrous ions to slow down the rate of lipid oxidation in foods (Fennema, 1985).

Combinations:

Sodium phosphates are combined with calcium phosphates as leavening agents (Horsford, 1864; Ellinger, 1972; FMC, no
date). Sodium orthophosphates are often combined with insoluble sodium metaphosphate (IMP) and various polyphosphates
(Ellinger, 1972; FMC, no date). The addition of other salts, such as sodium chloride, can have a synergistic effect on water-
holding capacity (Gordon and Klimek, 2000). Typical commercial mixtures contain 30-60% soluble orthophosphates and 40-
70% IMP (Gard, 1996). Starches are often used as carriers (Ashford, 1994). Trisodium phosphate used for cleaning is often
combined with sodium hypochlorite (bleach) (Ashford, 1994). Sodium aluminum phosphate and sodium acid
pyrophosphates are also used as a leavening agents (Food Chemicals Codex, 1996). The sodium phosphates are often used in
combination with various gels such as agar, alginates, carageenan, pectins, and various gums (Ellinger, 1972).

The previous sodium phosphates TAP Review (NOSB, 1995) only reviewed the forms mono-, di-, and tri-sodium
phosphates. . This TAP Review does not cover other forms such as metaphosphates, pyrophosphates, polyphosphates, or
combinations of sodium phosphates with any elemental constituents other than hydrogen.

Status

Historic Use:
The earliest documented use of refined sodium phosphates was with a double salt with calcium phosphates in baking powder

(Horsford, 1864).

One reference states that the use of phosphate emulsifiers in cheeses began in the 1890s and cited Kraft’s patent as the
source for that information (Heidolph and Gard, 2000). However, Kraft’s patent makes no reference to sodium phosphate or
any other phosphate emulsifier (Kraft, 1916). The historical use of phosphates in soy-based dairy substitutes is not well
documented. The historical use of sodium phosphates in organic dairy products does not appear to predate the NOSB’s
recommendation in 1995.

OFPA, USDA Final Rule:
Section 205.605(b)(33) synthetics allowed: sodium phosphates— for use only in dairy foods.

Regulatory:
See Table 1, below, for FDA references to sodium phosphates.

EPA/NIEHS/Other Sources:

EPA - Both disodium phosphate and trisodium phosphates are considered hazardous materials under the Comprehensive
Environmental Response, Cleanup, and Liability Act (CERCLA) with reportable quantities of 5,000 pounds (USEPA,
1998b). Disodium and trisodium phosphates are designated hazardous substances under the Clean Water Act (40 CFR
116.4). Disodium phosphate were reclassified to EPA List 4B (60 Fed. Reg. 35397). The EPA’s List of Pesticide Product
Inert Ingredients also classifies monosodium phosphate and trisodium phosphate as EPA List 4B, but a corresponding
Federal Register notification of reclassification was not found. (EPA, 1995).

NIEHS - National Toxicology Program database (NTP, 2001):

Toxicity

Acute Toxicity:

Type

Dose Mode Species amount unit
LDso or rat 12,930 mg/kg
LDy, ipr rat 1,000 mg/kg

Last Updated September 21, 2001 Page 3 of 19
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NOSB TAP Review Compiled by OMRI Sodium Phosphates Processing

*Sax toxicity evaluation: not available
*carcinogenicity: not available
*mutagenicity: not available
*teratogenicity: not available

ipr=intraperitoneal

LDso=lethal Dose for 50% of the test organisms
LDj,=lowest published lethal dose

orl=oral

Standards, Regulations & Recommendations:
OSHA: none
ACGIH: none
NIOSH criteria document: none
NFPA hazard ratingg  health (h): none
flammability (f): none
reactivity (f): none
Other toxicity data: not available
Acute/chronic hazards:
Toxic. May cause irritation on contact. Hazardous decomposition.
Minimum protective clothing: not available
Recommended glove materials: Permeation data indicate that latex gloves may provide protection from contact with this
compound. Latex over latex gloves is recommended. However, if this chemical makes direct contact with your gloves, or if
a tear, hole or puncture develops, remove them at once.

Recommended respirator: Where the neat test chemical is weighed and diluted, wear a NIOSH-approved half face respirator
equipped with an organic vapor/acid gas cartridge (specific for organic vapors, HCI, acid gas and SO2) with a
dust/mist filter.

Spills and leakage: If you spill this chemical, you should dampen the solid spill material with water, then transfer the
dampened material to a suitable container. Use absorbent paper dampened with water to pick up any remaining material.
Seal your contaminated clothing and the absorbent paper in a vapor-tight plastic bag for eventual disposal. Wash all
contaminated surfaces with a strong soap and water solution. Do not reenter the contaminated area until the safety officer
(or other responsible person) has verified that the area has been properly cleaned.

Skin contact: Immediately flood affected skin with water while removing and isolating all contaminated clothing. Gently
wash all affected skin areas thoroughly with soap and water. If symptoms such as redness or irritation develop, immediately
call a physician and be prepared to transport the victim to a hospital for treatment.

Inbalation: Immediately leave the contaminated area; take deep breaths of fresh air. If symptoms (such as wheezing,
coughing, shortness of breath, or burning in the mouth, throat, or chest) develop, call a physician and be prepared to
transport the victim to a hospital. Provide proper respiratory protection to rescuers entering an unknown atmosphere.
Whenever possible, self-contained breathing apparatus (scba) should be used; if not available, use a level of protection greater
than or equal to that advised under respirator recommendation.

Eye contact: First check the victim for contact lenses and remove if present. Flush victim’s eyes with water or normal saline
solution for 20 to 30 minutes while simultaneously calling a hospital or poison control center. Do not put any ointments, oils,
or medication in the victim’s eyes without specific instructions from a physician. Immediately transport the victim after
flushing eyes to a hospital even if no symptoms (such as redness or irnitation) develop.

Ingestion: Do not induce vomiting, If the victim is conscious and not convulsing, give 1 or 2 glasses of water to dilute the
chemical and immediately call a hospital or poison control center. Be prepared to transport the victim to a hospital if advised
by a physician. If the victim is convulsing or unconscious, do not give anything by mouth, ensure that the victim’s airway is
open and lay the victim on his/her side with the head lower than the body. Do not induce vomiting, Immediately transport
the victim to a hospital.

Other Sources - Disodium phosphate is subject to state Right-to-Know laws in Massachusetts, New Jersey, and Pennsylvania.

Last Updated September 21, 2001 Page 4 of 19
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NQOSB TAP Review Compiled by OMRI Sodium Phosphates Processing

Status Among U.S. Certifiers: .
California Certified Organic Farmers (CCOF) - CCOF Certification Handbook (2000), Section 8.3.3 Processing and
Handling Materials, “Allowed Non-Organic, Use as an ingredient restricted to daity foods.”

Oregon Tilth Certified Organic (OTCO) - OTCO Generic Materials List (April 30, 1999), Processing Materials, “Allowed,
Non-Organic Ingredient, Use as an ingredient restricted to dairy foods.” The petition included a letter from OTCO stating,
“OTCO has considered your request for use of di-sodium phosphate in soymilk drink to prevent protein coagulation upon
heating. The reason for using di-sodium phosphate and the lack of alternatives was clearly explained by Mr. Amin, from
Carousel Foods. OTCO would extend allowance of the use of sodium di-phosphate to soymilk... .” (OTCO, 2000).

Organic Crop Improvement Association International (OCIA) - OCIA International Certification Standards, effective date
July 1, 2001, Section 9.4.3, regulated for use in the NOI (non-organic ingredient) class with specifications “use as an
ingredients restricted to dairy foods.”

Quality Assurance International (QAI) - Petition included a letter from QALI stating, “According to the current organic
practices, di-sodium phosphate is allowed in the processing of soy products... .When the National Organic Program goes into
effect this will no longer be an allowed material....” (QAI, 2000).

Texas Department of Agriculture (TDA) Organic Certification Program - TDA Organic Certification Program Materials
List (February 2000), restricted for use in processing with comments, “Use as a non-organic ingredient is restricted to dairy
foods.”

Washington State Department of Agriculture (WSDA) Organic Food Program - Chapter 16-158-060 WAC (rev. January 18,
2001), listed in the section “Minor Ingredients and Processing Aids” as “sodium phosphate— for dairy processing only.”

International

CODEX - Not listed.

EU 2092/91 - Not listed.

Japanese Agricultural Standard - Not listed.

IFOAM - Not listed.

Canada - Not listed. ‘

Other International Certifiers — Could not find any that allow any sodium phosphates for any purpose.

Section 2119 OFPA U.S.C. 6518(m)(1-7) Criteria

1. The potential of the substance for detrimental chemical interactions with other materials used in organic farming systems.
The substance is used in processing and therefore would not interact directly with other materials used in organic farming
systems.

2. The toxicity and mode of action of the substance and of its breakdown products or any contaminants, and their
persistence and areas of concentration in the environment.

The toxicity of sodium phosphates is generally related to the sequestration of calcium and the subsequent reduction of
ionized calcium (Gosselin, et al., 1984). Ingestion may injure the mouth, throat, and gastrointestinal tract, resulting in nausea,
vomiting, cramps, and diarrhea (Chermishinoff, 2000). Feeding studies on human subjects showed no adverse chronic
effects. However a number of feeding studies that involved rodent models showed kidney damage and calcium deposits in
test animals (Ellinger, 1972). Also see processing criteria 3, below.

3. The probability of environmental contamination during manufacture, use, misuse, or disposal of the substance.
See processing criteria 2, below.

4. The effects of the substance on human bealth.

Most of the human health references are related to its medical, rather than food, use. The Reviewers considered the literature
citations of the effect of sodium phosphate purgatives to be not directly relevant to food use. However, for the sake of
completeness, these studies are briefly noted, but not exhaustively reviewed. A number of the adverse health effects are
related to the use of phosphates purgatives. In a number of cases, bowel dleansers were not used according to label
instructions or were given to patients with reduced renal function where the use of phosphate purgatives is medically
contraindicated.

Last Updated September 21, 2001 Page 5 of 19
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Because phosphates react slowly, systemic reactions are unlikely. Low calcium (hypocalcemia) has been reported in certain
susceptible individuals (Gosselin, et al., 1984; Boivin and Kahn, 1998). Continuous contact may cause skin irritation and can
be minimally to moderately irritating to unwashed eyes.

Trisodium phosphate is caustic (Gosselin, et al., 1984). Most of the adverse reactions reported in the medical literature
involve the use of relatively high levels of sodium phosphate administered to patients where such use is contraindicated.
Also, trisodium phosphate reportedly promotes bladder cancer initiated by an experimental nitrosoamine in rats, while
monosodium phosphate does not (Shibata et al., 1991, cited in Shibata, et al., 1993). See also processing criteria 3 and 5,
below.

5. The effects of the substance on biological and chemical interactions in the agroecosystem, including the physiological effects
of the substance on soil organisms (including the salt index and solubility of the soil), crops and livestock.
This is a processing material that is not applied to soil.

6. The alternatives to using the substance in terms of practices or other available materials.
See processing criteria 1 and 7, below.

Its compatibility with a system of sustainable agriculture.
See processing criteria 6, below.

Criteria From the February 10, 1999 NOSB Meeting

A PROCESSING AID OR ADJUVANT may be used if:

1. It cannot be produced from a natural source and bas no organic ingredients as substitutes.

No documentation could be found of natural sources of food grade sodium phosphates. Lecithin from organic soybeans is a
possible substitute for certain applications as an emulsifier.

2. Its manufacture, use, and disposal do not have adverse effects on the environment and are done in a manner compatible
with organic handling as described in section 6513 of the OFPA.

The manufacturing processes for sodium carbonate and sodium hydroxide (see “How Made” section, above) are covered in
previous TAP reviews. Sodium hydroxide and sodium carbonate were reviewed by the NOSB and added to the National List.
Manufacture of food-grade phosphoric acid involves the removal of heavy metals and radioactive waste. The environmental
impact of mining calcium phosphate is covered in the TAP review for triple superphosphate.

A primary environmental concern of sodium phosphates is their release into water. Phosphate detergents caused algal blooms
and eutrophication of the Great Lakes. This was remedied by the development of low-phosphate detergents and bans on
high-phosphate detergents in the states that drain into the Great Lakes (US EPA, 1997). This is primarily related to trisodium
phosphate used as a detergent or cleaner, and is generally not related to use as a food additive.

3. If the nutritional quality of the food is maintained and the material itself or its breakdown products do not have adverse
effects on human health as defined by applicable Federal regulations.

Calcium and phosphorous are metabolically linked by their common absorptive mechanism through Vitamin D. Vitamin Dy
stimulates absorption of calcium in the intestine. This maintains the homeostasis of calcium and phosphorus in bone
formation from those two minerals (Watkins, 2000). The distribution of phosphorous in foods is so wide that deficiencies do
not seem to exist. It is always linked to calcium in skeletal mass and exists as a phosphate salt in bone as phospho proteins,
phospho lipids and nudleic acids in the cell (Alais and Linden, 1991). Its addition raises both sodium and phosphorous levels

in the food.

Nutritional disorders are of particular concern with infants and children raised on a vegan diet and are being fed soy
beverages as a milk substitute (Anil, et al., 1996; Carvalho, et al., 2001). One Reviewer raised the concern that soy beverages
are not nutritionally equivalent to milk and soy-based dairy substitutes also have different nutritional compositions.

An additional review of health effects (not included in original materials sent to Reviewers) reported on a study that
examined the effect of an intentionally high phosphate additive diet (potato chips, processed cheese carbonated beverages,
etc) This resulted in measurably lower calcium serum levels. (Bell, cited in Molins, 1991) This report also estimated that
phosphate additives in the ordinary American diet may increase P intake on the order of 25-100%.

Disodium phosphate anhydrous is not considered hazardous by known governmental definitions (FMC, 1996).

Last Updated September 21, 2001 Page 6of 19
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The primary adverse human health effect is the elevation of sodium levels and the substitution of sodium for calcium.
Sodium phosphate does not appear to increase the amount of calcium excreted in urine (calciuria) in normal healthy
individuals (Whiting, Andersen, and Weeks, 1997). One text in food chemistry provides the following quote (de Man, 1990):

“The importance of phosphates in the diet as it relates to the absorption of calcium depends on the
amount of calcium, iron, strontium and aluminum present in the diet. The literature suggests that a
diet containing more phosphorous than calcium can be as detrimental as a simple calcium deficiency.
The ratio of calcium to phosphorous in the bone is 2:1. In early infancy the ratio should be 1.5:1, in
adults 1:1. The estimated annual per capita intake in the US is 1-g calcium and 2.9-g phosphorous; thus
providing a ratio of 0.35. Therefore a danger in raising phosphorous levels in the diet may increase the
unavailability of calcium.”

4. Its primary purpose is not as a preservative or used only to recreate/improve flavors, colors, textures, or nutritive value
lost during processing except in the latter case as required by law.

Sodium phosphates possess antimicrobial properties (Davidson, 2000). The primary purpose in the petition is not as a
preservative. The specific functionality is not described in any detail in the petition (Amin, 2001). However, the primary
petitioned function could possibly be described as ‘textural.’ Phosphates stabilize proteins during processing so they improve
finished product texture (Yazidi, et al., 1997).

The primary use, as described in the petition, would be to make dairy product substitutes (Ellinger, 1972). Monosodium
phosphate can be used to impart a certain flavor (Tidridge, 1962). It is also used as a nutritional supplement to replace or
enhance phosphate levels.

5. Is Generally Recognized As Safe (GRAS) by FDA when used in accordance with Good Manufacturing Practices (GMP),

and contains no residues of heavy metals or other contaminants in excess of FDA tolerances.
M\Mono-, di-, and tri-basic sodium phosphates are all considered GRAS as multiple purpose ingredients (21 CFR 182.1778).
The Food Chemicals Codex (1996) specifications for all three forms are as follows:

Identification: A 1 in 20 solution gives positive tests for Phosphate and Sodium.
Arsenic: Not more than 3 mg/kg Fluoride: Not more than 0.005%
Heavy metals (as Pb) Not more than 10 mg/kg Insoluble substances: Not more than 0.2%

Table 1 summarizes the FDA references to sodium phosphates in the EAFUS database. Note that polyphosphates and
pyrophosphates are covered under separate references.

Last Updated September 21, 2001 Page 7 of 19



------------------------------------------------------------------------------

------------------------------------------------------------------------------

CARCINOGENICITY: NTP:NO IARC:NO ZLIST:NO OSHAREG:NO
EFFECTS OF OVEREXPOSURE
CONTACT WITH SKIN OR EYES MAY CAUSE SEVERE IRRITATION OR BURNS.
DUST MAY IRRITATE NOSE AND THROAT.
INGESTION MAY RESULT IN SEVERE INTESTINAL IRRITATION WITH BURNS TO MOUTH.
INGESTION MAY CAUSE NAUSEA AND VOMITING.
PROLONGED EXPOSURE MAY CAUSE DERMATITIS.
TARGET ORGANS: NONE IDENTIFIED
MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE: NONE IDENTIFIED
ROUTES OF ENTRY: NONE INDICATED
EMERGENCY AND FIRST AID PROCEDURES
IN CASE OF CONTACT, IMMEDIATELY FLUSH EYES WITH PLENTY OF WATER FOR AT
LEAST 15 MINUTES. FLUSH SKIN WITH WATER.

------------------------------------------------------------------------------

------------------------------------------------------------------------------

STABILITY: STABLE HAZARDOUS POLYMERIZATION: WILL NOT OCCUR
DECOMPOSITION PRODUCTS: OXIDES OF PHOSPHORUS, OXIDES

------------------------------------------------------------------------------

------------------------------------------------------------------------------

STEPS TO BE TAKEN IN THE EVENT OF A SPILL OR DISCHARGE
WEAR SELF-CONTAINED BREATHING APPARATUS AND FULL PROTECTIVE CLOTHING.
- 'WITH CLEAN SHOVEL, CAREFULLY PLACE MATERIAL INTO CLEAN, DRY CONTAINER AND
COVER; REMOVE FROM AREA. FLUSH SPILL AREA WITH WATER.
DISPOSAL PROCEDURE
DISPOSE IN ACCORDANCE WITH ALL APPLICABLE FEDERAL, STATE, AND LOCAL
ENVIRONMENTAL REGULATIONS.

------------------------------------------------------------------------------

VENTILATION: USE ADEQUATE GENERAL OR LOCAL EXHAUST VENTILATION
TO KEEP FUME OR DUST LEVELS AS LOW AS POSSIBLE.
RESPIRATORY PROTECTION: NONE REQUIRED WHERE ADEQUATE VENTILATION
CONDITIONS EXIST. IF AIRBORNE CONCENTRATION IS
HIGH, USE AN APPROPRIATE RESPIRATOR OR DUST MASK.
EYE/SKIN PROTECTION:  SAFETY GLASSES WITH SIDESHIELDS, UNIFORM, PROPER
GLOVES ARE RECOMMENDED.

