Sensus America Inc.

Princeton Corporate Plaza

1 Deer Park Drive, Suite J
Monmouth Junction, NJ 08852

Sept/12/2007

Mr. Mark Bradley

Program Manager

National Organic Program
USDA/AMS/TMP/NOP

1400 Independence Ave., SW
Room 4008-So.

Ag Stop0268

Washington, DC 20250

Dear Mr. Bradley,

Enclosed is a petition regarding the inclusion of the non-organically produced agricultural
substance “Chicory Root Extract” onto the National List section 205.606. I am the contact of
Sensus America Inc. and can be reached as follows:

Connie (Ying-Pi) Lin, Ph.D.
Applications Manager

Sensus America Inc.

Princeton Corporate Plaza

1 Deer Park Drive, Suite J
Monmouth Junction, NJ 08852
Tel: (646)452-6146

E-mail: connie.lin@sensus.us

If you have any questions, please don’t hesitate to contact me.
We appreciate your consideration of our request.

Sincerely,
Connie (Ying-Pi) Lin, Ph.D.

Applications Manager
Sensus America Inc.
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National Organic Program
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1400 Independence Ave., SW
Room 4008-So.

Ag Stop0268

Washington, DC 20250

Dear Mr. Bradley,

Enclosed is a petition regarding the inclusion of the non-organically produced agricultural
substance “Chicory Root Extract” onto the National List section 205.606. I am the contact of
Sensus America Inc. and can be reached as follows:

Connie (Ying-Pi) Lin, Ph.D.
Applications Manager

Sensus America Inc.

Princeton Corporate Plaza

1 Deer Park Drive, Suite J
Monmouth Junction, NJ 08852
Tel: (646)452-6146
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If you have any questions, please don’t hesitate to contact me.
We appreciate your consideration of our request.
Sincere]y,
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Connie (Ying-Pi) Lin, Ph.D.

Applications Manager
Sensus America Inc.



Petition to be included on the National List
“Chicory Root Extract Documented for Digestive Health”

Item A

1.

Category

Non-organic agricultural substances allowed in or on processed products labeled
as “organic” §205.606.

Justification for this category

The petitioned substance is chicory root extract including inulin and oligofructose
documented for digestive health, The inulin is extracted from the roots of chicory
plant (Cichorium intybus) with hot water. Partial enzymatic hydrolysis of the
chicory inulin yields the oligofructose. The process is analogous to extracting
sugar from the roots of sugar beets and creating maltodextrin from corn starch.

Item B

1.

The common name of the substance.

Chicory root extract documented for digestive health has trade names as
“Frutafit®” and “Frutalose®” inulin/oligofructose from Sensus, which can be
declared as ‘Chicory Root Extract’, ‘Chicory Root Fiber’, ‘Inulin’, and
‘Oligofructose’. This substance consists of fructose (F) units linked by B(2-1)
bonds with mostly one terminal glucose molecule (G). Inulin derived from
chicory root is composed of a mixture of oligomers and polymers (GFn;2<n=
60). Oligofructose yielded from chicory inulin is composed of both GFn-type and
En-type oligosaccharides, usually with less than 10 fructose units.

The manufacturer.

Sensus, headquarters and production facilities are located in the Netherlands. The
address of the U.S. division of Sensus is as follows: Sensus America Inc.
Princeton Corporate Plaza, 1 Deer Park Drive, Suite J. Monmouth Junction, N
(08852.

The intended or current use of the substance.

Chicory root extract documented for digestive health (Frutafit® and Frutalose®
inulin/oligofructose from Sensus) is an agricultural substance which has GRAS
food ingredient status (see GRAS Notice No. 000118 in Appendix 1). The

substance is also approved for use in non-standardized meat applications by the



USDA, and use in animal feed and pet food products by the FDA/CVM [see
Notice of Association of American Feed Control Officials (AAFCO) in Appendix
2]. Itis used to provide soluble prebiotic fiber, texture and consistency to the
food and feed products (e.g., nutritional bars, dairy products, baked goods,
beverages, baby foods, pet foods, etc.). The substance is also Kosher and Halal
certified to satisfy the market requirements.

. The handling activities for which the substance will be used and
its mode of action.

Chicory root extract documented for digestive health (Frutafit® and Frutalose®
inulin/oligofructose from Sensus) is a soluble prebiotic fiber inclusion. Itis
available in both powder and liquid forms. As a powder, it can be blended to
other dry ingredients, or directly added into agitated aqueous phase (e.g., water).
As a liguid, it can be directly incorporated into product formulations.

. The source of the substance and a detailed description of its
manufacturing or processing procedures.

The substance is produced from the root of natural chicory plant (Cichorium
intybus). A general process for isolation of inulin and production of partially
enzymatically hydrolyzed inulin materials (i.e., oligofructose) is attached (see
Production Process of Frutafit® and Frutalose® inulin/oligofructose from Sensus
in Appendix 3). The washed roots are sliced and fed into a scalding apparatus
that renders the plant cell walls semi-permeable. After scalding, the chicory root
alices are fed into a diffusion tower, where inulin is extracted with hot water ina
continuous countercurrent process. The juice emerging from this process 1s
further purified and concentrated. Spray drying of the concentrated juice results
in a powdered inulin product. The juice can be further enzymatically converted
into oligofructose, which is highly soluble, and can be commercially available in
both powder and liquid forms.

. A summary of any available previous reviews of the petitioned
substance by state or private certification programs or other
organizations.

Chicory root extract documented for digestive health (Frutafit® and Frutalose®
inulin/oligofructose from Sensus) has been reviewed and certified by the
following organizations:

~Approval as GRAS Food Ingredient in the U.S. (issued by the FDA, see GRAS
Notice No. GRN 000118 in Appendix 1}

~Approval of use in animal feed and pet food products in the U.S. [issued by the
Association of American Feed Control Officials (AAFCO), see Notice T60.106
in Appendix 2]



~Approval as Traditional Fiber in Canada (issued by the Canadian Food
Inspection Agency, see section 6.8.1: Dietary Fiber in Appendix 4)

~Approval for “healthy colon” claim in the Netherlands (issued by the Nutrition
Center of the Netherlands, see Dutch Health Claim in Appendix 5)

~Approval for bifidigenic claims in France (issued by the French Food Safety
Agency, AFSSA, Agence Francaise de Sécurité Sanitaire des Aliments, see
Advice of 20 April 2005 in Appendix 6)

~Kosher certificate (issued by Circle K-Rabbi Don Yoel Levy, Kashrath
Administrator in Appendix 7)

~Halal certificate (issued by Halal Correct Certification in Appendix 8)

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

Status in the U.S.: Chicory root extract documented for digestive health
(Frutafit® and Frutalose® inulin/oligofructose from Sensus) was granted as
GRAS food ingredient by the FDA in 2002 (see GRAS Notice No. GRN 000118
in Appendix 1). Therefore, itis a food ingredient, not an additive.

Status in Canada: Prutafit® inulin from Sensus was permitted as “Fiber Source”
in both regular foods and meal replacement by the Health Canada in 2006. It was
classified as “Traditional Fiber Source” (see Canadian Food Inspection Agency
section 6.8.1: Dietary Fiber in Appendix 4).

Status in the Buropean Union: Although chicory inulin and ofi gofructose do not
appear on Annex VI, of EEC2092/1991 as an approved non-organic ingredient, a
request has been filed with Belgian authorities in 1997. In this request, the
European Committee of Inulin Producers (CEFT, Comité Européen des Fabricants
d’Tnuline:) confirmed that non of its members can produce organic inufin or
oligofructose from chicory (see Sensus’s letter in Appendix 9).

. The Chemical Abstract Service (CAS) numbers of the substance
and labels of products that contains the petitioned substance.

Component CAS Registration
Number

Chicory root extract (Inulin/Oligofructose) 9005-80-5

Sucrose 57-50-1

Glucose 50-99-7

Fructose 57-48-7

A sample label from an organic frozen dessert containing chicory root extract as
an ingredient is provided in Appendix 10.



9. The substance’s physical properties and chemical mode of action
including:

(a) chemical interactions with other substances, especially substances used in organic
production;

Chicory root extract documented for digestive health (Frutafit® and
Frutalose® inulin/oligofructose from Sensus) is used in organic handling,
not organic production. It is a natural mixture of f3 2,1-linked fructose
chains, bound to a terminal glucose. As a non-digestible carbohydrate, it
is used as a prebiotic soluble fiber inclusion in food and feed processing
and a selective source of energy by beneficial bacteria (i.e., probiotics) in
the guts of humans and animals. This action favorably affects the growth
and activity of probiotics for the benefit of digestive health.