------------------------------------------------------------------------------

SAF-T-DATA(TM) STORAGE COLOR CODE: ORANGE (GENERAL STORAGE)

SPECIAL PRECAUTIONS
KEEP CONTAINER TIGHTLY CLOSED. SUITABLE FOR ANY CHEMICAL STORAGE AREA.

------------------------------------------------------------------------------

DOMESTIC (D.O.T.)

PROPER SHIPPING NAME SODIUM PHOSPHATE, DIBASIC

HAZARD CLASS ORM-E LABELS NONE
REPORTABLE QUANTITY 5000 LBS.

INTERNATIONAL (I.M.O.)

PROPER SHIPPING NAME CHEMICALS, N.OS. (NON-REGULATED)



364
365
366
367
368
369
370

NOSB TAP Review Compiled by OMRI Sodium Phosphates Processing

Table 1
FDA References to Sodium Phosphates
21 CFR | Section heading Form’ | Notes/Limitations
73.85 | caramel color 1,2,3 | Salts that may be employed to assist caramelization, in amounts

consistent with good manufacturing practice.

133.169 | pasteurized process cheese 1,2,3 | Optional ingredient as an emulsifier, not to exceed 3% by weight

of the product.

133.173 | pasteurized process cheese | 1,23 | Optional ingredient as an emulsifier, not to exceed 3% by weight
food of the product. .

133.179 | pasteurized process cheese | 1,23 | Optional ingredient as an emulsifier, not to exceed 3% by weight
spread of the product.

135.110 | ice cream and frozen 2 Optional ingredient.
custard

137.305 | enriched farina 2 Optional ingredient at not less than 0.5 percent and not more than

1 percent by weight. The enzymes pepsin and papain may be used
as substitutes to reduce cooking time.

139.110 | macaroni products 2 Optional ingredient in a quantity not less than 0.5 percent and not
more than 1.0 percent of the weight of the finished food. When
disodium phosphate is used the label shall bear the statement
“Disodium phosphate added for quick cooking.”

150.141 | artificially sweetened fruit 1,23 | Optional ingredient in an amount not exceeding 2 ounces
elly avoirdupois per 100 pounds of the finished food.
150.161 | artificially sweetened fruit 1,23 | Optional ingredient in an amount not exceeding 2 ounces
preserves and jams avoirdupois per 100 pounds of the finished food.
160.110 | frozen eggs 1 Optional ingredient not to exceed 0.5 percent of the weight of the
frozen eggs.
172.892 | food starch-modified 1 Residual phosphate in food starch-modified not to exceed 0.4
percent calculated as phosphorus.
173.310 | boiler water additive 1,2,3 | The amount of additive is not in excess of that required for its

functional purpose, and the amount of steam in contact with food
does not exceed that required to produce the intended effect in or

on the food.
175.210 | acrylate ester copolymer 2 Not to exceed the amount required as a preservative in emulsion
coating defoamer.
175.300 | resinous and polymeric 2 Miscellaneous material.
coatings
178.1010 | sanitizing solutions 1,3 Approved for use in combination with sodium hypochlorite,
sodium lauryl sulfate, and potassium permanganate (b)(37);
limitations described in detail at 21 CFR 178.1010(0)(32) ().
181.29 | stabilizers 2 Disodium hydrogen phosphate classified as a stabilizer, when
' migrating from food- packaging material.
182.1778 | sodium phosphate 1,23 | Multiple Purpose GRAS Food Substances. GRAS when used in
accordance with GMPs.
182.6085 | sodium acid phosphate 1 Sequestrants: GRAS when used in accordance with GMPs.
182.6290 | disodium phosphate 2 Sequestrants: GRAS when used in accordance with GMPs.
182.6778 | sodium phosphate 1,2,3 | Sequestrants: GRAS when used in accordance with GMPs.
182.8778 | sodium phosphate 1,23 | Nutrients: GRAS when used in accordance with GMPs.

“1= sodium phosphate, monobasic (CAS #7558-80-7); 2= sodium phosphate, dibasic 7558-79-4;
3= sodium phosphate, tribasic (CAS #7601-54-9)

Source: EAFUS.

6. Its use is compatible with the principles of organic bandling.

Additives used for stabilization and prolonging shelf life have generally not been considered compatible with principles of
organic processing (Raj, 1991). Draft principles of organic handling proposed by NOSB in June, 2001 include the statement
“Organic products are handled using processing methods that maintain the organic integrity and quality of the products.”
The NOSB considered a petition for the general use of sodium phosphates in 1995, and restricted that use to dairy products.
A reasonable argument could be made that the same logic could be applied to plant-derived dairy substitutes. A counter-

Last Updated September 21, 2001 Page 8 of 19



------------------------------------------------------------------------------

-----------------------

------------------------------------------------------------------------------

PRODUCT NAME:  SODIUM PHOSPHATE, DIBASIC, ANHYDROUS

FORMULA: NA2HPO4 FORMULA WT: 141.96
CASNO.: 07558-79-4 NIOSH/RTECS NO.: WC4500000

COMMON SYNONYMS: DISODIUM HYDROGEN PHOSPHATE; SODIUM MONOHYDROGEN
PHOSPHATE
PRODUCT CODES: 3828
EFFECTIVE: 10/08/85 REVISION #01
PRECAUTIONARY LABELLING

BAKER SAF-T-DATA(TM) SYSTEM

HEALTH -1 SLIGHT

FLAMMABILITY - 0 NONE

REACTIVITY - 1 SLIGHT

CONTACT - 2 MODERATE
HAZARD RATINGS ARE 0 TO 4 (0 = NO HAZARD; 4 = EXTREME HAZARD).
LABORATORY PROTECTIVE EQUIPMENT: SAFETY GLASSES; LAB COAT
PRECAUTIONARY LABEL STATEMENTS

WARNING CAUSES IRRITATION

AVOID CONTACT WITH EYES, SKIN, CLOTHING.
KEEP IN TIGHTLY CLOSED CONTAINER. WASH THOROUGHLY AFTER HANDLING.
SAF-T-DATA(TM) STORAGE COLOR CODE: ORANGE (GENERAL ST ORAGE)

------------------------------------------------------------------------------

------------------------------------------------------------------------------

COMPONENT % CASNO.

------------------------------------------------------------------------------

BOILING POINT: N/A VAPOR PRESSURE(MM HG): N/A

MELTING POINT: N/A VAPOR DENSITY(AIR=1): 4.9

SPECIFIC GRAVITY: 0.00 EVAPORATION RATE: N/A
(H20=1) (BUTYL ACETATE=1)

SOLUBILITY(H20):  APPRECIABLE (MORE THAN 10 %) % VOLATILES BY VOLUME: 0
APPEARANCE & ODOR: WHITE ODORLESS POWDER.

------------------------------------------------------------------------------

FLASH POINT (CLOSED CUP N/A = FLAMMABLE LIMITS: UPPER-N/A % LOWER-N/A %
FIRE EXTINGUISHING MEDIA
USE EXTINGUISHING MEDIA APPROPRIATE FOR SURROUNDING FIRE.
SPECIAL FIRE-FIGHTING PROCEDURES
FIREFIGHTERS SHOULD WEAR PROPER PROTECTIVE EQUIPMENT AND SELF-CONTAINED
BREATHING APPARATUS WITH FULL FACEPIECE OPERATED IN POSITIVE PRESSURE MODE.
MOVE EXPOSED CONTAINERS FROM FIRE AREA, IF IT CAN BE DONE WITHOUT RISK.
USE WATER TO KEEP FIRE-EXPOSED CONTAINERS COOL.
UNUSUAL FIRE & EXPLOSION HAZARDS
CLOSED CONTAINERS EXPOSED TO HEAT MAY EXPLODE.
TOXIC GASES PRODUCED: PHOSPHORUS OXIDE
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NOSB TAP Review Compiled by OMRI Sodium Phosphates Processing

argument could be made in support of real dairy products being more natural and therefore more compatible with organic
principles than plant-derived substitutes that require synthetic additives. (Sodium phosphates are not used in fluid milk, but
are more likely to be used in frozen milk products or shelf stable dairy creamers.)

Imitation products have historically been regarded as less ‘organic’ than the real product they seek to imitate, particularly
when synthetic chemical additives are necessary to give the impression to the consumer that the imitation is similar to the real
product. A clear consensus is not available on current consumer preference regarding use of stabilizers and other additives in
organic products, and could be further investigated.

7. There is no other way to produce a similar product without its use and it is used in the minimum guantity required to
achieve the process.

The petition states, “Our lengthy research and development has determined that the sodium phosphates provide essential
and incomparable functionality in our organic soy products... . Without the use of sodium phosphates in producing our soy
food and beverage products similar to dairy products, we would not be able to create products acceptable to consumers”
(Amin, 2001). Information included with the petition focused more on dairy products and other applications and only
included data on sodium hexametaphosphate (not reviewed in this TAP review).

Soy milk and other soy-based dairy substitutes in the US are evaluated by comparison with cow’s milk rather than the
traditional product of soy milk (Wong, 1964; Shurtleff and Aoyagj, 1985). Therefore, the question of what is a ‘similar’
product is more difficult to resolve than usual, given that the petition explicitly requests to be evaluated as ‘similar to or
equivalent to’ dairy products, rather than as soy products (Amin, 2001). The logical conclusion is that an organic dairy
product is, by definition, similar.

Traditional Chinese recipes involved the soaking of soybeans in water, grinding them into a slurry, cooking, and filtering to
remove the insoluble cell wall and hull fractions, with no mention of sodium phosphates or any other chemical sequestrants
(Piper and Morse, 1923, cited in Wong, 1964; Hui, 2000). Product development researchers explored a number of processing
modifications in the 1960s and 1970s, with an extensive number of references that compared the resulting products to dairy
foods rather than to the traditional Asian beverage (Wong, 1964; Shurtleff and Aoyagi, 1985). This included methods to make
blander flavors or to produce a yogurt-like texture (Wong, 1964). Later efforts went into creating frozen desserts, such as ice -
creams (Shurtleff and Aoyagi, 1985). Soybean variety selection appeared to be more significant than either preparation
methods or the use of additives in eliminating what were deemed off-flavors in at least one series of experiments (Wong,
1964).

Potassium citrate is a viable alternative cited in a comparative study of the effects of sodium hexametaphosphate and
potassium citrate on ‘soymilk’ heat stability. The authors found, “on a weight-for-weight basis, potassium citrate provided
higher hear stability compared to sodium hexametaphosphate.” In their abstract, the authors state that “samples with 1.25%
potassium citrate had the best heat stability” (Yaziki, et al., 1997). :

Sodium citrate is an alternative to trisodium phosphate in condensed, evaporated, and non-fat milk processing (Ellinger,

~ 1972) and in processed dairy cheese manufacture (Rippen, 1986). Calcium citrate, sodium citrate, and potassium citrate are all

Federally approved emulsifiers to make processed cheese and permitted under the organic rules [21 CFR 133.173 (&(1) and 7
CFR 205.605(b)(5, 26, 31)].

Di-potassium phosphate could be used to prevent coagulation in non-dairy creamers (Considine and Considine, 1982; FMC,
no date). This would limit the non-dairy creamer to a ‘made with organic’ claim [7 CFR 205.605(b)(29)].

Organic ice cream producers make ice cream without added stabilizers and emulsifiers by producing in small batches with
low over-run (Wright, 1994).

Sodium phosphates are not listed in any of the recipes and formulations contained in one of the few references devoted to
soy dairy substitutes (Shurtleff and Aoyagj, 1985). Among the ingredients used in formulations described that are already on
the National List include guar gum [205.606(b)] and lecithin [205.605(b)(15) and 205.606d). Agar, alginic acid, pectins,
potassium alginate, sodium alginate, and starches are also possible emulsifiers, stabilizers, and thickeners (Considine and
Considine, 1982). Calcium sulfate (Buena Park, 2001) and carageenan (NOSB, Orlando, 1995) were not included on the
National List; both were recommended for inclusion by the NOSB.

Last Updated September 21, 2001 Page 9 of 19



NOSB Materials Database
OFPA Criteria

2119(m)1: chemical interactions Not Applicable
2119(m)2: toxicity & persistence  Not Applicable
2119(m)3: manufacture & disposal consequences

2119(m)4: effect on human healith

2119(m)5: agroecosystem biology Not Applicable
2119(m)6: alternatives to substance

2119(m)7: Is it compatible?

References



427

428
429
. 430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445

446.

447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479

NOSB TAP Review Compiled by OMRI Sodium Phosphates Processing

TAP Reviewer Discussion?

Reviewer 1 [East Coast-Ph.D. in biochemistry with food industry experience]
1. The three salts of Sodium Orthophosphate, FCC, are SYNTHETIC.

2. The three salts of Sodium Orthophosphate are already on the National List.

3. Any of the three salts of Sodium Orthophosphate should be allowed for use as direct additives in foods labeled as organic
when used in accordance with good manufacturing practice provided that:
(d) the use is established as necessary for the processing of the food;
() the use is established as having no adverse nutritional impact on the “target population” intended to consume the
food; and
() no non-synthetic, “less synthetic” or environmentally less impactful substance can be used in place of the sodium
phosphate salt.

4, Assessment as to the completeness and accuracy of database and evaluation.

Criterion 3 [nutritional quality and adverse effects on human health]. This aspect is not adequately addressed in the
document, particularly as it relates to the petitioned use of sodium orthophosphate in soy beverages purported to be
nutritionally equivalent to cows’ mitk.

Relevant analyses were not provided on the effect of sodium phosphate use in a soy beverage purported to be nutritionally
equivalent to cows’ milk (a so-called “soymilk”) and specifically on the overall mineral balance of the product. Soy is rich in
phosphorus and poor in calcium. A varying proportion of the phosphorus is present as phytate (inositol hexaphosphate),
which binds minerals like calcium and reduces their bioavailability. Adding phosphates can aggravate a nutritional imbalance
between calcium and phosphorus. Similarly, adding sodium salts can create an imbalance between sodium and potassium.

Vegan parents sometimes feed soy beverages to their toddlers and small children as “milk.” To gauge the nutritional impact
of the use of sodium phosphate in these foods requires chemical analysis of the major minerals (calcium, phosphorus,
magnesium, sodium, potassium, and chloride) in a soy beverage purported to be nutritionally equivalent to milk.

It may be that added phosphates are necessary for nutritional reasons, to meet compositional requirements for a soy beverage

labeled as “soymilk” should FDA establish a standard of identify for foods so labeled.
Criterion 4 [technical effect in the food] is specified in the petition.

Criterion 5 [compatibility with organic handling]. The same reasoning that culminated in allowance of sodium
orthophosphates for dairy products should hold for soy-based foods, except where nutritional considerations become critical
due to the intended use and labeling of the food. ‘

Criterion 7 [availability of alternative means). The intended effect of sodium phosphate is to stabilize protein during heating
or acidification. The petitioner so states: “The use of phosphates is always considered an essential part of a food formula
whenever the food formulation contains protein that is subjected to heat or an acidic environment” (page 8, NOSB Petition
of March 21, 2001).

However, this statement is an untrue overgeneralization in its use of the words “always,” “essential” and “whenever.” The
petitioner has provided no objective evidence that alternative sequestrants (e.g., potassium citrate, sodium citrate, potassium
phosphate, and potassium acid tartrate) cannot substitute for sodium phosphate. I am personally aware that citrates can
replace phosphates in at least some of these applications (e.g,, evaporated milk). . . . Thus, to paraphrase the language of the
NOSB, “there is another way to produce the product without its use . . . ” The citrate salts are more environmentally friendly
and more sustainable than the phosphates, and they are already on the National List and allowed for use in organic foods.

2 OMRI’s information is enclosed is square brackets in italics. Where a reviewer corrected a technical point (e.g., the word should be
“ntravenous” rather than “subcutaneous”), these corrections were made in this document and are not listed here in the Reviewer
Comments. The rest of the TAP Reviewer’s comments are edited for any identifying comments, redundant statements, and typographical
errors. Text removed is identified by ellipses [...]. Statements expressed by reviewers are their own and do not reflect the opinions of any
other individual or organizations.
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NOSB Materials Database

common Name Sodium phosphates

Other Names
Code #: CAS

N. L. Category  Synthetic Allowed

Chemical Name
Monobasic, Dibasic, Tribasic; Disodium (Mono- or Tri- sodium) Monohydrogen Phosphate
Code #: Other

MSDS @yes Ono

Chemis
Family
Composition NaH,PO,, Na,HPO,, Na,HPO,
Properties  All forms are anhydrous or contain one or more molecules of water of hydration. White, crystalline
powder or granules. Anhydrous form is hygroscopic. Freely soluble in water and insoluble in alcohol.
How Made

Action
Type of Use Processing

Specific Use(s) pH control agent (buffer), “Coagulant”, stabilizer; emulsifier; texturizer; nutrient: dietary supplement,
Action

Combinations

e — ————1
OFPA
N. L. Restriction
EPA, FDA, etc FDA-GRAS
Directions
Safety Guidelines

State Differences
Historical status

Internationl status
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NOSB TAP Review Compiled by OMRI! Sodium Phosphates Processing

Comments on the petition.

The term “soymilk” is not universally accepted as the “common or usual name” of the beverage made with whole soybeans.
The FDA Consumer magazine has published articles on soy. According to one article, “ Soymilk,” the name some marketers
use for a soy beverage, is produced by grinding dehulled soybeans and mixing them with water to form a milk-like liquid. Tt
can be consumed as a beverage or used in recipes as a substitute for cow's milk. Soymilk, sometimes Jfortified with calcium,
comes plain or in flavors such as vanilla, chocolate and coffee. For lactose-intolerant individuals, it can be a good
replacement for dairy products.” (FDA Consumer) [Emphasis the reviewer’s.]

In 1997, the Soyfoods Association of North America (SANA) filed a citizen petition requesting that FDA issued a regulation
to recognize the term “soymilk” as the common or usual name for these products. See FDA/CFSAN Docket No.
97P0078/CP. SANA also proposed compositional specifications for products bearing the name of “soymilk.” However, in
May 2000, only 1 in 8 commercially available “soymilk” products met the compositional requirements for “soymilk”
proposed by SANA [May 24, 2000, letter of C. Burnett of White Wave, Inc. to FDA].

The TAP document not withstanding, the petitioner is requesting allowance of far more than just the sodium salts of
orthophosphate. The petitioner makes the statement “These phosphates . . . may be composed of aluminum . . . or sodium
salts” (page 9). EAFUS and 21CFR 182.1781 show that “sodium aluminum phosphate” is allowed in food. Several recipes in
the petition contain “sodium phosphate” but it is sodium aluminum phosphate . . . [in] Fanny’s fat-free foods Ingredient
Statement pages, and others. [Emphasis the reviewer’s.]