(b) toxicity and environmental persistence;

Chicory root extract documented for digestive health (Frutafit® and
Frutalose® inulin/oligofructose from Sensus) is GRAS food ingredient
when used in human food in accordance with good manufacturing
practice. The substance is fermented by beneficial colonic bacteria.

Tt can also be metabolized by many plant species as a natural reserve
carbohydrate, and utilized by other organisms in nature, such as molds.
Therefore, it does not persist in the environment.

(¢) environmental impacts from its use or manufacture;

The production process of this substance involves water extraction of
raw chicory roots to extract the inulin, which can represent up to 70% of
the dry matter in the roots. The extracted root pulp waste and other
process byproducts are used in animal feed or for other agricultural
purposes.

(d) effects on human health;

The positive effects of chicory root extract documented for digestive
health (Frutafit® and Frutalose® inulin/oligofructose from Sensus) have
been the subject of many review articles over the past fifteen years.
Especially, its prebiotic/bifidogenic properties to promote digestive health
are well backed by scientific evidence. Chicory root extract (inulin/
oligofructose) stimulates the Bifidobacteria and Lactobacilli in the large
intestine, whereas pathogenic strains are significantly reduced. Together
this results in a healthier balance of the colonic flora. A healthy colon
supports the natural defense systems of humans and therefore plays a
major role in well-being. A sampling of publications regarding



10.

11.

prebiotic/bifidogenic effects of chicory root extract (Inulin/Oligofructose)
for digestive health can be found in Appendix 11.

(e) effects on soil organisms, crops, or livestock.

Chicory root extract documented for digestive health (Frutafit® and
Frutalose® inulin/oligofructose from Sensus) is used in handling, not
production. Many microorganisms can utilize the carbohydrate of chicory
root extract. Monogastric animals cannot digest chicory root extract,
which accounts for its favorable effect on beneficial colonic
microorganisms (i.e., the “prebiotic/bifidogenic” effect for digestive
health).

Safety information about the substance.

As aforementioned, chicory root extract documented for digestive health (Frutafit®
and Frutalose® inulin/oligofructose from Sensus) is a safe substance, which was
granted GRAS food ingredient status by the FDA in 2002 (see GRAS Notice No.
GRN 000118 in Appendix 1). No other commercial sources of inulin or
oligofructose have been certified as GRAS food ingredient. MSDS of the Frutafit®
and Frutalose® inulin/oligofructose from Sensus can be found in Appendix 12.

Comprehensive research reviews and research bibliographies,
including reviews and bibliographies which present contrast
positions.

Organic inulin and oligofructose are commercially available from Jerusalem
artichoke and agave. However, none of these organic sources of inulin or
oligofructose have been extensively investigated on their prebiotic/bifidogenic
properties. Only inulin and oligofructose derived from chicory roots have strong
scientific evidence to back up the digestive health claims based on their prebiotic/
bifidogenic properties. This is clearly illustrated by an advice from the French Food
Safety Agency (AFSSA, Agence Francaise de Sécurité Sanitaire des Aliments)
where “chicory inulin is prebiotic at a dosage of 5 g/day” is mentioned (see Advice
of 20 April 2005 issued by the AFSSA in Appendix 6).

In the Netherlands, a panel of independent experts concluded that chicory root
extract (inulin and oligofructose) is prebiotic/bifidogenic which contributes to
digestive health. Frutafit® inulin was approved for a “healthy colon” claim issued
by the Nutrition Center of the Netherlands in 2002 (see Dutch ‘Heaithy Colon’ claim
in Appendix 5). Breads (brand name: Vitaalbrood flora) with this health claim were
first sold through Ahold-owned Albert Heijn supermarkets across the Netherlands.
Research suggests that 5 g of Frutafit® inulin a day stimulates growth of helpful gut
bacteria, which leads to a healthy digestive system [see a sampling of articles
regarding chicory root extract (inulin/oligofructose) documented for digestive health
in Appendix 11]. Three slices of the bread per day supports a well-balanced gut



12.

flora composition and colonic function by selectively stimulating the growth of
Bifidobacteria. Nowadays, chicory root extract (inulin/oligofructose) has been
widely used by major food companies in the world to make digestive health
(prebiotic/bidogenic) claims. For example, Weetabix's bars & cereals (brand name:
Alpen light bars and Weetaflakes cereal) and Warburton's bread (brand name:
“Healthy Inside”) in UK. In Asia and South America, Nestle’s baby food products
with Prebio 1, a unique blend of chicory inulin and oligofructose to facilitate feeding
tolerance throughout the colon, are very popular.