The TAP document not withstanding, the petitioner is requesting allowance of sodium salts of far more than just
orthophosphoric acid. The “Selected Definitions” page shows “sodium hexametaphosphate.” Other recipes show sodium
acid pyrophosphate and sodium tripolyphosphate. “Polyphosphates are made by heating mixtures of orthophosphates to
high temperatures where they condense into phosphate chains.” (FMC “Food Phosphates” document). This latter statement
indicates that a separate TAP review of polyphosphates and pyrophosphates is needed due to the more drastic conditions
required for their production.

The petitioner points out four abstracts as being critical but included none of the full articles in the petition. The abstracts are

" not detailed enough for thorough evaluation.

Reviewer 2 [West coast--Consultant to organic certifiers]

CHEMICAL/PROCESSING PROPERTIES, CATEGORIZATION AS SYNTHETIC OR NON-SYNTHETIC:

Sodium phosphates are easily soluble in water. They have a variety of uses in food processing, as mentioned in the database.
This reviewer has not found any sources that describe sodium phosphates as being derived from natural sources. Rather,
production comes from a neutralization of phosphoric acid by sodium hydroxide or sodium carbonate (Davidson, 2000). As
such, sodium phosphates should be considered synthetic materials under OFPA guidelines.

NOSB processing criterion #1 states: “A synthetic processing aid or adjuvant may be used if it cannot be produced from a
natural source and has no organic ingredients as substitutes.” This is partially fulfilled for the case of sodium phosphates.
There are no non-synthetic sources available. However, non-synthetic additives do exist that have similar effects on soy
products as requested by the petitioner. Also, organic ingredients could conceivably be used - examples might be lecithin,
oils, and starches, either by themselves or in combination, with or without inclusion of non-synthetic additives, to achieve the
desired effect. For example, soymilk has been manufactured for many years without sodium phosphates. Additional
ingredients to the soybeans include such things as calcium carbonate, lecithin, vegetable oils, kombu, and others. See below
under “Uses/Essentiality/Compatibility” for more discussion.

ENVIRONMENTAL CONSIDERATIONS:
Manufacture of sodium phosphates is an industrial process. . . Production of sodium phosphates from the reactants involves
yet more processes, each having concomitant added environmental impact.

Sodium phosphates are readily soluble in water into their ionic components. These ions are found in all organisms, and in
and of themselves do not necessarily pose a significant environmental hazard, unless they occur at abnormally high levels.
The control of effluent from sites of high sodium phosphate concentration could have detrimental impact on soils due to
increased sodium content. Release of large amounts of phosphates into aquatic systems has been shown to cause algal
blooms that in tum result in the death of higher species, as the algae deprive the other organisms of oxygen and other
nutrients necessary for survival. This would be the case more for trisodium phosphate than for the mono- and di-sodium
forms. ..
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Please address the 7 criteria in the Organic Foods Production Act:
(comment in those areas you feel are applicable)

(1) the potential of such substances for detrimental chemical interactions with other
materials used in organic farming systems;
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(2) the toxicity and mode of action of the substance and of its breakdown products or
any contaminants, and their persistence and areas of concentration in the
environment;
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(3) the probability of environmental contamination during manufacture, use, misuse
or disposal of such substance;
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(4) the effect of the substance on human health;
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(5) the effects of the substance on biological and chemical interactions in the
agroecosystem, including the physiological effects of the substance on soil
organisms (including the salt index and solubility of the soil), crops and livestock;
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(6) the alternatives to using the substance in terms of practices or other available
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(7) its compatibility with a system of sustainable agriculture.
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NOSB TAP Review Compiled by OMRI Sodium Phosphates Processing

The amounts and concentrations proposed for use in the processing of organic foods do not necessarily approach the toxic
levels needed to cause the results mentioned above. Presumably discharge of such concentrations into the environment

could and should be regulated by other governmental agencies.

There are some precautions to be taken when handling certain sodium phosphates (Cherimishinoff, 1999), but these do not
appear to be unduly onerous, especially when compared with other materials one might encounter in a processing facility that
manufactures both conventional and organic products.

NOSB processing criterion #2 is, in the opinion of this reviewer, fulfilled.

NUTRITIONAL / HUMAN HEALTH EFFECTS:

Both phosphate and sodium are essential ions in human metabolism. Some studies offered by the database suggest that
sodium taken in the diet as sodium phosphates may be correlated to displacement of calcium from the body (Boivin and
Kahn, 1998), but there is equally compelling data which suggest that perhaps this is not a significant threat (Whiting, et al,
1997).

Elevated sodium intake is widely known to contribute adversely to a number of circulatory and other diseases in humans, but
the amounts afforded by the proposed use of sodium phosphates is not deemed by this reviewer to constitute a significant
added threat, especially if normal food labeling guidelines are followed by the manufacturer, whereby sodium content of the
food product would be noted. Furthermore, concerns about sodium content in the human diet should not be based solely
on one type of food product. Overall dietary consumption of sodium is part of a larger regimen; those persons concerned
with excessive sodium intake should simply avoid foods made with extra sodium, and many alternatives exist, even if sodium
phosphates were allowed in organic systems as proposed by the petitioner. ...

In the types of processes and amounts proposed for use by the petitioner, there is no reason to suspect any short-term
negative consequences of their inclusion in human food, from a nutritional or health standpoint. Again, the long-term
effects of ingestion are not conclusive. It is the opinion of this reviewer that NOSB processing criterion #3 is fulfilled to an
extent that would not categorically prohibit the use of sodium phosphates from processing of organic foods.

On the other hand, there is nothing presented in the database or by the petitioner that indicates any positive nutritional or
health effect from use of sodium phosphates in processing of organic food. It is clear that phosphate and sodium both can
be gained in the diet through a multitude of other more unquestionably beneficial food sources. In summary, evaluations of
the effects of sodium phosphates in the human diet are at best neutral, and may in time be shown to be detrimental, either

slightly or more significantly so.

Uses / essentiality / compatibility with organic systems and principles:

One of the petitioner’s reasons for wanting to use sodium phosphates is that they increase the stability of soy-based products.
Such functions as they pertain to preservative types of actions should be construed as not meeting NOSB processing
criterion #4 (“...it is not used as a preservative...”). ..

The petitioner does not dispute such ideas when considering more traditional soy-based products, but rather presents other
rationale for the use of sodium phosphates. This rationale is based on the desire to produce certain food products whose
organoleptic characteristic differ from those soy-based products that are made using already accepted additives (such as
magnesium chloride, nigari, calcium sulfate, lecithin, other emulsifiers, oils, already approved non-synthetic non-organic
ingredients, etc)). 'This may in fact be the case for certain formulated products that the petitioner wishes to market as
organic. The combination of the sodium phosphate(s) with certain ingredients and using specific manufacturing techniques
may indeed result in products with different textures and usability than those made without it. What the petitioner seems to
be claiming is that use of sodium phosphates is essentially creating characteristics of the final food that would otherwise not

be possible.

NOSB/OFPA criteria for evaluation of materials used in processing of organic foods do not specifically address such
proposals. NOSB criterion #4 refers to the re-creation of flavors, textures, etc,, but not the actual creation of new or
otherwise unachievable characteristics. Organic certification is a process-based certification. The basis of standards is
therefore not a list of materials, but rather is a set of practices, the materials being a support to that, and not vice versa. The
question then arises as to whether or not such additives in organic foods are appropriate, given the fact that sodium
phosphates are synthetic materials arising from industrial processes that themselves have environmental impact, and have not
evolutionarily been included as part of the human diet. This is especially relevant when considering the uncertainty of the
human health effects caused by more regular intake of sodium phosphates, as noted earlier in this review.
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NOSB TAP Review Compiled by OMRI Sodium Phosphates Processing

The petitioner claims that the essentiality of sodium phosphates in the formulations desired for marketing in the organic
sector are manufactured as such so that they may mimic and compete with similar products that are dairy-based (Amin,
2001). ~

From such considerations as elaborated in the preceding two paragraphs, this reviewer is of the opinion that NOSB
processing criterion #6 (“its use is compatible with the principles of organic handling”) is not met.

Furthermore, to label such formulations as “organic food” seems to fail NOSB criterion #7, which states: “there is no other
way to produce a similar product without its use and it is used in the minimum quantity required to achieve the process”
(emphasis added). The petitioner daims that their food products made with additives other than sodium phosphates do not
adequately equal traditional dairy-based counterparts, even though the products are in fact similar. On the other hand,
labeling such foods as being “made with organic ingredients” would be a true statement.”

Conclusion: 95% organic— synthetic, prohibited, no annotation. Made with organic— synthetic, allowed, no annotation.

Reviewer 3 [West Coast~Ph.D., Food Science and Nutrition professor with inspection and certification experience]
Overview

All life forms known to exist contain phosphorus as the phosphate anion. Polyphosphates to include di- and tri-phosphates
play a central role in energy metabolism since it is the transfer of one phosphate of adenosine triphosphate that provides the
means of energy transfer for every living cell. Phosphorous in the form of the phosphate anion is a constituent of nearly
every type of food consumed by living organisms (Ellinger, 1972). Therefore the role of phosphorous in human cell
bioenergetics is well established in the biochemical literature.

Phosphate in Food Processing
Functionality of phosphates in food depends on their ability to form complexes and reaction products with constituents of
foods.

Phosphates have been used in food in the preparation of beverage powders, as leavening acids in chemical leavening systems,
in cheese and dairy product beverages, puddings, coffee whiteners, whipped toppings, ice cream products, cream cheese and
cheese spreads, and egg products. Additionally, phosphates are used in the refining of food oils, and reduction in the rate of
lipid oxidation in muscle food systems. Phosphates have also shown to function as microbiological inhibitors Therefore,
phosphates in the mono, di and tri forms have been and are used extensively in many food systems (Considine, 1982).

Regulatory Status
The US Food and Drug Administration considers use of sodium mono, di and tri phosphates as generally recognized as safe.

Initially some types of phosphate were thought not to be safe. For example the cyclic metaphosphates showed upon
ingestion a high urinary output. Further research has shown that the metaphosphate must first be hydrolyzed to the
triphosphate and then to the orthophosphate before it can be absorbed (Ellinger, 1972). Sodium phosphate in the mono, di
and tri basic forms are provided GRAS status (Ellinger, 1972).

Nutritional and Toxicological Issues

Sodium phosphate in all of its chemical forms has been approved as a dietary supplement (Ash and Ash, 1995). However,
recent evidence suggests that there may be a relationship between high dietary levels of protein and phosphate that may
increase urinary calcium excretion. Additionally, a recent report indicated that oral sodium phosphate when taken for bowel
preparation (i.e. examinarion) may cause electrolyte shifts in patients resulting in death of elderly or seriously ill patients
(Boivin and Kahn, 1998). Additionally, a study comparing bladder tumor promoting characteristics of sodium phosphate and
sodium diphosphate with preformed nitrosamines showed that sodium phosphate, a urine alkalizer, demonstrated tumor
promoting activity in rats initiated by N-butyl-N-4hydroxy butyl nitrosamine (BBN) (Shibata, et al, 1993). The authors
suggested further study to better understand how the sodium phosphate in the presence of carcinogens such as nitrosamines
function to possibly act as tumor promoters.

Overall, the literature contains many studies on the nutritional and potential toxicological effects of phosphates in food.
However, after over forty years of research, few definitive conclusions have been made.

Additional Effects of Phosphates

It is well known that phosphate detergents may play a significant role in eutrophication. However, a database may be useful if
detergents and/or cleaning compounds containing phosphate come up for review. Additionally, I think it would be wise to
collect basic information on phosphate mining, sodium hydroxide and sodium carbonate manufacture. ..
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NOSB TAP Review Compiled by OMRI Sodium Phosphates Processing

Summary of Findings

Sodium phosphate in its mono-, di-, and tri- forms is being petitioned for inclusion on the NOP. Presently it is approved for
use in dairy products. Sodium phosphate (mono, di and tr1) is GRAS as determined by FDA [XXX note this conflicts with
his answer below] Overall, since the NOSB approved its use for dairy products, it is hard to argue on any scientific basis why
it cannot be used in other food systems. It is clearly a synthetic food additive that should have been prohibited in 1995 if only
organic principles were applied. Therefore, I feel that on a purely scientific basis, sodium phosphate (mono-, di-, and tri-)
should be classified as synthetic, allowed with a suggested annotation to the usage levels as required by FDA 21 CFR,
inclusive of any product categories (i.e., not just dairy and soy).

The TAP Reviewers were also asked the following questions:
Similar questions were posted to the OMRI web site, and no information was received from the public by the deadline.
Where a Reviewer is not mentioned, the Reviewer did not have comments on the question.

1) Additional references requested.
All three reviewers provided additional references that were integrated into the TAP review. Other comments:

Reviewer 1: The petitioner failed to include references establishing the essentiality of “sodium phosphate” for a
~ purported “soymilk” manufacture. Thus, specific references documenting the use of sodium phosphates in “soymilk
cannot replace specific references that should prove that sodium phosphates are essential for “soymilk” manufacture.

>

The literature citations of effects of sodium phosphate purgatives are not relevant to food use. This is especially true
when the bowel cleansers were not used according to label instructions and were given to patients where the use of
phosphate purgatives was medically contraindicated.

Relevant literature was not provided on the effect of sodium phosphate use in a so-called “soymilk” on the overall
mineral balance of the product. Soy is rich in phosphorus, with a varying proportion of it bound as phytate (inositol
hexaphosphate). Adding phosphates can create a nutritional imbalance between calcium and phosphorus. Similarly,
adding sodium salts can create an imbalance between sodiurn and potassium.

Reviewer 3: Review of the literature provides little evidence of the ability of phosphates to function as tumor promoters
and play a role in carcinogenisis.

'2)  OMRI did not include numerous references to dairy products for which the petitioner is substituting. If any of these are

particularly relevant, please let OMRI know. Ellinger’s 1972 survey has over 1,000 references, and many more
references have come out since then. Very few seem to specifically address what is in the petition or the OFPA criteria.

Reviewer I: The physical and technological effects may be quite similar but the nutritional impact of added sodum
phosphate on a calcium-rich milk system with a balanced calcium-to-phosphorus ratio is very different than the impact
of added sodium phosphate on a calcium-poor so-called “soymilk” containing a lot of phosphorus.

Reviewer 3: According to the petition page 4, there are no other acceptable substitutes for phosphates, perhaps based on
cost, functionality, product stability requirements during large scale manufacturing operations, and required product
stability for shelf life considerations. I am sure that the soymilk I may make at home does not require phosphates
because it is consumed in a matter of hours or days without any further processing. Therefore the petition seems to
suggest that commercial manufacture requires the soymilk to be stabilized and therefore lies the nature or reason for the

petition.

3) I there any documentation on sodium phosphates’ uses in certified organic products prior to the 1995 NOSB
recommendation for use in dairy products?

Reviewer 1: I believe that the answer is yes, according to my recollection of the correspondence to the NOSB from
industry in 1992-1995 on soy-based beverages.

Reviewer 2: A wide variety of soy-based products have been manufactured for a very long time without the use of
sodium phosphates. From this standpoint, the need for sodium phosphates could be deemed to not be essential.

Reviewer 3: T have no references to document use of sodium phosphate in certified organic product prior to 1995.
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NOSB TAP Review Compiled by OMRI Sodium Phosphates Processing

4)  What do other soy milk manufacturers use?

5)

Reviewer 2 did not answer this question regarding soy milk but provided considerable comment on ingredients used in
various other dairy substitutes.

There is substantial literature on the medical applications and health effects of sodium phosphates that OMRI bas not
summarized in the TAP review, other than to note that it exists. Some potential areas to include for OFPA criteria
question 4--The effects of the substance on human bealth:

Reviewer I The health effects discussion in the document is too heavily weighted to pharmacological, pharmaceutical
and toxicological aspects and not enough to the nutritional aspects.

Reviewer 3 did not respond to any of the items below in reference to 5, but instead verified the references used for
processing criteria question 2 and suggested that it may be appropriate to cite additional references.

a)  One source describes trisodium phosphate as a tumor promoter, but it is not listed as such by NTP or IARC. Are
there any additional references of any of the sodium phospbates?

Reviewer I: Trisodium phosphate is an extremely caustic material; note the pH value of 12 described in the base
document. In a food system the use of a sodium phosphate is ‘normally’ at levels consistent with good manufacturing
practices. I can think of no foods with a pH of 12 (equivalent to 0.01 N sodium hydroxide).

Reviewer 2: . . . the OMRI database includes reference to promotion of bladder cancer in rats fed trisodium phosphate
(Shibata, et al), but this study in and of itself does not seem to be strong enough evidence to support significant concern
of the petitioner’s proposed use of sodium phosphates.

Reviewer 3: Review of the literature provides little evidence of the ability of phosphates to function as tumor promoters
and play a role in carcinogenisis.

b)  What is the connection between sodium phosphates and osteoporosis? Specifically, do sodium phosphates increase,
decrease, or have no effect on osteoporosis? Is there a difference between use in dairy foods and soy foods based on the
different calcium and phosphate levels contained in those foods?

Reviewer I: 1 believe that the evidence is convincing that a high phosphate, low calcium diet will predispose to
osteoporosis. More critically, a high calcium intake prior to menarche increases the bone calcium level in women. Thus,
the use of added phosphate salts in a so-called “soymilk” needs to be guided by nutritional considerations of calcium-to-
phosphorus ratio, etc.

Reviewer 2: Questions have been posed as to whether or not increased ingestion of sodium phosphates contributes in
some way to osteoporosis, but there is no conclusive research offered to show that this is absolutely the case. These
issues may be part of a larger question regarding the intake of phosphates in general, and their relation to calcium use by
the body.

Uncertainty stems from several factors, among which are: () The interactions of phosphates and calcium in the body is
not completely understood. Balance of the two is also dependent on a variety of other physiological factors, including
hormone and vitamin levels (Vander, 1980). Much of the interactions on a cellular and wider physiological level are
simply not adequately known. (i) Individual human metabolism varies considerably from one person to another, based
on genetics, body type, diet, lifestyle, and environmental exposure. (iii) Patterns of osteoporosis in the human
population have not been well discerned to date. It is possible that increased documentation of the incidence of
osteoporosis in the population over the next generation or so will reveal more convincing patterns. . . .

Reviewer 3 provided references that were incorporated in, and made the following statement:

In principle I am not in favor of the use of any synthetic additive or ingredient in organic food systems. In reality a
decision was made to allow phosphates for use in dairy products. The literature warns us of the effects of increased
phosphorous in the diet and its negative effect on calcium absorption and retention in bone. However, the usage levels
as mandated by FDA mitigate this concern..

.- [UJse of phosphates, in my opinion will contribute to the amount of phosphorous in the diet and may contribute to
less calcium being absorbed. This is especially important in young children and older people who may be in osteoporatic
conditions. It would be interesting to know what the ratio of calcium to phosphorous is in soymilk with and without the
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higher organic ingredients)? Yes No
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6)

added sodium phosphates. Without this data, it would be difficult to assess the specific availability of calcium from soy
food and beverage products.

¢) Does sodium phosphate increase the excretion of calcium in [urine]? Most studies seem to suggest that it does not, but
individual cases bave been reported in the literature. Should the adverse health impact on a subgroup of the
population be listed, even if adverse health impacts are not observed on most people?

Reviewer 1: The chronic (rather than acute) effects of “soymilk” consumption by children and adolescents (rather than
by elderly individuals with kidney failure) are much more relevant to the OFPA criteria in evaluating sodium phosphate
use in a food labeled as “soymilk.”

Reviewer 2: There is the possibility that increased intake of phosphates in the diet may lead to calcium depletion from
the body, but this could likely be due to all types of phosphates as opposed to only sodium phosphates. For example,
the increased consumption, especially by female youths and teenagers, of soft drinks containing phosphoric acid (in the
diet in place of milk, fruit juices, plain water, or other non-synthetic drinks) may eventually show itself convincingly to be
part of a pattern that leads to such diseases as osteoporosis. However, despite the possible validity of such concern,
without some solid epidemiological or similar public health data, it is too early to actually draw such conclusions. For
these reasons, it does not seem reasonable to this reviewer at this time to dwell on adverse health effects of sodium
phosphates as recorded in individual cases, or to assume that the problems linked to dietary intake of phosphates
(sodium or otherwise) is that simple or straightforward.

d) Any other medical and health effects that should be included in the TAP review?
None of the reviewers suggested anything specific. Reviewer 1 referred to the response to 5c.

Compatibility (Processing criteria question 6: Its use is compatible with the principles of organic bandling.): Any
references to add in the discussion of the compatibility of imitation v. real products in organic?

Reviewer 1: 1 believe that the regulators best make this value judgment. “Soymilk” is not a legal term, since “milk” has a
legal definition. What we refer to as “soymilk” is a “soy beverage.” These foods are “real’ soy beverages. Should the
FDA ever create a standard of identity for “vegetable milk,” this would be the forum for substantive and philosophical
comments.

7)  Alternatives (Processing criteria question 7: There is no other way to produce a similar product without its use and it is

used in the minimum quantity required to achieve the process.): By definition, dairy products are similar. However,
there is a segment of consumers that demand organic vegan substitutes for dairy products. How is this best explored and
explained?

Reviewer 1: Potassium citrate can replace sodium phosphate in both dairy and in soy beverage processing, with some
documentation available on a case-by-case basis.

The Food and Drug Administration and the Federal Trade Commission are charged with enforcing true and non-
misleading labeling and advertising, respectively, with regard to these foods. Thus, this question is outside the aegis of
both the NOSB and the USDA except as it relates to the use of the term ‘organic’.

Reviewer 2: The choice of some consumers to buy and eat non-dairy foods is valid. However, the need to market such
foods as being functionally and organoleptically equivalent to their dairy-based analogues is, in this reviewer’s opinion,
questionable. The need for consumers to have substitute or “mock” products so that they can alter their nutritional
intake by simply substituting their habitual food choices with “fake” analogues is questionable. Consumers of organic
food might consider a more broad or holistic approach to food preparation to satisfy their own dietary choices. The
NOSB might want to address the question, Do such substitutions result in as complete a diet and nutrition for the
consumer? As a simplistic example, soymilk is not recommended to replace dairy milk for feeding infants. It must be
acknowledged that despite continual advances, mankind’s knowledge of his nutritional requirements is incomplete.
Compliance with organic certification requirements often demands creativity of the farmer, and of the processor....

Reviewer 3: In review of the petition and from review of the literature I am not aware of a suitable alternative to sodium
phosphate that possesses the same functionality, cost, availability and usage levels. In my opinion there is not available
any non-synthetic alternative.
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Health Risk Information

“hysician. EYES or SKIN: flush with water; Toxicity by
‘alation (Threshold Limit Value): Data not available;
.ort-Term Inhalation Limits: Data not available;

Toxicity by Ingestion: Grade 3, LD, 50-500 mg/kg; Late

Toxicity: Data not available; Vapor (Gas) Irritant

Characteristics: Data not available; Liquid or Solid

Irritant Characteristics: Data not available; Odor

Threshold: Data not available.

Sodium Oxalate — (i} Chemical Designations —
Synonyms: Ethanedioic acid; disodium salt; Chemical
Formula: Na,C,0,; (ii) Observable Characteristics —
Physical State (as shipped): Solid; Color: White; Odor:
None; (iii) Physical and Chemical Properties —

Physical State at 15 °C and 1 atm.: Solid; Molecular " °

Weight: 134.0; Boiling Point at 1 atm.: Not pertinent
(decomposes); Freezing Point: Not pertinent; Critical
Temperature: Not pertinent; Critical Pressure: Not
pertinent; Specific Gravity: 2.27 at 20 °C (solid); Vapor
(Gas) Specific Gravity: Not pertinent; Ratio of Specific
Heats of Vapor (Gas): Not pertinent; Latent Heat of
Vaporization: Not pertinent; Heat of Combustion: Not
pertinent; Heat of Decomposition: Not pertinent; (iv)
Health Hazards Information -— Recommended
Personal Protective Equipment: Dust mask; goggles or
face shield; rubber gloves:; Symptoms  Following
posure: Inhalation or ingestion causes pain in throat,
--ophagus, and stomach; mucous membranes turn white;
other symptoms include vomiting, severe purging, weak
pulse, cardiovascular collapse, neuromuscular symptoms,
and kidney damage. Contact with eyes or skin causes
irritation; General Treatment for Exposure: Act promptly!
'INHALATION: move to fresh air; if exposure to dust is
severe, get medical attention. INGESTION: give dilute
calcium lactate, lime water, or milk; administer gastric
lavage; consult physician; watch for edema of the glottis
and delayed constriction of esophagus. EYES or SKIN:
flush with water; Toxicity by Inhalation (Threshold Limit
Value): Data not available; Short-Term Inhalation Limits:
Data not available; Toxicity by Ingestion: Grade 3, LD,,
50-500 mg/kg; Late Toxicity: Data not available; Vapor
(Gas) Irritant Characteristics: Data not available; Liquid
or Solid Irritant Characteristics: Data not available:
Odor Threshold: Data not available.

Sodium Phosphate — (i) Chemical Designations —
Synonyms: “Sodium phosphate” is generic term and
includes the following: (1) monosodium phosphate
(MSP; sodium phosphate, monobasic), (2) disodium
phosphate (DSP; sodium phosphate dibasic), (3)
trisodium phosphate (TSP; sodium phosphate, tribasic),

OLI/ M‘f;lwk.,@. %ﬁsf ‘Z‘??’ 671

(4) sodium acid pyrophosphate (ASPP; SAPP; disodium
pyrophosphate (TSPP), (6) sodium metaphosphate
(insoluble  sodium metaphosphate), (7) sodium
trimetaphosphate, and (9) sodium tripolyphosphate
(STPP; TPP); Chemical Formula: (1) NaH,PO,; (2)
Na,HPO,; (3) Na;PO,; (4) Na,H,P,0;; (5) Na,P,0;; (6)
(NaPQ,) . (7) (NaPOy 5 (8) (NaPO,) , NaO; (9)
Na,P,0,,; (ii) Observable Characteristics — Physical
State (as shipped): Granular or powdered solid; some
may appear glassy; Color: White; Odor: None; (iii)
Physical and Chemical Properties — Physical State at
15 °C and I atm.: Solid; Molecular Weight: Values for
anhydrous salt run. from 120 to high polymer values;
Boiling Point at 1 atm.: Not pertinent (decomposes);
Freezing Point: Not pertinent; Critical Temperature: Not
pertinent; Critical Pressure: Not pertinent; Specific
Gravity: 1.8-2.5 at 25 °C (solid); Vapor (Gas) Specific
Gravity: Not pertinent; Ratio of Specific Heats of Vapor
(Gas): Not pertinent; Latent Heat of Vaporization: Not
pertinent; Heat of Combustion: Not pertinent; Heat of
Decomposition: Not pertinent; (iv) Health Hazards
Information — Recommended Personal Protective
Equipment: U.S. Bu. Mines toxic dust mask; protective
gloves; chemical-type goggles; full-cover clothing;
Symptoms Following Exposure: Inhalation of heavy dust
may irritate nose and throat. Ingestion may injure mouth,
throat, and gastrointestinal tract, resulting in nausea,
vomiting, cramps and diarrhea; pain and buming in moth
may occur. Contact with eyes produces local irritation;
can lead to chronic damage. Contact with skin produces
local irritation; repeated or prolonged contact can lead to
dermatitis; General Treatment for Exposure: If the
following measures do not eliminate the symptoms, see a
physician. INHALATION: give large amounts of water
or warm salty water to induce vomiting; repeat until
vomitus is clear; milk, eggs, or olive oil may then be
given to soothe stomach. EYES: immediately flush with
large amounts of water for at least 15 min., holding
eyelids to ensure flushing or entire surface; avoid
chemical neutralizers. SKIN: flush with water; avoid
chemical neutralizers; Toxicity by Inhalation (Threshold
Limit Value): Data not available; Short-Term Inhalation
Limits: Data not available; Toxicity by Ingestion: Data.
not available; Late Toxicity: Data not available; Vapor
(Gas) Irritant Characteristics: Data not available; Liquid
or Solid Irritant Characteristics: Data not available:
Odor Threshold: Data not available.

Sodium Silicate — (i) Chemical Designations —
Synonyms: Water glass; Soluble glass; Chemical
Formula:  Na,SiO,-NaSiO,-H,0; (ii) Observable
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phates, which consists in spraying a solution 5. The method of preparing pyro-phos- 10

. of a sodium phosphate compound into a phates, which includes the step of heating
desiccating gaseous medium substantially particles of a sodium hydrogen phosphate
inert with ect thereto to provide the while in suspension and in motion.,
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No. Drawing.

The invention relates to a method of
treating materials to produce therein a de-
sired physical or chemical change, or both,
purely by the action of heat on said mate-

* & rial, and has to.do particularly with the
Eroduction of p
ydrogen phosphate.
character have ordinarily been carried on
heretofore essentially as’a furnacing oper:
10 ation, that is to say the material under treat-
ment. is subjected in mass to the action of
heat and in a suitable furnace.

As a rule, certain definite ecritical tem-

perature limits are necessary in the treat-
15 ment of the material; and it is highly de-
sirable, and in many cases necessary, that
. the temperature be maintained uniformly
within the critical limits upon the said

material thruout the heat treating process.
20 This latter requirement, however, is ifficult:
to meet when thus treating the material in*

mass, as different ¥arts thereof will receive
different degrees of heat. -
Furthermore, some treatments of this
25 character involve chemical action between
the material and hot tlfases. The process
forming the subject of the present invention
does not, however, contemplate such action,
but relates solely to a thermal effect. It
30 has for its object a mode of heat treatment
for materials, particularly sodium phos-
phate compounds, wherebay the heat action
. mmay more effectively and more efficiently
be applied to the material and which treat.
86 ment will admit, also, of a close thermal con-
trol. To this end, the novel method of
treatment consists essentially in first pre-
paring the material in a
vided or comminuted state and then sub-
40 jecting the same to heat of sufficient inten-
sity.to effect therein the desired physical or
chemical change, or both, as by suspending,
for example thru a spraying operation, the
material In a8 gaseous medium in respect to
45 which it is substantially inert. If the mate-
- rial processed is. initially in liquid form
this operation involves also . s gesiccating
action, it being understood that the 'final
effect on said material is due purely to ther-
80 mal action and that the gaseous medium is
substantially inert with respect to the mate-
rial, serving merely as a convenient vehicle
therefor in its y subdivided state.
In the production of sodium phosphate

"phosph

rophosphate from sodium’
‘ _(gperations of this;

dry and finely di- _phosp

OF DOVER, DELAWARE, A CORPORATION OF
! METHOD OF PREPARING PYROPHOSPHATES,

Application flled November 15, 1923, Serial No. 675,012,

compounds, known as pyro-phosphates, the
present practice is to subject the sodium
ate compounds to heat treatment, in
trays, in a furnace where the temperatures
on the material are maintained -at Approxi-

‘mately 425°-450° F. the material being re-

moved after a predetermined time and
ground to the desired degree of fineness.
n accordance with the novel process form-

ing
cation, the sodium phosphate compoun
finely divided state are for an appreciable
period to be subjected to a heating zone at
a temperature of from 426°-450° F. as

while in suspension in a gaseous medium’
70

inert with respect to the material. The d
powdered material is then cooled and col-
lected and is ready for use without any
further processing.” The process may also
be carried out in'a single step by spray-dry-
ing sodium phosphate solufion, in manner
well understood, ‘and

appreciable period the terminal temperature
on the dry product to bring about the de-
sired heat reaction necessary to produce the
pyroc-lphos_phate. _

I claim=— _

1. The method of
phatesxl,1 which consists in preparing a sodium
phosphate compound in a dry powdered
condition, and subjecting the same while in
s_u's§>ension in_a gaseous medium substan-
tially inert with respect thereto to heat of
intensity sufficient to convert the sodium
phosphate compound to a pyro-phosphate.

2. The method of preparing pyro-phos-
phates, which consists in preparing a sodium

hate compound in a dry powdered
condition, subjecting the same in finely di-
vided state to the action of a.gaseous medium
substantially inert with respect thereto and
heated to an_intensity  sufficient to convert
the sodium phosphate compound to a pyro-
phosphate, and collecting the pyro-phos-
phate Tgro«iuct._ ’

3. The method of preparing pyro-phos-
phates, which consists in preparing a sodium
phosphate compound in a dry powdered
condition, and subjecting the same while in
su:ﬁ;eqsion In a gaseous' medium substan-
tially inert with respect thereto to a tempera-

ture of 425°450° F. for an appreciable
period. ’

maintaining for an

* 4. The method of Ppreparing Pyro-phos-

the subject matter of the present a.é)pl.i- '
s in

&5

L1

%

80

preparing pyro-phos- |

9%

100

108



Garousel Foods of America, Inc. e of oo T sy
Fine Desserts

March 21, 2001

National Organic Standards Board g . ey

C/o Robert I%ooler Received by OMRI
Agricultural Marketing Specialist

USDA/AMS/TM/NOP APR 27 2001
Room 2510-So.

Ag Stop 0268

P.O. Box 96456

Washington, D. C. 20090-6456

Subject: Petition to Amend the National List
Substances Petitioned: Sodium Phosphates

Specific Amendment Request: To Include Sodium Phosphates on the National
List for Use in Food and Beverage Products
Formulated with Soymilk and Dry Soymilk
Similar to or Equivalent to Dairy Products

Dear Mr. Pooler,

We are writing you to request that the National Organic Standards Board consider the

enclosed petition to amend the National List in its June 2001 meeting.

The reason for this petition is quite simple. Sodium phosphates are allowed for use in
dairy products due to their versatility in food processing and their ability to allow
researchers to create acceptable product formulations. Sodium phosphates are both

commonly used and safe. T

For the last 14 years, I have worked with soy directly or indirectly. I have been exposed

to a full range of manufacturing and marketing activities with soy products. During 36

years of experience in the food industry, particularly in the dairy industry, I have come to :
appreciate the effort required to develop and market new products successfully. In my '
work with soy, I have felt that soy products, especially the dairy-like soy foods and

beverages, have not received the level of consumer acceptance they deserve. I believe

535 Smith Street, Farmingdale, NY 11735 Tel: 631-694-9500 Fax: 631-694-3141 E-mail: carouselfoods.com
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FOOD PRESERVATIVES AND FUNCTIONAL FOOD
APPLICATIONS.
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PHOSPHATES AND FOOD PROCESSING

HISTORICAL DEVELOPMENT AND GENERAL USE

Phosphates exhibit functional properties in a wide variety
of foods produced by all segments of the processed food
industry. The availability of sodium, potassium, ammo-
nium, calcium, and magnesium phosphates offers food
technologists and food scientists formulation flexibility to
control taste, nutritional, and other technical properties.
The commercial use of food phosphates may be traced
to 1864 when the first U.S. patent was granted for a
phosphate-containing baking powder (1). The use of emul-
sifying salts in Europe for production of process cheese
products began about 1895 and has been reviewed (2).
Principal development in the United States began in 1916

* (3). Since World War II new uses have developed in food

products, including meats, poultry;, seafood, beverages,
dairy products, infant foods, cereals, desserts, produce,
and nutritional supplements. Various detailed reviews
have been published (4—6).

The largest market for food phosphates in the world is
the United States where processing techniques and ad-
vanced food technology follow the consumer trends and de-
mands for high-quality convenient foods. Phosphate use in’
food applications is an important segment of the overall
industrial phosphate market. The U.S. consumption of
food phosphates was estimated to be 87,000 t P,O; in 1993,
excluding phosphates sold into dentifrice applications and
phosphoric acid sold directly into the food industry (7). The
second largest market of food phosphates, Western Eu-
rope, is approximately 37,000 t P;O5 (1993), including the
dentifrice market (7). The growth rate of food phosphates
in the United States was predicted to be 1.5 to 2.3% an-
nually (1993-1998, including phosphoric acid) while that
predicted for Western Europe (1993-1997) was relatively
flat (7). The bakery market segment represents approxi-
mately 40% of the food phosphates consumed in the United
States while the meat, poultry, and seafood applications
represent an estimated 30% of the phosphate consumed,
followed by dairy (14%) and other (16%) (7).

NOMENCLATURE AND STRUCTURE

Of the phosphoric acids formed by the reaction between
phosphorus pentoxide and water, orthophosphoric acid
(HzPO,) is the simplest and most commonly encountered
(8,9). One, two, or all three protons may be replaced by
metal ions to form the orthophosphate salts. The acid or-
thophosphate salts can be dehydrated to form linear
chains (polyphosphates) and rings (metaphosphates)
wherein phosphate tetrahedrons share oxygen atoms. The
polyphosphates have the general formula M,,, ,P,, 03, ; (M
equals one equivalent of hydrogen or metal ion), which ap-
proaches the formula of the cyclic metaphosphates as the
chain length increases (MPO3),.

Several systems of phosphate nomenclature exist, re-
flecting the historical changes in the understanding of the
phosphate structures. Older names such as pyrophosphate
and tripolyphosphate for the smallest of the polyphosphate
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that soy researchers have not focused on creating products similar enough to ﬁeuereive d by OMRI
products to please the general consumer.

APR 27 2001
Now that so many people of all ages look to soy products for their many health benefits,
it is the duty of the soy food industry and of soy food formulators to develop and bring to

market products that will be acceptable to a wide range of consumers.

Initially, soy was, and still is, marketed primarily as soymilk, veggie patties, and meat
analogues. Efforts have been made to produce and market cultured and fermented soy
products such as yogurt, smoothies, and cheeses. Over the past several years of
concentrated research and development work aimed at creating cultured soy products and
shelf-stable soy drinks, I have found that it is absolutely essential to use sodium

phosphates, in one or another form, to produce acceptable soy food and drink products.