The organic form of chicory inulin and oligofructose are not available on an
industrial scale because that they can not be produced “organically” in an
economically feasible way. For the economical production of organic chicory root
extract (inulin/oligofructose), it would be necessary 10 stop a high capacity
production (e.g., hundred tons of roots per day in each plant), clean the equipment
and run on organically grown roots for a few days. Only by this way, we can
separate normal production from organic production. However, this would be
practically impossible due to high turnover costs to stop the production activities
(see Sensus’s letter on why organic chicory inulin and oligofructose can not be made
on an industrial scale in Appendix 9).

European Regulation 2092/1991 on organic foods allows the use of non-organic
products from agricultural origin up to a mixture of 5% as far as they are included in
the list of Annex VL.C. Although chicory inulin and oligofructose are not included
in that list, a request to include chicory inulin and oligofructose in the Annex VI.C.
was directed to the Belgian Authorities by the European Committee of Inulin
Producers CEFI (Comité Européen des Fabricants d’Inuline) in 1997. In this
request, CEFI confirmed that none of its members can produce organic inulin or
oligofructose from chicory. In June 2006, CEFI again submitted a request to the
Belgian Authorities (Ministerie van de Vlaamse Gemeeschap) to amend Annex VI.C
of EEC 2092/91 with the addition of chicory inulin and oligofructose. In April 2007,
CEFI sent additional information to the Belgian Authorities to further distin guish
between inulin and oligofructose derived from chicory and Jerusalem artichoke.
Their differences in chemical structure, physical properties, technical features in
foodstuff and nutritional benefits were cleatly outlined.

A “Petition Justification Statement” which provides justification for inclusion
of a non-organically produced agricultural substance onto the National List.

Chicory root extract documented for digestive health (Frotafit® and Frutalose®
inulin/oligofructose from Sensus) falls under the category of §205.606.,

which encompasses non-organically produced agricultural products allowed as
ingredients in or on processed products labeled as “organic”. There are currently no
organic equivalents of the product available. The product is not synthetic, being
efficiently produced from natural extraction processes. Chicory root extract is well
recognized as a non-digestible food ingredient that beneficially affects the host by
selectively stimulating the growth and/or activity of intestinal bacteria associated
with health and well-being. Despite the fact that organic inulin and oligofructose



from sources other than chicory are available, there is no proper evidence for those
organic inulin or oligofructose to make substantiated digestive health claims on
food products. If chicory root extract (inulin/oligofructose) documented for
digestive health can not be used in organic products, it will hamper development of
organic products with substantiated digestive health claims based on inulin or
oligofructose. Therefore, chicory root extract should be inciuded on the National
list, as it provides a valuable source of prebiotic soluble fiber that specifically feeds
the beneficial probiotic microflora in the guts of humans and animals.

Besides providing digestive health, chicory root extract (Frutafit® and Frutalose®
inulin/oligofructose from Sensus) also has been widely used in a variety of regular
and organic foods, feeds and beverages, leading to other health, nuirition and
functional benefits (see table below). It is thus a very important ingredient for food
and feed products labeled as 'organic'. If chicory root extract documented for
digestive health is not allowed to be listed in the National List, it would cause
significant business disruption for organic food and feed producers.

Table
Health, Nutrition and Functional Benefits of
Chicory Root Extract (Inulin/Oligofructose)

Colon & Bone Weight Texture Taste
Health Management Improvement Improvement
®  Prebiotic effect ®  Calorie ®  Gelling ®  Synergy with
(digestive health) reduction agent HiS**
®  SCFAs* from ® Ea ®  water ®  Masks aftertaste
fermentation replacement binding of HIS**
®  Fiber effect ®  Sugar ®  Mouthfeel |®  Fruit taste
° replacement | o enhancement
Mineral absorption Humectant
® JowGl °
Bulking
®  Satiety agent

* SCEAs: Short Chain Fatty Acids (e.g., acetate, butyrate, propionate)
** [IS: High Intensity Sweeteners (e.g., aspartame, sucralose, Ace-K)
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Appendix 1

'GRAS Notice No. GRN 000118 issued by the FDA-
Approval of Chicory Root Extract (Frutafit® and Frutalose®
Inulin/Oligofructose from Sensus) as GRAS Food In gredient



FDA/CFSAN: Agency Response Letter: GRAS Notice No. GRN 000118 0710972007 11;02 AM

U. S. Food and Drug Administration

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

May 5, 2003

Agency Response Letter
GRAS Notice No. GRN 000118

Claire L. Kruger, Ph.D.
Environ

4350 North Fairfax Drive
Suite 300

Arlington, Virginia, 22203

Re: GRAS Notice No. GRN 000113

Dear Dr. Kruger:

The Food and Drug Administration (FDA) is responding to the notice, dated November 4, 2002, that you
submitted on behalf of Imperial Sensus, LLC (Imperial Sensus) in accordance with the agency's proposed
regulation, proposed 21 CFR 170.36 (62 FR 18938; April 17, 1997; Substances Generally Recognized as
Safe (GRAS); the GRAS proposal). FDA received the notice on November 7, 2002, filed it on November
14, 2002, and designated it as GRAS Notice No. GRN 000118.

The subject of the notice is inulin from the root of the chicory plant (Cichorium intybus). The notice
informs FDA of the view of Imperial Sensus that inulin is GRAS, through scientific procedures, for use in
food in general, including meat and poultry products, as a bulking agent. Imperial Sensus lists 43 proposed
food categories that would contain inulin at varying use levels. Based on these proposed uses, Imperial
Sensus estimates that dietary intake of inulin at the 90th percentile level would be approximately 6 grams
per day for infants less than one year of age, approximately 15 grams per day for infants one year of age,
and approximately 20 grams per day for the general population (i.e., two years of age and older).

Imperial Sensus' notice includes the findings of a panel of individuals who evaluated the data and
information that serve as the basis for Imperial Sensus' GRAS determination. Imperial Sensus considers
these individuals to be qualified by scientific training and experience to evaluate the safety of substances
added to food.

Imperial Sensus describes published information about inulin, which is a polysaccharide that occurs
naturally in plants such as chicory, Jerusalem artichokes, some cereal grains, and onions. It contains a chain
of fructose units that are linked in a beta 2-1 configuration, usually with a single terminal glucose molecule.
The degree of polymerization (DP) (i.e., the number of fructose units in the chain) ranges from two to
greater than 60, depending on the plant source, the time of harvest and the duration and conditions of post-
harvest storage.
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Imperial Sensus describes published information about other "fructan " polysaccharides - i.e.,
polysaccharides that contain a chain of fructose units. These fructan polysaccharides include
fructooligosaccharide (FOS; DP ranging from three to five) and oligofructoses (DP ranging from two to
twenty). Because the fructose units in inulin, FOS, and oligofructoses all contain the characteristic beta 2-1
linkage, Imperial Sensus assesses the safety of inulin using data and information regarding all three of these
fructan polysaccharides.

Imperial Sensus describes the manufacture of inulin, which is extracted from the root of the chicory plant.
The harvested roots are washed via a process similar to that used in the sugar beet industry. The washed
roots are sliced and fed into a scalding apparatus that renders the plant cell walls semi-permeable. After
scalding, the chicory root slices are fed into a diffusion tower, where inulin is extracted in a continuous
countercurrent process. The raw inulin juice emerging from this process is cooled and further purified and
concentrated. Spray drying of this concentrated juice results in a final concentration of greater than 95
percent dry matter. Imperial Sensus provides specifications for this spray dried product.

Imperial Sensus describes published information about the presence of inulin as the energy reserve in a
number of plants consumed as food world-wide, including chicory, dahlia, Jerusalem artichoke, murnong,
and yacon. Imperial Sensus notes that these sources of inulin have been consumed either as dietary staples
or as sustenance crops in times of hardship. Imperial Sensus describes published information about
approximately two dozen inulin-containing food sources, including the percent of inulin contained in the
edible part of the plant. Imperial Sensus notes that the inulin content of edible plants ranges from less than
one percent (¢.g., in many cereal grains) to more than 20 percent (e.g., in Jerusalem artichokes and other
tubers). Imperial Sensus also cites a publication regarding the consumption of Jerusalem artichokes by some
populations as a substitute for white potatoes and estimates that consumption of inulin by these populations
may have reached 25 to 32 grams per day. In the U.S., the most commonly consumed inulin-containing
foods are cereal grains, bananas, garlic, onions, and tomatoes. Based on published reports, Imperial Sensus
estimates that the average intake of inulin and oligofructose in the U.S. is 2.6 grams per day, primarily from
consumption of wheat and onions. In Europe, Imperial Sensus estimates that the intake of inulin and
oligofructose may be as high as 10 grams per day.