The addition of phosphates helps to extend the stability of soymilk, produces acceptable
textures in desserts and snacks, and offers the opportunity to produce heat-treated or

retorted (sterilized) shelf-stable drinks with fruits and flavors that appeal to consumers.

Since phosphates are widely used in dairy product manufacturing, as well as, it appears,
in non-organic soymilk foods and beverages, I have pursued soy product formulation
using phosphates, particularly sodium phosphate. Now, the imminent establishment of
the National List as law will deprive me and other researchers into organic soy products

of our ability to use sodium phosphates.

I have tried my best to use other phosphates and it is practically impossible to produce the
soy foods and drinks mentioned above without the use of sodium phosphates. I believe
that sodium phosphates used in soy products are not included on the National List

because no one, until now, has asked for their inclusion.
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foods (43). In nearly all studies, the concentration of phe-
nolic antioxidants required for inhibition in a food, espe-
cially a meat product, is significantly higher than that
needed for in vitro inhibition. This is probably because the
presence of lipid or protein dramatically decreases the ac-
tivity of phenolic antioxidants due to binding (44). Appli-
cation studies in lower fat and protein products have
ghown more promise.

PHOSPHATES

Some phosphate compounds, including sodium acid pyro-
phosphate (SAPP), tetrasodium pyrophosphate (TSPP),
sodium tripolyphosphate (STPP), sodium tetrapolyphos-
phate, sodium hexametaphosphate (SHMP), and triso-
dium phosphate (TSP), have variable levels of antimicro-

bial activity in foods (45). Gram-positive bacteria are.

generally more susceptible to phosphates than ‘Gram-
negative bacteria. TSPP, SAPP, STPP, and SHMP have
been shown to inhibit Bacillus subtilis, Enterococcus
faecalis, Clostridium sporogenes, C. bifermentans, and
Staphylococcus aureus (45,46). Sodium polyphosphates at
1% inhibited lag and generation times of Listeria mono-
cytogenes in BHI broth, especially in the presence of NaCl
(47). Wagner and Busta (48) found that SAPP has no effect
on the growth of C. botulinum but delayed or prevented
toxicity to mice. It was theorized that this was due to bind-
ing of the toxin molecule or inactivation of the protease
responsible for protoxin activation.

Phosphate derivatives also have antimicrobial activity
in food products (49). SAPP, SHMP, or polyphosphates en-
hance the effect of nitrite, pH, and salt against C. botuli-
num (45). Phosphates, sodium chloride, reduced water ac-
tivity, water content, reduced pH, and lactic acid interact
to prevent the outgrowth of C. botulinum in pasteurized
process cheese (50). A 10% sodium tetrapolyphosphate dip
preserved cherries against the fungal growth by Penicil-
lium, Rhizopus, and Botrytis (45). Various phosphate salts
have antimicrobial activity against rope-forming Bacillus
in bread and Salmonella in pasteurized egg whites (51).
Trisodium phosphate (TSP) at levels of 8 to 12% reduces
pathogens, especially Salmonella, on poultry most likely
due to a physical removal process or high pH (11-12)
(562,53).

Several mechanisms have been suggested for bacterial
inhibition by polyphosphates. The ability of polyphos-
phates to chelate metal ions, such as magnesium, appears
to play an important role in their antimicrobial activity
(45). Knabel et al. (54) stated that the chelating ability of
polyphosphates is responsible for growth inhibition of B.
cereus, L. monocytogenes, S. aureus, Lactobacillus, and As-
pergillus flavus. In addition, inhibition is reduced at lower
pH due to protonation of the chelating sites on the poly-
phosphates. It was concluded that polyphosphates inhib-
ited Gram-positive bacteria and fungi by removal of essen-
tial cations from binding sites on the cell walls of these
microorganisms (54).

NATURALLY OCCURRING COMPOUNDS AND SYSTEMS
Nisin

Nisin, a polypeptide produced by Lactococcus lactis spp.
lactis, was isolated, characterized, and named by Mattick
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and Hirsh (55). The peptide has 34 amino acids and a mo-
lecular weight of 3,500 Da, however it usually occurs as a
dimer. The solubility of the compound depends on the pH
of the solution. At pH 2.2, the solubility of nisin is 56 mg/
mL, at pH 5.0, 3 mg/mL, and it is less soluble at neutral
and alkaline pH. Nisin solution in dilute HCI at pH 2.5 is
stable to autoclaving (121°C) with no marked loss of anti-
microbial ‘activity. At pH 7.0, inactivation occurs even at
room temperature. Nisin remains stable for years in the
dry form, but activity is gradually lost in foods. The effec-
tiveness of nisin increases as pH decreases. Nisinase from
Streptococcus thermophilus, Lactobacillus plantarum,
other lactic acid bacteria, and certain Bacillus species in-
activate nisin (55). In addition, resistance to nisin may de-
velop in cells exposed to the compound through alterations
of the cell surface or cell membrane (18).

Nisin has a narrow spectrum affecting only Gram-
positive bacteria, including lactic acid bacteria, strepto-
cocci, bacilli, and clostridia. By itself, it does not generally
inhibit Gram-negative bacteria, yeasts, or molds. Nisin is
inhibitory to the spore formers Bacillus and Clostridium,
including Clostridium botulinum. Nisin concentrations
necessary to inhibit Clostridium botulinum in brain heart
infusion broth were 200, 80, and 20 ug/mL for types A, B,
and E, respectively (56). In contrast, the concentration re-
quired to inhibit C. botulinum in cooked meat medium
(CMM) was beyond the highest tested for types A (>200
ug/mL) and B (>80 ug/mL). It was theorized that the
higher levels required in CMM were due to binding of the
nisin by meat particles. Nisin reduces the heat resistance
of spore formers. The sensitivity of vegetative bacteria to
nisin varies. Staphylococcus, Enterococcus, Pediococcus,
Leuconostoc, Lactobacillus, and Listeria monocytogenes
have all been shown to be sensitive to nisin (67-60). Gram-
negative bacteria are resistant to nisin activity, but they
can be sensitized by disruption of the outer membrane ei-
ther chemically with chelators, such as EDTA, or mechan-
ically. This expands the spectrum of nisin to Gram-
negative pathogens such as Escherichia coli, Salmonella,
Yersinia (61).

The application of nisin as a food preservative has been
studied extensively. Nisin-producing starter cultures were
first used to prevent gas or “blowing” of Swiss-type cheese
caused by Clostridium tyrobutyricum and C. butyricum
(62). Nisin has been recommended for use in canned vege-
table products to prevent the outgrowth of Clostridium bot-
ulinum when less severe sterilization conditions are de-
gired or required (61). The compound has been shown to
have potential benefit in some meat products, although, as
already stated, binding to meat may be a problem. Nisin
has been suggested as an adjunct to nitrite in cured meats
to prevent the growth of clostridia (61). The compound has
been tested as a preservative in seafood, dairy products,
vegetables, soups, sauces, beer and ale (61). Nisin was less
active against L. monocytogenes in milk and ice cream with
increasing fat concentrations (63,64). This was probably
due to binding of nisin to fat globules.

Nisin is permitted for use in foods in many countries
including the U.S. It was approved by the U.S. FDA for use
in pasteurized cheese spreads and pasteurized process
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The individuals in charge of scientific affairs at Quality Assurance International and
Oregon Tilth understand my position and have sided with me. I have enclosed copies of

their letters.

Based upon all of this, we submit the attached well-documented petition for your review,

evaluation, and approval.

We appreciate your attention to this matter. If you require further information, please let
me know without hesitation and we will be glad to provide you with whatever you ask

for. Looking forward to your favorable response, I am

Received by OMRi
Sincerely yours, APR 27 2001
S_R. Amin, M.S.

Executive Vice President
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APR 27 2001
Tou Tom Timons From: QAY Samara
Compaen Caracel Foods Pages:  (including cover) 1
Fax: 631- 684- 3141 Date: 12/14/00
Re: Di-sodium Phosphate cc:

OUrgent [ ForReview [ Pleass Comment [ Maesse Reply O Mease Racycls

Dear Tom and Amin,
Here is the letter you requested.

According to the current organic practices, di-sodium phosphate is allowed in the processing of
soy products. However, di-sodium phosphate is not on the National list of allowed synthetics
approved by the Secretary of Agriculture by the USDA. Therefore, when the Natiopal Organic
Program ruling goes into effect this will no longer be an allowed material unless petitioned for
review by the National Organic Standards Board.

I strongly suggest you complete a form to bave this material petitioned. There are directions on
how to do 50 on the OMRI web site. (www.omri.org).

Thank you,

'Samaumell

Client Services

A162-00250
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564 DATTA et al—BIOLOGICAL EFFECTS OF FOOD ADDITIVES. I

Organ weights

The relative organ weights are shown in Table VIII. Tt is seen that rats of the 5% PP
group had increased relative weights of heart, liver, spleen, stomach, intestines, kidney and
testes,” Of these, in comparison with the control group, the relative weights of heart, stomach,
intestines (females only), kidneys and testes reached a high level of significance. Increases
i relative weight were not found in other groups, except for intestines in females of the 1% PP
group and kidneys in the 59, OP (males) group and 24% PP and 5% OP (females) groups.
The females of the 1%, PP group bad smaller spleens than normal, but no reason for this could
be established. .

Differences in relative heart weight between control and 5% PP groups could be accounted
for to a large extent by the difference in body weight of the groups, but differences in body
weight could not account entirely for differences noted in weight of the other organs.

Autopsy and histology
The results of macroscopic examination of the organs of rats kept individually in cages are
shown in Table IX. Apart from these, no other abnormalities were noted. Of the organs
examined, only the kidneys showed miucropathological changes. The stomachs of the 23% PP
and 5% PP groups appeared to be microscopically normal.

Table IX
Appearance of ovgans on autopsy of vats fed om dists containing pyrophosphate or orthophosphete
Appearance of organ Number of each group with abaormality (10 animals/group)
Male i Female
Control P Onblfa- Control n hOtﬂ;:)-t
yrophosphate phosphate f’yroph__ ate phosphate
1% % 5% 3 % 2% 5% 5%
Pale,ﬁp&tted ki _ —_— — 6 6 — f— 2 5 7
Ca;.ci cation of kidneys
T0ACroscopic) —_ — - 5 6 — —_ 2 s L
Hypertrophy of cardiac/
pYloric border of stomach — —_ ~ 4 — — — 3 6 —_
Haemorshages at this sitc — —_— - 4 —_ — — 3 4 —

Renal pathology is summarised in Table X. It is seen that with the lower doses of pyro-
phosphate, the changes were chiefly in the cortex. The medullary zone was more affected in
rats receiving the high concentrations of pyrophosphate and orthophosphate.

) Table X
Microscopical appearance of kidmeys of rats fod om disss comtaining pyrophosphate or orthophosphats
% of each group with abnormality
Control _Pyrophosphate Orthophosphate

I % %

Renal damage 25 95 100 100 100

a 4 15 60 [ 15 s

Cortical hyaline degeneration x0 $s 55 20 10
Cortical calcification o s 10 to s
Medullary calcification a s 30 70 75
Medullary necrosis o s 10 60 65
Tubular casts 5 o 30 55 55
Haemorrhages and exudate 5 45 50 6o 60
Chronic inflammatory changes o o 5 70 70

Discussion

The acute studies show marked differences between oral and parenteral LD, levels. The
oral figure is in the region of 4 8./kg., Whereas the parentexal js less than 250 mg./kg. body weight.
Death on intraperitoneal injection wag probably due to effects that are unlikely to occur after
oral administration. The difference between oral and parenteral toxicity may also be related
to the conversion of Pyrophosphate into orthophosphate, since the orthophosphate has much

J. Sci. Food Agric., 1962, Vol. 13, November
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ATCo Certified Organic

™ .
1860 Hawthome NE Suite 200 # Salem OR. 97303 @ Phone (503) 378-0690 Fax (503) 378-0809
email: organic@tilth.org

December 7, 2000

Herb Stein

Natural Flavors

268 Doremus Avenue
Newark, NJ 07105
Fax: 973-589-0016

Re: Phosphates in organic soy drinks

Dear Herb Stein:

OTCO has considered your request for use of di-sodium phosphate in soymilk drink to prevent
protein coagulaton upon heating. The reason for using di-sodium phosphate and the lack of
alternatives was clearly explained by Mr. Amin, from Carousel Foods.

On the principle, OTCO would extend allowance of the use of sodium di-phosphate to soymilk.
However, a complete formulation of the final product, and description of the process would, need
to be submitted for review for a complete approval of the final product that would includeé the di-
sodium phosphate.

Do not hesitate to call if you have any further question.

Best regards,

AT

Anne Plotto, PhD :
OTCO Processing Technical Director ‘ ;
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Table VI
Liver and Ridney function of rats fod dists comtaining pyvophosphate or orthophosphate
' Group Liver function. Kidney function
mg. of BSP/z00 ml. Phenol red test  Concentration test
serum after zo min. (% a:;c;sted in (sp- gr.)
Males
Control 0-53 + o-09 1672 4 221 10622 £ 0-0026
Pyzophosphate 043 + 0'x4 964 k 2:36 1-0347 + 0-0047
o » 063 + o-12 15°32 4+ 407 1-0429 4 0-0061%
5% " 037 + o-12 x6-10 + 5'50 1-0432 4 0-00$§1*
s ,6 Orthophosphato 0-65 &+ 0-10 12'74 & 2°30 1-0488 + 0-0018°*
Conttol .0-55 4- 020 . 36-94 + 2°66 1-0502 4 00024
Pyrophospha.ee 035 + 009 35'35 & 226 1-0628 3 00026
2 032 4 o°X4 4063 + 4-36 10861 + 00018
0-39 + o-13 27:62 £ 578 1-0445 + 0-0014%*
Orthophosphste 0-38 + o015 2078 4 2-78 1-0513 4+ 0-0025°
* Significantly different from coatrol gronp P < o-05
** Significantly differeat from contol group P < a-ox
Table VII
Haemalological findings in rats fed om diets containing pyrophosphats or orthophosphate
Group Red biood cells, Haemoglobin, Lymphocytes  Granulocytes Monocytes
millions/cu.mm.  g./100 ml. Pper cu-mm. per cu.mm. per cu.mm.
Males
Contml 7-5x + oz0 131 + 017 10,968 £ 1767 2664 + 513 903 + 204
g Pyrophosphaee 7-9% 4 0-25 12-8 + 0-24 6324 & 455% 281z + S04 995 £ 97
i 775 £ 017 I2:4 & 021* 10,080 & 1720 2787 &+ 610 723 4= 226
5% 7-67 & 08 12-3 & 035  14.839 = 3413 4139 & 1328 1342 + 377
5% Oxthophospbate 8-25 + a-31 13'9 + 0:29° 8790 & 1485 2686 3 388 268 L. 96*
Females
Control 7°30 % 0-18 12-4 = 05X~ 11,204 = 1877 1875 + 288 361 1 ¢8
ﬁ sphate 7°21 4 0°x5 120 4 046 8031 4 1366 17234+ 70 242 + 96
7-00 4 0-19 129 £+ 023 11,318 + 1597 2449 = 77X 544 + 138
6-91 4 0-53 122 + 036 7384 + 563 4275 % 10 $72 & 167
5‘)., Orthophosphate 792 3 0-13* 13-2 4 0-54% 9557 = X343 220X 4 1385 6Ir 4 408
* Siguificantly differant from control group P <o-0§
Table VIII
Organ weights of rats fed om diets containing pyrophosphats or orthopkosphats
(weights are mg./100 g. live weight J- standard arvor)
Organ Control 19 0- 24% Pyro- +°  §% Pyro- $% Ortho-
8 phés;;rz:te p%zzphate phosphate phosphate
Males i
Heart 244+ 4 2554+ 6 as1 % g7 205 + 19° 256 & 7
Liver 3170 + 133 3097+ 75 3029 + 37 3452 + 234 3112 = 7
Spleen 271 & 14 23134+ 7 26t 4 286 + 15 256 4 13
Stomach 378+ 12 365 £ 1§ 388 + 12 608 4 39°%* 407 &= 124
Intestine 2229 + uz 2108 + 111 1964 +. 83 2716 + 239 1940 = 99
Adrenals 13 + x4+ 06 124+ o9 134+ o7 12+ o4
634 + 21 598 + 17 648 & 24 769 £ 34° 741 £ 15°°
Testes 96z + 42 900 + 29 908 + 42 1233+ 79° 1005+ 37
Females
Heart 278+ 4 273+ 5 295 + 10 31X+ 9° 285+ o
Liver 3146 £ 33 3045 + 8o 3048 + 129 3292 + 92 jo2r + 65
Spleen 297 & 14 304 = 24 305 + 20 334+ 120 285 += 30
Stomach 45k = 16 459 & 15 $06 + 12 731 + 63°* 486 + 23
Intestine z252x + 73 2928 4+ 149 2626 + 85 3203 + 149°° 2696 + 103
Adrenals 274+ 1§ 26+ 17 26 + 10 26 + 17 2§+ 20
Kidneys 6or = 12 629 £ 21 743 = 24** 893 + q2°° 838 + 35==

J. Sci, Food Agric.,

ngmﬁcznt!y different from control group P <o-0s
** Significantly different from control group P <o-o1

1962, Vol. 13, November
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To

The National Organic Standards Board

To Amend the National List
Of Allowed Substances

To Include Sodium Phosphates
For Use in Food and Beverage Products
Formulated with Soymilk and Dry Soymilk
Similar to or Equivalent to Dairy Products

March 21, 2001
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Carousel Foods of America, Inc.
- 535 Smith Street
Farmingdale, New York 11735
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562 DATTA et al—BIOLOGICAL EFFECTS OF FOOD ADDITIVES. II

This analysis divides the food intake into two parts : (1) the food used for each gramme of body
weight gained, and (z) the food used to maintain the body at constant weight. The results
showed that the amount of food used for unit gain in body weight and maintenance by the males
and females fed on the 5%, pyrophosphate diet was not significantly different from that used for

these purposes by the other groups.

Balance studies

The results of the analyses of food, urine and faeces, summarised in Table V., show that
sodium pyrophosphate and orthophosphate are absorbed and excreted and affect calcium
metabolism in a similar manner, The PH of urines passed by control, 1% and 239%, PP groups
were not significantly different from each other (pX 6-7), but were significantly less alkaline
than urine from the 5%, PP and 5% OP groups (mean of both = pH 7-5). There were no differ-
ences in the concentrations of sodium, potassium or ammonjum in the urine of any group.
Such similarity suggested that pyrophosphate may be hydrolysed to orthophosphate before or
during absorption in the rat gut. This was substantiated by the fact that pyrophosphate conld
never be detected in the faeces or urine of animals receiving the salt. We have found that rat
faeces are capable of hydrolysing pyrophosphate to orthophosphate.