Imperial Sensus cites published information to support its view that the beta 2-1 linkage between fructose
units of inulin is largely resistant to digestion by mammalian digestive enzymes of the small intestine and
that ingested inulin will pass largely intact to the colon, where it is subject to fermentation by the resident
microbial flora. This fermentation results in the production of gases such as hydrogen, carbon djoxide, and
methane, as well as short-chain fatty acids. The short-chain fatty acids are either utilized locally as an
energy source by the resident flora, taken up systemically via the colonocytes and transported to the liver for
caloric utilization by the host, or excreted in the feces.

Imperial Sensus describes results from published in vitro genetic toxicity studies with a commercially
available fructooligosaccharide and concludes that these studies demonstrate that this fructooligosaccharide
lacks any significant genotoxic potential. Imperial Sensus also discusses published human studies and
reviews related to human tolerance of inulin and related fructans and concludes that regular consumption of
40 to 70 grams per day of inulin by healthy adults appears to result in no significant adverse effects,
especially when the consumption is divided over the course of the day.

Based on the information provided by Imperial Sensus, as well as other information available to FDA, the
agency has no questions at this time regarding Imperial Sensus’ conclusion that inulin is GRAS under the
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intended conditions of use. The agency has not, however, made its own determination regarding the GRAS
status of the subject use of inulin. As always, it is the continuing responsibility of Imperial Sensus to ensure
that food ingredients that the firm markets are safe, and are otherwise in compliance with all applicable legal
and regulatory requirements.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as a copy of the
information in the notice that conforms to the information in proposed 21 CFR 170.36(c)(1), is available for
public review and copying on the homepage of the Office of Food Additive Safety (on the Internet at
http://www.cfsan.fda. gov/~Ird/foodadd.html}.

Potential Labeling Issues

Under section 403(a) of the Federal Food, Drug, and Cosmetic Act (FFDCA), a food is misbranded if its
labeling is false or misleading in any particular. Section 403(r) of the FFDCA lays out the statutory
framework for a health claim. In describing the intended use of inulin and in describing the information that
Imperial Sensus relies on to conclude that inulin is GRAS under the conditions of its intended use, Imperial
Sensus raises potential labeling issues under these provisions of the FFDCA. These labeling issues consist
of Imperial Sensus' assertion that inulin has a variety of physiological effects that Imperial Sensus views as
beneficial. If products that contain inulin bear any claims about such benefits on the label or in labeling,
such claims are the purview of the Office of Nutritional Products, Labeling, and Dietary Supplements
(ONPLDS) in the Center for Food Safety and Applied Nutrition (CFSAN). The Office of Food Additive
Safety (OFAS) neither consulted with ONPLDS on these labeling issues nor evaluated the information in
Imperial Sensus' notice to determine whether it would support any claims made about inulin on the label or
in labeling.

Use in Meat and Poultry Products

During its evaluation of GRN 000118, FDA consulted with the Labeling and Consumer Protection Staff of
the Food Safety and Inspection Service (FSIS) of the USDA. Under the Federal Meat Inspection Act and the
Poultry Products Inspection Act, FSIS is responsible for determining the efficacy and suitability of food
ingredients in meat and poultry products as well as prescribing safe conditions of use. Suitability relates to
the effectiveness of the ingredient in performing the intended purpose of use and the assurance that the
conditions of use will not resuit in an adulterated product, or one that misleads consumers.

FSIS has previousty evaluated the use of inulin as a water binder, emulsifier, stabilizer and texturizer at a

level between two and five percent in processed meat food products.f—i—1 FSIS advised that, based on the
current use of inulin in the production of meat products, FSIS would not object to the proposed use of
inulin in non-standardized meat or poultry products at four percent of the total product formula. In regard to
the use of inulin in standardized meat and poultry products, FSIS is currently in the process of completing
rulemaking that would permit the use of any safe and suitable binder in the production of meat and poultry
products where standards of identity and other Federal regulations already permit the addition of binders,
e.g., hot dogs. Until this rulemaking is complete, inulin cannot be used to formulate meat and poultry
products with a standard of identity in Title 9 of the Code of Federal Regulations, parts 319 and 381.