Table V also shows that Pyraphosphate was almost completely absorbed by the gut and
excreted by the kidneys as orthophosphate. The Ca/P balance was upset by loss of weight in
2 rats of the 5%, PP group, when this and the control group were examined, but these 2 rats also
showed the almost complete absorption of pyxophosphate.

Table V

Total phosphorus ( Kate and pyrophosphate) and calcium satem, and %, phospRorus (phosphats only, no pyro-
Dhosphate J%umd) aﬁmﬂ'um excreted a; rmm)wd by rais fed on basal dict o?r on a diet mwsgu'u‘ wtjopkos%u

or pyvophosphate
X Calcium Phosphorus mg.-Ca  Body
- % cxcreted in 9, excrsted in ” f_ﬁz_m_?d mht
mg- i mg. fa mg. Y
catin facces urine ntuno% d en.tgn faeces urme ratugxed retamx' ed 8-
Control 99-9 487 06§ 513 8172 6orx 114 285 2z 33
=+ + &+ + =+ + F 3 £
13-86 o-89 0-05 092 xx-35 1-13 018 xx8 009 1-X
§% Pyro- 633 436 77 547 2366 165 825 086  4ix o5
phosphate | 7 T + * £ % + + + +
451 198 0-06 19§ 1876 o0-73 312 360 o8z o5
5% Ortho- 593 474 0-79 se-8 211°6 152 752 96 -6 4
phosphate | + =+ + + = o+ * + + +
157 °74 010 o-78 573 121 093 127 o018 o084
5% Pyro- 563 439 x-06 ] 206-6 149 742 109 29 39
phosphate + + x % + & * + +
224 257 006 2-58 829 o078 303 2-86 147 051

The figures ate the mean and standard error of $ animals from each group
Function tests
The results of the liver and kidney function tests (Table VI) show that liver function, as
estimated by the BSP clearance, was not different in experimental and control animals. Of
the kidney function tests, the phenol red test was very variable in the males. The females
of the 5% PP and 5%, OP groups excreted the dye at a slower rate than normal, but the retarda-
tion did not reach a statistically significant level
The concentration tests showed that males of the 24% PP, 5% PP and 5% OP groups
and females of the 5% PP and 5% OP groups had impaired renal function. There was no
significant increase in urine albumin or cell content in any group,
Haematology
The resuits (Table VII) show that although there were some significant differences between
certain counts, there were no significant trends towards abnormality as the concentration of
Ppyrophosphate was increased. :
J. Sci. Food Agric., 1962, Vol. 13, November
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intestine and fluid in the peritoneal cavity. Nothing abnormal was detected in rats killed after
10 days. The intestines of rats killed 1 h. after injection of sodium orthophosphate or of saline
appeared to be normal and responded to a pinprick by contracting. The intestines of rats
killed 1 h. after an injection of pyrophosphate showed areas of hyperaemia on the surface and
these parts did not respond to a pinprick, although other parts of the intestines with normal
appearance did.

Fluid from the peritoneal cavity of the rats receiving pyrophosphate contained many red,
white and epithelial cells and a considerable concentration of coagulable protein. Fluid from
control rats contained no red cells, a few white and cpithelial cells and much less coagulable
protein. Examination of the blood of rats receiving sodium pyrophosphate at the 800 mg./kg.
level showed that their serum calcium was reduced from the normal mean level of 9-4 mg.~%
(range 90~9'6) to 51 mg.-% (range 4-4-6'0). Rats receiving sodium orthophosphate at the
same dosage level had a serum calcium level of 7-4 mg.-%, (range 7-2-7-6). However, the ad-
ministration of massive doses of calciurn gluconate had no therapeutic effect on animals receiving
sodium pyrophosphate. There was marked haemoconcentration in these animals (packed cell

volume = approx. 75%, control approx. 50%).
Rats receiving sodium chloride of similar osmolarity, or sodium bicarbonate of similar

sodium ion content, to that of sodium pyrophosphate at the 1600 mg./kg. dosage level showed

no untoward effects.
Tissue respiration studies showed that concentrations of up to 0-1% of sodium orthophos-

phate or pyrophosphate did not significantly increase or decrease the respiration rate of liver
from its normal value of 2-x4 (range 1-47-3-5x) ml. of O,/mg. of dry tissue/h.

Intradermal administration of the phospbates showed that concentrations up to 4% of
sodium orthophosphate had only a slight reddening effect on the skin. Solutjons of sodium
pyropbosphate, 1%, or stronger, caused necrosis of the injected area; a 0-5%, solution had an
effect similar to that of 49, sodium orthophosphate. .

(2) Short term toxicity
Weight gain and food intake . -
The mean gain in body weight and mean cumulative food intake of rats of each group
(Table IV) show that male and female rats fed on the 59, pyrophosphate diet grew at a slower
rate and had a lower food intake than other groups.

Table IV
Msan body weight gains and food intakes of yats fed om dicts containing pyrophosphate or orthophosphate
(Mean weight gaina and standard errors are in g.)
Grounp Males . Females

Body Food . Body Food
weight intake weight intake
gamn gain
Control 210 + 20 1309 £+ 28 137 7 12184 £ 28
12/ Pyrophosphate 245 + 16 1350 + 27 229 + 6 x110 4 28
24Y% Pyrophospbate 220 £ 15 1305 + 24 120 4 7 1176 + 16
5 ‘Pytopbos_phate 187 £ 15 1213 :+ 48 XI4 + 7% 1085 + 26
$% Orthophosphate 234 + x4 x363 4 x8 x40 1 8 1168 4 23

* Significantly different from control group P < o-05

The significance of the difference between the 59, PP group males and the other groups
was obscured by the slow growth rate of the male control group. These grew at a much slower
rate than the 1%, and 23% PP and the 5% OP groups, and control animals of the same stock
used in other experiments. The growth rate of our control animals usually follows closely the
growth rate of the 19 PP group.

To determine whether the decreased food intake of male and female rats of the 5% PP
group would account completely for the decrease in their growth rate, an analysis of covariance
of food intake and gain in body weight of each group was made by the method of Crampton.1*

J. Sci. Food Agric., 1962, Vol. 13, November
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The Petition
APR 27 2001
We ask the National Organic Standards Board to amend the National List of

Allowed Substances to include sodium phosphates for use in food and beverage
products formulated with soymilk and dry soymilk similar to or equivalent to

dairy products.

The Company Submitting the Petition:
Carousel Foods of America, Inc.

Carousel Foods of America, Inc., is a manufacturer of dairy puddings, shelf-stable
cheesecakes, frozen cheesecakes, and organic soy puddings. In business since
1965, Carousel Foods distributes its products throughout the country in a wide
variety of retail, institutional, and food service outlets. Carousel Foods also
supplies private label dairy products, both traditional and organic, to major
supermarket chains and dairy distributors in the Northeast and Mid-Atlantic
regions of the U.S.

Carousel Foods is committed to the organic foods industry and the organic soy
foods industries. Quality Assurance International has inspected and certified our
plant as an organic manufacturer. In the near future, Carousel Foods intends to
introduce cultured organic soy products, including organic soy “‘yogurt-type”
foods, organic soy “yogurt-type” smoothee beverages, organic soy cheesecakes,
.and other organic soy and non-soy products. We have developed a unique
technology for processing the soy ingredients that makes our end products
particularly appealing to consumers. Sodium phosphates play an important role in
this technology. Carousel Foods is also in the early stages of working with a
number of other companies in the organic soy business with the intent to
introduce a wide range of products based on ingredients created with this
technology. These products may reach into almost every segment of the food
industry. As the national and international demand for soy products continues to
grow, we expect our organic soy products to form a significant portion of our total

future business.
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Calculation
Total pyrophosphate in sample (as P) =

+ Dy — Dy X 0g)/0, 100 500 _D,~—(D‘X0g)/0;X2 g
P, —P,  (OX XM= —p, P, 5 g

where D, and D, = 0.D. of test solution after 7 min, and 3 h. respectively
O, and O, ~ OD. of orthophosphate standard after 7 min. and 3 h. respectively
P, and P; = O.D. of pyrophosphate standard after 7 min, and 3 h. respectively

Function tests . '

(a) Liver function.—The bromosulphalein (BSP) clearance test was performed on § male
and 5 female rats of each group after 110 days. Each rat received 25 mg./kg. body weight
of BSP in saline solution by intravenous injection. The dye remaining in the blood after
20 min. was determined colorimetrically (Ahmad & Frazer?).

() Kidney function.—~The phenol red excretion test and the concentration test were carried
out as described by Sharratt.? In the former the percentage of dye excreted in the urine
after an intramuscular injection of the dye was determined, and in the latter the specific gravity
of urine passed by the animals between 8 and 24 h. after deprivation of water was measured.
The albumin and cellular contents of this urine were examined.

Haematology
The usual methods were employed to determine the red cell, white cell and haemoglobin
contents of venous blood of 5 male and 5 female rats of each group at the end of the experiment.

Organ weight
The animals Living in individual cages were killed by exsanguination under ether anaesthesia.
Various organs were removed from the rats, trimmed of fat and adherent tissues and weighed
immediately. Organ weights were expressed as mg. of organ/100 g. body weight.

Autopsy
During the determination of organ weights, the organs were examined macroscopically for
Pathological abnormalities. Autopsies were also carried out on the rats kept 5 to a cage at
the end of the experiment. '

Histology . , '
The organs were fixed in formol saline, embedded in paraffin and stained with haematoxylin
and eosin.

Resules
(x) Acute toxicity

The median lethal intraperitoneal dose {LDyg,) of pyrophosphate, calculated by the method
of Weil'* from the figures marked with an asterisk in Table ITI, was 233 mg./kg. body weight,
with 959% confidence that the true value lay between 1gz and 282 mg./kg. body weight.

Rats receiving sodium pyrophosphate intraperitoneally at the highest levels became
gradually weaker and insensitive to pain and died within 2 h. They did not lose consciousness
or the corneal reflax before death. The breathing of many became shallower and slower and
some had slow gasping respiration.

Rats receiving lower doses behaved similarly. One of the group receiving 398 mg./kg.
body weight died within 2 h. and the rest of the group between 2z and 16 b. Al animals that
died did so within 16 h.

No effects were seen in the rats receiving doses of 25 and 40 mg./kg., but those receiving
63 mg./kg. became weaker and more reluctant to move than those on the lower doses. Rats
Teceiving 100 mg./kg. were markedly weaker and several showed a gasping type of respiration.

Rats dying within 2 h. showed, post-mortem, slight redness of the serous surface of the small

J. Sci. Food Agric., 1962, Vol. 13, November
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The Substances: - Recelived by OMBH
Sodium Phosphates (Sodium Salts of Phosphoric Acid) APR 27 2001

Sodium phosphates are the substances that we wish to have added to the list as
allowed for use in soy food and beverage products formulated with soymilk and
dry soymilk similar to or equivalent to the use in dairy products. We have
attached a defittition of the sodium phosphates from the Dictionary of Food
Ingredients, Second Edition, and Published by Van Nostrand Reinhold, © 1989.
See Appendix 1.

The basis for our petition is four-fold:

Sodium Phosphates are currently allowed for use but restricted only to dairy foods.
Thus, as substances, they have met the various criteria established by the NOSB,

including safety, versatility, proportionality, and general acceptance. Sodium

phosphates are widely accepted ingredients in the food industry. See Appendix 2.

Our lengthy research and development has determined that the sodium phosphates
provide essential and incomparable functionality in our organic soy products. It
appears that producers of non-organic soymilk and soymilk products currently use

phosphates of one form or another in their formulations.

Without the use of sodium phosphates in producing our soy food and beverage
products similar to dairy products, we would not be able to create products acceptable
to consumers. Thus, other producers, the consumers, and we would be foreclosed

from the health and business benefits received from these products. The allowance of
sodium phosphates in soymilk and dry soymilk products would permit parity between
organic soymilk and dry soymilk manufacturers with dairy manufacturers. With |
sodium phosphates, soy producers could create and market dairy-like products with

the same high functional and performance standards of dairy products. Thus, the

consumer demand for soy’s benefits offered in dairy-like products would be satisfied.
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was determined by the Warburg technique in the presence of sodium pyrophosphate and sodium
orthophosphate (pH adjusted to 7:4) up to a final concentration of 0x% of the salts.

The action of pyrophosphate solution on the intestine and on skin was observed. Two
rats injected with the 2% solution of sodinm pyrophosphate at the 400 mg./kg. dosage level, |
two with sodium orthophosphate at the same level and two with normal saline, were killed and
examined 1 h. after the injection. A series of concentrations of sodium pyrophosphate and
orthophosphate (all adjusted to pH 7-4) ranging from 0'5% to 4-0% was injected intradermally
into the shaved backs of rats. ’

Short term toxicity
(x) Pilot experiment ‘

Three groups of 10 rats were given diets containing (4) x0% sodium pyrophosphate, () 5%
sodium pyrophosphate and (¢) no sodium pyrophosphate. The basal diet was a flour/dried
milk mixture similar to that described in Table I. The growth rate and food intake of each

" group were measured daily. It was found that in 2 weeks, the rats with the diet containing

To% sodium pyrophosphate lost weight and 5 died. Their food intake was lower than that for
the control group. The rats given 5% sodium pyrophosphate in their diet ate less than the
control apimals and grew at a slower rate, but appeared normal in all other ways. It was
decided to feed a maximum of §% of the salt in the diet in the longer-term feeding test, since the

10% level was not tolerated.

(2) General plan of main experiment

Five groups of rats, each group consisting of zo male and 20 female animals weighing
between 9o and 115 g., were used. Ten males and ten female animals of each group were caged
individually and the remainder were kept five to a cage. All animals were housed in 2 room
at 72° 4 2°F under similar conditions of relative humidity and light availability. AN were
allowed drinking water ad libitum.

In this text, the diets will be referred to as control, x%, 2}% and 5% pyrophosphate and
5% orthophosphate diets, and the animal groups will be referred to as C, 1% PP, 23% PP, and
5% PP and 5% OP groups respectively.

The weekly weight gain and food intake were determined to the nearest g. for xoo days
on each-rat caged individually. ‘

After 3 weeks on the diet the food consumption was determined and the faeces and urine
collected from 5 male animals each of the C group and of the 5% PP group during a 6-day period.
A similar collection was carried out after 8 weeks on 5 male animals each of the 59, PP and
the 5% OP groups during a 3-day period. Food, urine and faeces were analysed for calcium by
the flame photometric' method, for phasphorus by the molybdate colorimetric method and for
pyrophosphate by the method deseribed below. .

Determination of pyrophosphate in faecal matier and urine

Principle.—The method was based on the observation of Flynn ¢ al® that pyrophosphate

does not normally give any colour with the molybdate reagent of Fiske & Subbarow, but develops

& blue colour when cysteine is added. _

Technigue.—Total faecal matter was homogenised and made up to 500 mL. Ten ml. of
this homogenate were mixed with Yo ml. of perchloric acid (30%), diluted to 100 ml and filtered.
Two ml. of this filtrate were taken in a 25-ml. volumetric flask and diluted to about 20 ml.
There were then added 2-0 ml. of molybdate reagent, 1 ml. of cysteine sclution and finally
r ml. of aminonaphtholsulphonic acid (A.N.S.) reagent. (The molybdate reagent, cysteine
solution and A.N.S. reagent were prepared as described by Flynn ¢f al.%) The volume was made
up to 25 ml. and the optical density (0.D.) of the blue solution measured at 660 my. after 7 min.

Two standards were set up as follows : (i) 2 ml. of orthophosphate solution, containing
20 ug. of P; {ii) 2 ml. of pyrophosphate solution, containing I0 ug. of P, and treated exactly
in the same manner. Two ml. of water with all the reagents added as above were taken asa
blank. After exactly 3 h. the optical densities at 660 my. of ail the test and standard solutions

were again measured.
J. Sci. Food Agric., 1962, Vol. 13, November
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We believe that one of the reasons sodium phosphate usage is restricted on the
National List to dairy products is simply that no company or individual has presented
the case or applied for the allowance for soymilk or dry soymilk products. Thus, we
are applying on behalf of consumers, our own company, and other food and beverage

manufacturers.

Received by OMRI
APR 27 2001

Necessary Information for Inclusion in the Petition

1. Substance common name:

Sodium Phosphates. These include Disodium Phosphate, Disodium Phosphate
Dihydrate, Disodium Phosphate Duohydrate, Monosodium Phosphate, Trisodium
Phosphate, Sodium Hexametaphosphate, and others. The naming of phosphates
can be confusing since there are many names for each compound. Monosodium

phosphate, for example, has over twenty-five alternate names.

2. The manufacturer’s name:

Astaris LLC, P.O. Box 411160, 622 Emerson Road, St. Louis, MO 63131. This is
the supplier used by Carousel Foods. Other suppliers of food grade phosphates
include ADM Arkady, Pacific Grain Products, Solutioa, Watson Foods, Dirigo
Spice, Penta Mfg., J. Stewart & co., Vivion, Westco Chemicals are name a few

among several dozen U.S. suppliers.

3. The intended use:

The intended use is as a nonagricultural ingredient in processing soy food and

beverage products.
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AMMONIA LOSS FROM AMMONIACAL FERTILISERS
APPLIED TO CALCAREOUS SOILS

By S. LARSEN and D. GUNARY

Ammonia volatilised from ammonium salts appled to calcareous soils was Lmtcst
from ammonium sulphate {AS), about half as much from mono- and di-ammonium phos-
phates (MAP and DAP) and ammonium pitrate (AN), and negligible from magnesium
L ammonium phosphate. .

- 1 Losses of ammonia in 8 @ays trom ammoninm saits applied to an initially acid, sandy
soil treated with calcium, barium or ium carbonates, ware : soil traated with CaCO,,

AS» DAP = AN; with BaCO, AN 3 AS — DAP; with MgCO, AS > AN > DAP.
: Reasons for these findings are discussed. It is evident that factors other than pH
8re opersting. ' :
4 Introduction
y Since the use of chemical fertilisers began more than 100 years ago, it has been recognised
R thatnitrogencanbelostasgaseousammoniawhenanammoniaajfertﬂis«isappliedtocal-

careous soil. Recent studies, e.g., by Steenbjerg! and Jensen & Kjaer,* have confirmed this.
Steenbjerg presumed that experimental results obtained with ammonium sulphate were also
applicable to other ammonia salts. van Schreven,® however, found that the rate of loss of
ammonia by volatilisation from ammonium salts applied to calcareous soils was dependent
on the anion present in the salt. Loss from ammonium sulphate was found to be more rapid
than from ammonium nitrate and this was confirmed by Nommik & Warlin.® As the loss of
ammonia depends on the equilibrium NH,* = NH, + H¥, van Schreven? considered that the
difference in the rates of loss of ammonia was due to the effect on the hydrogen concentration
of the different solubilities of the calcium sulphate and calcium nitrate, formed by reaction of
the respective ammonium salts with calcium carbonate. According to his hypothesis the range
of ammonia lost by velatilisation should be: DAP > AS > AN. .

In order to investigate this hypothesis a series of laboratory experiments was conducted
with ammonium sulphate, ammonium nitrate and ammonium phosphates. In some of the
experiments the ammonium salt was placed on the surface of the soil and in others it was mixed
with the soil. Although the methods of placement might influence the absolute ammonia
volatilisation, this was considered to be of no significance as only the comparative volatilisation
of ammonia is considered. ’ :

J. Sci, Food Agric., 1962, Vol. 13, November
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4. The substance’s mode of action in food processing: Received by OMRI
APR 27 2001

Phosphates play a variety of roles in pharmaceutical and nutritional products.

They act as sequestrants, emulsifiers, buffers, protein coagulants, solubility
enhancers, stabilizers, and texture enhancers. This well-established food
ingredient furnishes a means to control many product appearance and flavor
problems. Baked products leavened with phosphates attain excellent texture,
color, volume, and lightness. In process cheese products, sodium phosphates
provide meltability and mouthfeel. With them, processed meat becomes juicier

and tenderer.

Soy products, based on extracts of soybeans, usually do not attain shelf-stability
without additives. The addition of sodium phosphates increases the shelf life of
soy products. Similarly, fermented soy products, upon cooling and reheating, tend
to coagulate. Sodium phosphates, either alone or in association with citrates,
prevent soy protein from such precipitation and, thus, they create homogeneous

and acceptable end products.

5. Source of the substance:

It is a salt derived from phosphoric acid. In Monsanto Publication No. 9181, the
following description occurs under the heading Phosphate Processes:
“Phosphates, both simple orthophosphates and complex condensed
polyphosphates, are made by neutralizing phosphoric acid with appropriate
alkaline materials (sodium, potassium, ammonium or calcium salts). Using
appropriate ratios of cation to phosphate and varying drying and calcinihg
procedures affords the different phosphate products that we offer.... Monsanto
makes phosphoric acid, the precursor to the phosphate salts by burning elemental

phosphorus and scrubbing the product with water ....”
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less effect when administered parenterally. The site and mechanism of this conversion is being
further investigated ; it is generally thought that it occurs in the gastrointestinal tract during
absorption. Whether the effects observed on cells may have some significance in patients who
have had a gastrectomy may be worthy of further study.

When pyrophosphate was fedata level of 21% or 5% of the diet, certaineffects were observed.
At the highest level there was some interference with weight gain.  Although this could be
accounted for by reduction in food intake, it should, perhaps, be regarded as an indication
of a toxic effect. This matter is being further studied, although in this particular investigation
the point was not of major importance since other well-defined effects were also present.

Pyrophosphate administration at a level of 5% of the diet caused a significant increase in .
the relative weight of the small intestine which was not observed when a similar concentration
of orthophosphate was fed. This may be related to the metabolic handling of the pyrophos-
pbate ; however, the effect was also observed in the ‘stomach, which suggested a slight irritant
effect at this level of administration.
. The kidney weight was siguificantly increased and renal function impaired in the groups

receiving 23% and 59%, of pyrophosphate and in the group having 5%, of orthophosphate, but

no difference from the controls was observed in the 1% pyrophosphate group. However,

of 1% or more in the diet or of orthophosphate at a 59, level resulted in demonstrable changes
in the kidneys which showed reduced functional efficiency and increased relative weight. In
these studies lower levels of orthophosphate were not fed, but this has been done by others.4.3

The clearance level for pyrophosphate on this basis, so far as the rat is concerned and
assuming the usually accepted margin of safety of 100X, would be 0-0r%, in the diet, which
for an adult rat corresponds to 6 mg./kg. body weight/day.

There is always some doubt about the validity of transferring information obtained from
animals to human subjects and this may be important here, since the rat kidney has exceptional
powers of concentration and may be more susceptible to damage from Phosphate than kidney
from other species. It may also be questioned whether the safety margin of 100X is not un-
necessarily low for normal body constituents, such as phosphate. However, if the transferenca
is made, it is apparent that the human daily intake cleared on the basis of these rat studies
and a margin of safety of 200X is in the region of 420 mg./day for an adult man of 70 kg. body
weight.  This is close to the average daily intake of pyrophosphate calculated earlier jn this
paper. Since pyrophosphate appears to be converted to orthophosphate, it would seem advis-
able to consider the total phosphate load, which must be considerably greater than the calculated
figure for pyrophosphate used as a food additive.

Although there is no indication that present dietary phosphate loads are excessive, these
studies suggest that some further mvestigation of this problem is desirable. In particular,
further information is needed on the mechanism and site of conversion of pyrophosphate to
orthophosphate, on the toxicological significance of the observed renal changes, on the mechanism
by which they are brought about and the extent to which the rat may be particularly susceptible
to such changes. From these further investigations, it should be possible to make some assess.
ment of the acceptable limits of phosphate intake for man.
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Received by OMR:
6. A summary of available reviews by State or private certification programs:
APR 27 2001
See attachment: Organic Materials Review Institute Processing and Handling
Materials — February 1999, page 39: Sodium Phosphates, Status A, OMRI Class
NOJI, Use as an ingredient restricted to dairy foods. See Appendix 2.

7. Information regarding EPA, FDA, and State regulatory authority registrations:

Please see the attached GRAS listing, and refer to page 34.“Regulatory

Information” of the attached Astaris Phosphates product manual. See Appendix 3.

8. The CAS number or labels of products that contain this substance:

Please see attached Carousel Chocolate Cheesecake and Strawberry Cheesecake
labels and product sheets from Kraft and other companies that indicate the use of

sodium phosphates in their products. See Appendix 4.

9. The substances physical properties and chemical mode of action, etc.:

The phosphates are salts of phosphoric acid. Various phosphate salts are produced
and each phosphate, depending on the structures, the inter-linkages and amounts
of sodium molecules, varies in its functionality. They act as sequestrants,

emulsifiers, buffers, and texturizers.

Phosphates influence the properties of dairy products through three basic
mechanisms: (1) calcium complexing, (2) pH modification, and (3) direct
interaction with casein, the principal protein of milk. A particular phosphate
might perform all three functions, interacting with the dairy formulation and with
other phosphate additives. It is suspected that phosphates perform similar
functions in soymilk products. Please see attached copies of two product manuals
from FMC Corporation entitled Phosphates Help Make Dairy Products Better and
Food Phosphates for expanded discussions of functions, applications, pH’s, and

other pertinent information. See Appendix 5.
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Table II
Pyyophosphate comlent of foods and possibls daily human intaks
Foodstuff Max. % conicn. of  Foodstuff  Consumption of
pyrophosphate® intake, Pyrophosphate,
g/ day? mg./day
Processed cheese 30 15 43
Cured meats 05 49 25
Sausage os . zz-z 7x
Ice cream 00§ 2B* x4
Flour (self-raising) 045 28-8 130
, scones, etc. o025 234 58
Instant pudding 20 4:0° 8o

Total 433 mg.

* From Publ. 398, Nat. Res. Coun., Wash., 1956
:g«:m Domestic Food Consumption and Expeaditure, 1957 (London: H.M.S.0.)
imated

The concentration needed in the diet to supply this dosage level to rats has been calculated,
assurning that the mean body weight of animals is 250 g. and that they eat 15 g. of food each
day. A 250 g. rat must consume 1-508 mg. to receive a dose equivalent to D on a mg./kg.
body weight basis. This in 15 g. of diet = 100 mg./kg. diet, approximately. Hence a diet
containing 10 g./kg. would supply rats with the equivalent of approx. 100 x D. It is
emphasised that this is an approximate figure only. An independent estimate set the mean
intake in England to be 300 mg. per person, but the figure must vary considerably from person
to person.

Acute toxicity
The acute effects of parenteral administration were examined in order to determine whether
the biological activity of pyrophosphate was altered by passage through the wall of the gastro-
intestinal tract. This might be important in those suffering from gastrointestinal lesions, in
whom the salt could be absorbed directly into the blood without passing through the gastro-

intestinal barrier.

Table IIX An aqueous solution of sodium pyrophosphate was :dminis-
, tered by intraperitoneal injection to male rats weighing between
m’;’:ﬁ;ﬁ ,-l;"}f},"{ x70 and 210 ;&:t the dosage levels shown in Table ITI. The
determination * solution was made by dissolving 10 g. of sodium pyrophosphate
Dose, Number Number in 400 ml. of distilled water, adjusting the pH to 7-2 with hydro-
mg./kg. of dying chioric acid, and making up the volume to 500 ml. with water.

wight B The animals were observed for 10 days: all wese autopsied.
1000 6 6 A 3% aqueous solution of sodium pyrophosphate was ad-
631 6 6 ministered orally to 1o rats at the 1600 mg./kg. dosage level.
2?5, : f They were killed after 10 days and auntopsied.
159* 6 o - The possibilities that death following parenteral administra-
‘g°' 6 ° tion was caused by hypocalcacmia, the osmotic effect of the
- : : solution, alkalosis, or by an effect on respiratory enzymes were
25 2 o exaouined.
* Used for calculation of Sodium pyrophosphate was administered to 4 rats at the
median lethal dose (LD,,) 800 mg./kg. level and serum calciam and packed cell volume

determinations were made after 1 h.

Sodinm chloride, in solution of similar osmolsrity to sodium pyrophosphate at the 1600
mg./kg. dosage level, was administered by intraperitoneal injection to 4 rats.

Sodium bicarbonate (2020 mg./kg), a dose containing the same number of sodium ions
as sodium pyrophosphate at the 1600 mg./kg. dosage level, was injected intraperitoneally into
4 rats, ’

The respiration rate of rat liver slices and rat liver homogenate in isotonic sucrose solution

J. Sci. Food Agric., 1962, Vol. 13, November
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Physically, in a reaction, they soften the protein in most food formulations. The; |

‘also help to withstand heat and acidic materials, thus providing buffering and

emulsification. Received by OMRI!

At their low regulated usage levels, and after reacting with water an@&%tgh?, 2001
sodium phosphates do not create any toxicological, environmental, or health

issues for humans, soil organisms, crops, or livestock through the product.

10. Safety information about the substance:

11.

This is a GRAS item. See the attached GRAS list and the attached Material Safety

Data Sheets from several companies. See Appendix 3 and Appendix 6.

Research Information about the substance:

Please see the attached abstracts of articles, patents, and studies that were culled
from a wide variety of literature in order to indicate the uses of sodium
phosphates, particularly disodium phosphate and hexametaphosphate. See
Appendix 7. Please note the list of particularly relevant abastracts included at the
beginning of the section. You may wish to refer to several of the articles as they
pertain to the use of sodium phosphate or sodium metahexaphosphate in soymilk

or okara (soy lees) products.

The use of phosphates is always considered an essential part of a food formula
whenever the food formulation contains protein that is subjected to heat or an
acidic environment. In these cases, the phosphates provide buffering action as

well as emulsifying and texturizing the product.
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is increasing.! The pure acid is used extensively, instead of citric or tartaric acid, in a certain
type of soft drink? and the salts are used as sequestexing agents, emulsifiers, texturisers and
buffers jn a wide range of food products.? * :

* It has long been known that orthophosphates may cause renal damage when fed to rats.4
Van Genderen and co-workers® observed that both orthophosphates and a mixture of long-chain
polyphosphates and pyrophosphates caused a deposition of calcinm phosphate in rat kidneys
without indication of tissue damage, when present at a 059 level in their diet {equivalent to
03 g./kg. body weight/day). With diets containing 1%, of either preparation (06 g./kg./day),
formation of concretions was more pronounced, with evidence of tissue damage. HodgeS$
reported that in short-term toxicity tests on rats, condensed phosphates caused kidney damage
when included at 29 level in the diet (1-2 g./kg./day). No significant abnormalities were seen
in the kidneys of rats receiving a diet containing only 0-2% (0-12 g./kg./day). Dogs fed on the
phosphates showed no deleterious effect at the o-x 8-/kg. body weight/day level, but damage
was obvious at the 4 g./kg./day level. .

In view of the present-day use of pyxophosphates in baking powder, liquid foods, chocolate
drink powders, soup thickeners, instant puddings, ice cream, meat and cheese and also of the
effects of the sodium salt when administered parenterally to mice, rabbits and dogs,” further
examination of the acute effects of parenteral administration and the acute and longex-term
effects of oral administration of sodium pyrophosphate seemed desirable. This paper describes
such an investigation. For administrative reasons outside our control it was not possible in
these studies to carxy out life-span tests; however, sinte pyrophosphate is a normal body
constituent, life-span studies at low doses may be less important than the acute and medium-
term effects of relatively high dosage levels.

Experimental

Materials
Sedsum pyrophosphate.—Supplied by Messts. Albright & Wilson, as Tetron K, analysing

as 97:5% sodium pyrophosphate and 2-5% orthophosphate. :
Disodium_hydrogen phosphate.—Grade used in food manufacture, supplied by Messrs.

Albright & Wilson ; containing 39-5-40-0% P,0,. )
Diets —The composition of the five diets is shown in Table I. They were prepared in 3 kg.

batches, as required, and stored in covered tins in a cool room.
Table I

Composition and analysis of diets
) (weight of constituent in g. of diet)

[y

Constituent Control 19 2}9% Pyro- 5% 5% Ortho-
" ph'{’osphamio phosphate phgsgl{:t); pZosphate
Whole wheat flour 660-0 660-0 6430 6150 6x5°0
Full cream dried milk 3300 330-0 3300 3300 3300
Salt mix 100 —~ —_ —_ —_
Casein - —_ — 20 50 50
Sodinm phate — 100 25-0 $0-0 —_—
Disodinm hydrogen phosphate dihydrate — — — —_— 62:7
- Totsl 1000-0 1000-0 1000:0 10000 x012-7
Calozific value, cal./100 g. (calculated) 397 397 398 399 394
Protein content, g./100 g. diet (calc.) 17+2 17-2 19-2 17°X x7-1
Calcium, mg./100 g. dict (determined) 644 - —_ 448 440
Phosphorus, mg./700 g. dict (determined) 526 — —_ 1650 1598

Animals.—The rats used were from our own breeding stock of Birmingham-Wistar strain.

Dosage and relationship to level of use

The possible daily consumption of sodium pyrophosphate by a 70-kg. man has been calcu-
lated from the values in Table II as 423 mg./day (6-03 mg./kg./day). This is the standard
daily dietary dose D for man. ‘

J. Sci. Food Agric., 1962, Vol. 13, November
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These phosphates, derived from phosphoric acid, may be comprised of aluminun;:' '
calcium, potassium, or sodium salts. Each phosphate has its own merits, and
depending upon the formulation, the formulator may decide to use one or another.
The FDA has determined that they are safe and it has regulated phosphate usage
levels in food products. Many products on the market contain these various
phosphates. Some of the products that are offered to consumers are labeled foods
and some are not. If they are labeled products, many times the formulator may
decide not to declare the phosphates since, in these cases, they are considered to

be processing aids.

Received by OMRI

Hence, there is no adverse position towards phosphates in general or,in  APR 27 2001
particular, towards sodium phosphates usage in soy. In fact, many food
formulations, due to the additional functionality provided by the phosphates,

make commercially acceptable products with possibly extended shelf lives.

Petition Justification Statement:

The FDA has confirmed that the consumption of soy products, as part of a healthy
diet, can provide significant health benefits to consumers, especially for
cardiovascular health. In fact, soy products with certain nutritional contents may
make specific heart-healthy claims on their labels. While U.S. medical researchers
continue to explore a wide variety of other health benefits that soy may provide,
soy’s association with other preventative and treatment benefits for certain
cancers, bone and skin diseases, lactose intolerance, menopausal symptom relief,
and other human health issues has caused an explosion of demand among

consumers for new soy food and beverage products.
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in farmyard manure or fertilisers ; x ton/acre supplies 270 Ib. of Mg/acre. Information on the
availability to crops of Mg in this form is limited ; Wolton* reported that over a short period
it was less efficient than equivalent rates of Mg as sulphate in raising the Mg content of herbage.
This may be because of lower solubility or because of the antagonistic effect of Ca. In ope experxi-
ment on potatoes, each of these sources supplying 27 1b. of Mg/acre gave the same increases in
yield. At the high rates of magnesian limestone normally applied, however, it is probable
that even with slower availability sufficient Mg would be supplied to the following crop.
Mg deficiency, serious enough to be economically important, seems therefore to be restricted
to soils “Jow * or ‘ very low ’ in exchangeable Mg, even among light soils these are not common.
Even on deficient soils the deficiency is often corrected i practice by farmyard manure or fer-
tilisers containing Mg. Serious deficiency can be overcome by liming with magnesian limestone
instead of liming materials containing little or no Mg. Where this is too expensive because of
high transport costs, or where liming is not needed, 30-40 Ib. of Mg/acre can be supplied as the
sulphate (either kieserite or Epsom salts) or as calcined magpesite, given every 3 years or so.
While there is inadequate information an the necessary rate of frequency of application of Mg, it
seems advisable to apply it in relatively small and frequent applications because of the risk of

loss by leaching.

References ,
1 Russe!l, (Sir) E. J., & Gamer, H. V., Emp. J. exp. * Wolton, K. M., Proc, 8tk ini. Grassiand Congr.
. 1041, 9, 217 (Reading), 2961, p. 544

gric

3Holmes, M. R. J., J. agric. Sci., 1962, 58, 281 ) .

3 W;gsh, T., & O'Donohoe, T. F., J. agvic. Sci.. 1945, ° Hn;nngway, R.G., Emp. . exp. Agric., 1961, 29,
Y 254 T

BIOLOGICAL EFFECTS OF FOOD ADDITIVES.
II.*—Sodium Pyrophosphate

By P. X. DATTA,f A. C. FRAZER, M. SHARRATT and H. G. SAMMONS

The acute effects cf oral and parenteral sodium pyrophosphate on rats bave been
examined, with determination of the intraperitoneal LD;, and the cause of death.

Sodium pyrophosphate was included for 16 weeks at 1%, 24% and 5% levels and sodinm
orthophosphate at a 5% level in the diet of rats. The effects were assessed by examining
gain in body weight, food intake, renal and hepatic {function, blood cell counts, organ weights
and gross pathology and micropathology. Calcinm and phosphorus balance studies were
carried out on some groups, Faeces and urine have been analysed for content of pyro-
phosphate.

The- intraperitoneal LD,, of sodium pyrophasphate was 233 mg./kg., Whereas the oral
LD,, was probably greater than 4 g./kg. The cause of death was not established.

The low oral acute toxicity, the balanca studies and the analyses of faeces and urine all
suggest that pyrophosphate is converted to orthophosphate in the body. The sita of such
a reaction is being further studied.

The longer term studies indicate that a x% level of pyrophosphate in the diet of rats
caused renal damage. The relevance of the finding to the ingestion of phosphate by man
is discussed. Further studies are desirable on the metabolism of pyrophosphate and on the

asseasment of a gafe phosphate intake for man.