Sincerely,
Is/

file:///Users,’connielinjDesktop,’UT—1,’Spec%ZO(Sensus)iGRAS%ZONotic...esponse%ZDLetter~%2()GRAS%ZGNotice%ZUNO.%ZOGRN%2000GI18.webarchive Page 3 of 4



FDA/CFSAN: Agency Response Letter: GRAS Notice No. GRN 000118 G7/09/2007 11:02 AM

Alan M. Rulis, Ph.D.
Director
Office of Food Additive Safety
Center for Food Safety
and Applied Nutrition

cc: Dr. Robert Post, Director

Labeling and Consumer Protection Staff

Office of Policy, Program Development and Evaluation
Food Safety and Inspection Service

1400 Independence Ave., SW, Suite 602, Annex
Washington, DC 20250-3700

(D1 a letter dated May 9, 1997, from FSIS to FDA, FSIS requested consultation with FDA regarding a
request, from Imperial-Suiker Unie, that FSIS advise Imperial-Suiker Unie of the acceptability of the use of
inulin as a water binder, emulsifier, stabilizer and texturizer at a level between 2 and 5 per cent in processed
meat food products. In a letter dated May 14, 1999, FDA informed FSIS that FDA had completed its
evaluation of the information submitted by Imperial-Suiker Unie as well as other information available to
the agency. Based on its evaluation, FDA determined that, at that time, the agency would not challenge
Imperial-Suiker Unie's conclusion that inulin is GRAS under the proposed conditions of use.

Food Ingredients and Packaging | Summary of all GRAS Notices

Foods Home | FDA Home | Search/SubjectIndex | Dis_claimers&?rivacv Policy | Accessibilitv/Help

Content last updated by amd/lah/pmg on 2003-JUN-09
Hypertext updated by amd/lah/pmg/rxm on 2003-JUN-18
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Appendix 2

Notice (T60.106) issued by the
Association of American Feed Control Officials
(AAFCO)-

Approval of Inulin/Oligofructose for use in
animal feed and pet food products



. ingreclient Definitions ‘ 67/06 6:34 PM

tp:fwww.aafeo.orgfingredient definitions_2004. bt
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Approved moving the following Tentative Definitions to Official status:

T48.30 Liquified Corn Product

2) T48.32 Corn Germ Dehydrated

3

D

2)

3)

4)

5)

T60.98 L-Carnitine

Approved the following new Tentative Definitions:

T57.164 Chromium L-Methionine Complex is the stable, water-sclubie
monochydrochloride complex containing one molar equivalent of chromium (lil) and three
molar equivalents of L-methionine generally expressed as (CgN, ;NO,S),Cr(i)HCI. It is

to be used as a supplemental source of chromium In swine diets not to supply more
than 400 pph of chromium to the diet. Minimum chromium content from chromium L-
methicnine complex must be specified.

T60.106 Inulin is a polysaccharide product obtained from plant sources such as chicory
(Cichorium intybus L.), agave (Agave azul tequilana), and Jerusalem artichoke
(Helianthus tuberosus) by hot water extraction. Jiis intended as a source of soluble,
farmentable fiber. it must contain not less thaf 0% inulin. It,may contain products of

partially hydrolyzed inulin.

T60.107 Mixed Feed Nuts are the residue of the normal packaging and processing for
human consumption of shetled tree nut and peanut products. This residue shall consist
of broken, small, shriveled and cull edible tree nuts or peanuts of two or more kinds and
shall be suitable for animal consumption. If salt has been added during processing, a
guarantee must be made for maximum sodium.

*T60.108 Salvage Pet Food is a product resulting from pet food manufacturing. This
product may consist of, but is not limited to, start-up and over-run product, unfinished
pet food, pet food fines and other product not suitable for packaging for retail saie. If it
contains, or may contain, any material identified by 21 CFR 5898.2000 as prohibited from
use in the fead of ruminant animais, or if it is no longer accompanied by a detailed label
listing all of the ingredients in the salvage pet food, the label must contain the
precautionary statement "Do not feed to cattie or other ruminants”. It shall be free of
foreign materials harmful to animals, and must be suitable for the purpose for which it is
being marketed. ( * The asterisk indicates that this ingredient may be subject to 21 CFR

589.2000.)