Introduction
At the present time the use of phosphoric acid and its simple and condensed salts in food

*Part 1. J. Sci. Fd Agric., 1962, 13, 32
f André Meyer FAO Research Fellow. Present address: India Iostitute of Hygiene & Public Health,

Calcatta 12, India .
J. Sci. Food Agric., 1962, Vol. 13, November

o
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Yet. no matter what health benefits a food may offer, consumers insist that food

‘products taste as good and perform as well in the diet as traditional foods. Sodium

phosphates allow soy producers to create and market soy foods and beverages that

meet consumer requirements for quality, taste, texture, and other standards. Since

sodium phosphates have long been used in the dairy industry to improve

ingredient func{ionality and product performance, it is our position that the use of

sodium phosphates in soymilk and dry soymilk products would bring parity to

organic soy producers and organic dairy product producers.

Without the ability to use sodium phosphates in soymilk and dry soymilk
products, not only can soy producers not compete with dairy producers, the future
business of Carousel Foods and other manufacturers would be seriously curtailed,
and a great loss would be caused by lost research and development efforts.
Without the use of sodium phosphates, other companies and we would incur large
new expenses for further lengthy research and development required to formulate

new soymilk and dry soymilk products similar to or equivalent to dairy products.

Thus, we urge you to add sodium phosphates to the National List, particularly for
use in food and beverage products formulated with soymilk and dry soymilk

similar to or equivalent to dairy products.

Received by OMRI
APR 27 2001
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TABLE 2. BIOLOGICALLY ACTIVE METAL CHELATES

Metal ’ Metalloenzyme

Other Biological Functions

Mg ’ Polynucleotide phosphorylase, ATPase,
: choline acylase, deoxyribonuclease,

Chlorophyli

acetate kinase, adenosine phosphokinase,
fructokinase, glyceric kinase, hexokinase

e o-Amylase, aldehyde dehydrogenase, lipase

cytochromes
Aspartase, acetylornithinase

drogenase, acylase’

% Mo Nitrate reductase, xanthine oxidase

Laccase, phenolase, tyrosinase, uricase

Carbonic anhydrase, carboxypeptidase,
alcohol dehydrogenase, glutamic dehy-

Green algae, blood of marine
worm (ascidian)

Glucose tolerance factor

Arginase, carnosinase, prolinase, eno-
lase, isocitricdehydrogenase, 3-phospho-
glycerate kinase, glucose-1-P kinase
Aconitase, formic hydrogenylase, phenyl-
alanine hydroxylase, peroxidase, catalase,

Hemoglobin, ferritin, hemo-
siderin, siderophilin

Vitamin Bjy
Ceruloplasmin, cytochrome

gound called struvite, which appears to the user to be
ieces of glass. Although not harmful, these substances are
he cause for rejection. Struvite formation is effectively pre-
vented by the addition of a small amount of pyrophosphate
o the canned fish.

EDTA. Ethylenediaminetetracetic acid (EDTA) is an

-}, USP salts are called edetates (calcium disodium, disodium
. tdatates); others are usually abbreviated to EDTA (tetra-

sodium, trisodium EDTA, etc.). Other salts, known chiefly
under trademarked names, are the sodium ferric, dihydrogen
ferrous, and a range of disodium salts with magnesium,
dwalent cobalt, manganese, copper, zinc, and nickel. The
formulas of two commonly used EDTA compounds used
in the food field are shown below (See also Appendix Table

e

NaOOCCH2 CH2COON]

CH/ ~ /N\A 2H,0

cnz/ N<cu 2H,0

HOOC

(Disodium EDTA)

Many of the foregoing listed sequestering agents are mul-
tifunctional in terms of their role as food chemical additive.

References
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Calvin, M., and A. E. Martell: “Chelation and Metal Chelate Com-
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Nostrand Reinhold, New York (1967).

deMan, J. M., and P. Melnchyn, Editors: ‘Phosphates in Food Pro-
cessing,” Avi, Westport, Connecticut (1971).

Meyer, L. H.: *“Food Chemistry,” Avi, Westport, Connecticut
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Ser. Abbreviation for Serine. See also Amino Acid.
SERENDIPITY BERRY. Sweeteners.

SERINE. Amino Acid; Amino Acid Metabolism; Nutrients
and Dietary Supplements;Phospholipids; Appendix Table 1.

SERRANO PEPPER. Pepper (Solanaceae).

SESAME SEED AND OIL. The sesame plant, Sesamum
spp., has been cultivated since antiquity. Reference to the
plant is made in very early Egyptian and Assyrian records.
The species currently grown commercially is Sesamum
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TABLE 1. METALION AND METAL CHELATE CATALYSIS OF CHEMICAL REACTIONS
Solvolysis and Other Reactions Involving Acid Catalysis ' -
by the Metat fon Met
. ( -
Reaction Type Substrate Catalyst Mg
Solvolysis Amino acid esters, peptides, and amides : cu??, Co?*, Mn**
: Phosphate esters La%, cu?, vo?
Fluorophosphates cu?, UO%* dia- Ca
mine-Cu(II) complexes v
Polyphosphates Ca?*, Mg*"
Schiff bases cu®, Ni? S
Transamination Schiff bases of pyridoxal and ocamino acids Fe3*, cu?', AI¥, Mn
Zn®*, Ni¥*, Co™
Decarboxylation o-Keto polycarboxylic acids cu®t, 7n? Ni**, Co?t 1
(.., oxalacetic and oxalsuccinic acids) Mn?*, Fe?* ' Fe
Acylation Acetylacetone Co(11D), Rh(1II) or
' Cr(111) chelates of
acetylacetone Co
Cu
Catalysis of Oxidation Reactions by Electron Exchange In
with Metal lons or Metal Complexes
Reaction Substrate . Metal Ion or Complex Mo
Oxidation by Ascorbic acid, catechols, quinoline, Fe(liD), Fe(lI-EDTA, -
molecular Oy salacylic acid Cu(ID), Cu(ID)-EDTA, pot
vav) pie
Oxidation by Phenol, anisole ' Fe(ll) (Fenton’s reagent), the
H,0: _ Fe(I)-hydroquinone ver
Fe(ll)-EDTA-ascorbic to
acid
Formation of Hydrogen peroxide Fe>*, Fe(lll)-phthalo- org
oxygen cyanine chelate ava
Thioglycolic acid : Fe*, cu® us

Formation of
disulfides from
mercaptides v .

bonium ion structure in which the Fe2t jon is always bound Phosphates. These substances have the ability to com-
to the same donor atoms, while the jnterconversion of the bine with metal ions, such as calcium, magnesium, iron, an

substrate occurs through the migration of only protons and copper and so render the metals nonactive. Calcium and
' : magnesium are primarily responsible for the hardness ©

electrons. _ »

Some of the moré jmportant biological reactions that water. The addition of tripolyphosphate of hexametapho®

are catalyzed by metal ions are summarized in Table 2. phate . will bind these elements and produce soft watesfl-d;“
¢ skins

The most commonly used sequestrants in the food field 2 similar manner, sequestration is used to soften th
are listed and described briefly in Appendix Table 1 and of fruits and yegetables for faster cooking, and to ianf”'

' the extraction and recovery of pectrin in fruit.
pectinates, which are insoluble, are converted into sod!

Potassium phosphate, di- pectinates which are soluble and readily extracted. s ot ;
trants

include:

Calcium acetate

Calcium chloride © and monobasic Pyrophosphates are especially effective seques
Calcium citrate Sodium acid pyrophosphate iron which catalyzes oxidative darkening of fruits an €8
Calcium disodium EDTA Sodium citrate tables. Potatoes, in particular, turn dark after cooking ¥ $
Calcium gluconate Sodium diacetate the iron in the potato is sequestered. Iron of copper 8¢ ‘
Calcium phosphate, mono- Sodium gluconate responsible for catalyzing oxidative rancidity i “"1;
basic Sodinm metaphosphate poultry, and fish. Moledina, et al. (1977) investigat® ‘N
Calciunr sulfate Sodium potassium tartrate effectiveness of combinations of an antioxidant ‘helatand
Citric acid Sodium tartrate agents and polyphosphates in retarding the ¢ emlcaflloun-
Disodium EDTA Sodium thiosulfate organoleptic deterioration of mechanically deboned o
Glucono delta-lacton® Sorbitol der meat during frozen storage. Treatment wi pO!B"IPM
Oxystearin Tartaric acid phates, usually applied for moisturs pinding: ¥ o
Phosphoric acid Triethyl citrate inhibit rancidity and prolong the storage 1f° sf:acoﬁ -

Potassium citrate meats. Canned fish frequently develops Crys a
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Sodium Phosphates:
Selected Definitions
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amino and carboxylate groups. Metal chelates have high

. solution stability, and the metal jons found in natural sub-
" stances as part of a catalytic enzyme system are usually
_ bound to donor groups of the enzyme through metal chelate
- fings,

Most of the metal jons that have biological functions

, have a coordination number of 6, with the donor groups
“amnged. in an octahedral fashion, as indicated by com-
- pounds I1T and IV. There are a few metals, such as Mg2*

and Zn2+ | that frequently coordinate only 4 donor groups

~letrahedrally, and Cu*2, which has 4 coordinations directed
- o the corners of a square plane with the metal ion at the
. enter of the plane.

;. Metal Jons and Complexes as Catalysts in Aqueous Sys-
«*ms. Many simple acid-base reactions are catalyzed by
' b.""l metal ions and hydrogen ions. By virtue of its small
- fize, the electronic interaction of the hydrogen ion with a

Sbstrate is- much greater than that of a metal ion. The
h“el', on the other hand, has properties not possessed by
Ydrogen jons, which are useful in catalysis; the ability to
“ordinate a large number of electron donor groups simul-

‘ ta““'()“Sly, the specific geometric orientation of the coordi-

%te bonds of certain metal ions, and the ability of metal

5 to undergo oxidation-reduction reactions.” Many of

mese Teactions are models of the more complex catalytic

. “tsthat occur in biological systems. Since these reactions
Simple coordination compounds aid in the understanding

ﬁb‘?loéical reactions, a few of the more common examples
®8iven in Table 1.

SEQUESTERING AGENTS 1773

+
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Examples of metal chelating compounds.

The function of the metal ions in the reactions sum-
marized in Table 1 is to attract electrons from the substrate.
When this effect takes the form of simple polarization of
the functional groups of the substrate, charge variations and
electron shifts in these groups facilitate the chemical reac-
tions listed under solvolysis (See Solvolysis) and acid
catalysis. When the metal ion removes completely one or
more electrons from the substrate, the first step in an oxi-
dation reaction occurs. This type of catalysis can be accom-
plished only by metals capable of existing in more than one
valence state.

‘There is a saturation effect in the coordination of a metal
ion by donor groups of both the enzyme and the substrate.
Therefore, one would expect that the interaction of a free
metal ion with the substrate would be greater than that of
the metalloenzyme (in which the metal is already partially
coordinated). If this were true, the metal ion would have a
greater catalytic effect than the metalloenzyme. The reverse
is always the case; thus far, no metal ions, or metal complex
enzyme models, have been found to approach the catalytic
activities of the corresponding enzyme. This high activity of
the enzyme is ascribed to the special environment of the
substrate around the active site of the enzyme, through
which additional binding of the substrate by adjacent or-
ganic groups of the enzyme take-place.

The enzyme aconitase, which contains the Fe2t ion at
the reactive center, catalyzes the interconversion of citric,
isocitric, and aconitic acids. The reaction has been shown to
occur through the formation of a single intermediate car-
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Sodium Phosphates

Selected Definitions

From Dictionary of Food Ingredients
Second Edition
Robert S. Igoe
Van Nostrand Reinhold
© 1989

Monosodium Phosphate NaH20PO4. An acidulant, buffer, and sequestrant that is
mildly acid, with a pH of 4.5 and very soluble in water, with a solubility of 87 g per 100
nml of water at 25°C. It is used as an acidulant in effervescent powders and laxatives. It
is also used in soft drink dry-mix formulations, in cheese, and in carbonated beverages. It
is also termed monosodium dihydrogen orthophosphate; sodium phosphate, monnobasic;
sodium biphosphate; and monosodium monophosphate.

Disodium Phosphate Na2HPO4. The disodium salt of phosphoric acid which functions
as a protein stabilizer, buffer, dispersant, and coagulation accelerator. It is milkdly
alkaline with a 1 percent solution having a pH of 9.2. It is moderately soluble in water
with a solubility of 12 g in 100 ml at 25°C. It is used in farina and macaroni to shorten
the cooking time by making the particles swell faster and cook more thoroughly. In
evaporated milk it acts as a buffer and prevents gelation, also acting as a buffer in coffee
whiteners. It is an accelerator of the setting time in instant pudding. In cream sauce and
whipped products it functions as a dispersant by producing a swelling of protein. It is also
termed disodium monohydrogen orthophosphate; sodium phosphate, dibasic; and
disodiium monophosphate.

Sodium Hesametaphosphate (NaPO3)13. A sequestrant and moisture binder that is
very soluble in water but dissolves slowly. Solutions have a pH of 7.0. It permits peanuts
to be salted in the shell by making it possible for the salt brine to penetrate the peanuts. In
canned peas and lima beans, it functions as a tenderizer when added to the water used to
soak or scald the vegetables prior to canning. It improves whipping properties in
whipping proteins. It functions as a sequestrant for calcium and magnesium, having the
best sequesterizing power of all the phosphates. It prevents get formation in sterilized
milk. It is also termed sodium metaphosphate, sodium polyphosphate, and Graham’s salt.
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SEQUESTERING AGENTS. Also called chelates of
ion deactivators, these substances form very stabje 4
complexes with metal ions, They are used in various,

Mety).
oluble
aspects

: . ‘ ¢ ate yp.
desirable properties of metal ions without the necessityu:f

precipitating or removing these ions from solutiop, Th
terms, sequestering agent and metal-ion deactivator gy no:
strictly synonymous, but their meanings overlap to 5 larg
degree and the terms are often used interchangeably, s:
questering agents were first used to soften water by formiy
soluble complexes with calcium, magnesium, and fefroui
ions, thus preventing the formation of the insoluble so;pg
and boilers scales which accompany the use of hard water
Metal-ion deactivation, on the other hand, implies a decrease.’
in the catalytic activity of a metal ion. Sequestrants are
used in food products and processes to keep out traces of
substances like minerals that promote unwanted oxidation
Certain fertilizers have strong sequestering properties that'
keep impurities in solution, as well as salts of micronutrient
metals that are insoluble derivatives of orthophosphoric
acid—as, for example, in liquid ammonium polyphosphate
(APP) fertilizers. Although micronutrients are required in
soil, deficiencies soon lead to stunted and diseased cropsas
well as livestock. Several of these trace elements have proved
quite difficult to add to the soil or plants in forms that can
be assimilated readily. One way is to incorporate in fertil-
izers slowly soluble frits containing micronutrient com:
pounds. Another way is to make organic chelates of metals,
such as boron, cobalt, copper, iron, and zinc. Superphos-
phoric acid and solid or liquid polyphosphates are effective
carriers for several micronutrients. See also Fertilizers.

In biological systems, chemical reactions are usually

mediated by selective catalysts (enzymes). The high effi

ciencies and stereospecificities achieved require that en-
zymes have definite and characteristic geometries, whereby
specific functional groups coordinated to a metal jon are
held in definite spatial positions relative to each other and
relative to the substances upon which they exert theif
catalytic effects. The incorporation of metal ions into en-
zymes can assist in maintaining a definite geometrical re-
lationship between ionic and polar groups, through the
geometric requirements of the coordinate bonds of the
metal ion and electron donating groups of the enzyme and
substrate,and through the ability of the metal ion to initiate
oxidation-reduction reactions. Because of these chemical
and steric effects, natural substances frequently employ ¢0
ordinated metal ions in the complex compounds that cat?-
lyze biological reactions (metalloproteins). .
The characteristic coordination number of a metal iol"lls
the number of atoms that can combine with it by donatio?
of an electron pair from a solvent molecule or by anothef
molecule or anion having unshared pairs of electrons, &
indicated by the reactions for metal ions of coordinatio?
number 4 and 6 shown in the accompanying diagram. When
two or more donor groups are attached to the same mole:
cule or anion, the complex compound formed is said t0 %
a chelate compound. The chelate of glycine (formuld
contains 3 metal chelate rings each coordinated thro'®
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Solutia food phosphates and phosphoric acid, including the

_ components of blends, meet the specifications of the Food
Chemicals Codex (FCC), as well as other codex compendia
used by other countries. Solutia food phosphates and
phosphoric acid are approved as Kosher (U), and confirmatory
letters are available upon request. Many of the phosphates
and some grades of phosphoric acid also meet specifications
defined by the U.S. Pharmacopeia and the National Formulary.

Solutia food grade phosphates and phosphoric acid are
approved for use by the Food and Drug Administration (FDA)
in Title 21 in the Code of Federal Regulations (CFR). In Parts
182 and 184, they are identified as substances Generally
Recognized As Safe (GRAS). Under Part 182, they are listed
with functional groupings as follows:

= Subpart B: Multip!:e Purpose GRAS Fcad Substances
= Subpart F: Dietary Supplements
= Subpart G: Sequestrants

Subpart I: Nutrients

(Note - Not all phosphates are identified under every
classification.)

Applications in the Meat and Poultry industry are regulated by
the U.S. Department of Agniculture (USDA) and are listed in
Title 9 of the CFR. Specific approvals are as follows:

m Part 318.7: Use in Meat Products
® Part 381.147: Use in Poultry Products

The USDA limits the use of phosphates in these products to
0.5% by weight of the final product. The USDA specifically
prohibits the use of phosphates in fresh meat and poultry
products. Meat and poultry products processed with phos-
phates should be labeled appropriately, and the label must be
approved by the USDA. Only clear solutions may be injected
into meat and poultry. Letters issued by the Proprietary Mix
Committee of the USDA regarding the use of Solutia food
phosphates and blends are available upon request. These
provide information on use and proper labeling.

Current regulations by the FDA in the USS. limit the level of
phosphates in seafoods to Good Manufacturing Practice (GMP)
and must be labeled accordingly. Solutia recommends phos-
phate levels should not exceed 0.5% by weight of the final
product. Lower levels, however, are generally sufficient for func-
tionality. Current Compliance Guides issued by the FDA limit
the amount of water that can be added to seafood products.

_Regulatory Information ™"

T SRR »

Non-food uses of various phosphates in USDA-inspected

plants are listed in Miscellaneous Publication Number 141 9,
“List of Proprietary Substances and Nonfood Compounds.”
These include such applications as cleaners and egg washing,

Many food phosphates are also approved for use as indirect
ingredients and other applications. Specific references follow:

= 2] CFR 172.892: Use of various phosphates in preparation
of modified food starches

= 2| CFR 173.310: Use of phosphates and polyphosphates in
boiler water

w21 CFR 173.315: Use of phosphates in washing or to assist
in lye peeling of fruits and vegetables

w21 CFR 175: Subpart B — Substances for use only as compo-
nents of adhesives;