*T60.109 Distressed Pet Food is a product resulting from pet food distribution, but which
is no longer available for retail sale. This product may be pet food in, but not limited to,
dented cans, torn bags, product past its sell-by date, or returned product that is suitable
for use in feed. It may consist of a single formula, still in the original packaging, or a
variety of formulas commingled into one bulk container and containing none of the
original packaging or labeling. If it contains, or may contain, any material identified by 21
CFR 589.2000 as prohibited from use in the feed of ruminant animals, or if it is no longer
accompanied by a detailed label listing all of the ingredients in the distressed product,

Page 1 of 2

e e,



Appendix 3

Production Process of Chicory Root Extract
(Frutafit® and Frutalose® Inulin/Oligofructose from Sensus)
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Appendix 4

Section 6.8.1: Dietary Fiber issued by the

Canadian Food Inspection Agency-
Approval of Frutafit® Inulin from Sensus as
“Traditional Fiber’ in Canada
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Sodium content is based upon the total sodium present in the food regardless of
the origin of the nutrient. Unlike most other mineral nutrients, sodium does not
have a Recommended Daily Intake. Calculation of the % Daily Value is based on
the Reference Standard value of 2400 mg [table to B.01.001.1(2)].

6.7 Potassium

Like sodium, potassium content is based upon the total potassium present in the
food and does not have a Recommended Daily Intake. The % Daily Value is
calculated by using the Reference Standard of 3500 mg [table to B.01.001.1(2)].

6.8 Carbohydrates

For labelling purposes, the total amount of declared carbohydrates must include
sugars (e.g., monosaccharides such as glucose, and disaccharides such as
sucrose), starch, dietary fibre, sugar alcohols (e.g., isomalt, lactitol, maltitol,
maltitol syrup, mannitol, sorbitol, sorbitol syrup, xylitol, erythritol), glycerol and
polydextrose.

The amount of carbohydrate may be determined by subtracting the content of
protein, fat, ash and moisture from the weight of the product.

6.8.1 Dietary Fibre

"Dietary fibre are the endogenous components of plant material in the diet which
are resistant to digestion by enzymes produced by humans. They are
predominantly non-starch polysaccharides and lignin and may include, in addition,
associated substances "(Health and Welfare Canada, 1985). There are two types
of fibre: soluble, which will dissolve in water, and insoluble, which will not dissolve
in water. The total fibre content of most plant foods consists of both types in
varying amounts,

Some sources of insoluble fibre include wheat bran, some vegetables and whole
grains. Some sources of soluble fibre include oats, barley, nuts, seeds, beans,
lentils, and some fruits and vegetables.

The amount of dietary fibre is one of the 13 core nutrients that must be declared
in the Nutrition Facts table [item 10 of the table to B.01.401]. The amount of both
soluble fibre and insoluble fibre may be separately declared as additional
information [item 10 and 11 in the table to B.01.402].

Novel fibre (or a novel fibre source) is a food that has been manufactured to
be a source of dietary fibre, and:

(a) has not traditionally been used for human consumption to any significant
extent; or

(b} has been chemically processed (e.g., oxidized) or physically processed
(e.g., very finely ground) so as to modify the properties of the fibre; or

(c) has been highly concentrated from its plant source.

This definition was recommended by the Expert Advisory Committee on Dietary
Fibre, 1985, reporting to Health Canada.

The safety of noveli fibre sources must be established before they may be used as

http:f,fwww.inspection.gc,caleng!ish,’fssa/labetiIguide,’chﬁae.shtml#ﬁ.s Page 2 of 15
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ingredients in foods. As well, the physiological efficacy of novel fibre sources as
dietary fibre must be established before they may be claimed to be a source of
dietary fibre in foods. If the novel fibre source has not been tested for efficacy, it
is considered an unproven novel fibre. If safe, it may be used in foods but it
cannot be claimed to be a source of dietary fibre.

If a novel fibre source has been reviewed by the Health Products and food Branch
of Health Canada and found acceptable, either as an ingredient only (safety
demonstrated) or as a dietary fibre source (safety and efficacy demonstrated), the
manufacturer will receive a "letter of no objection”. The letter will indicate any
restriction on the use of the novel fibre source. These "letters of no objection” are
specific to the brand of the fibre source that was reviewed, unless otherwise
specified.

Manufacturers who are considering the use of novel fibre sources and require
further guidance are advised to contact the Health Products and Food Branch,
Health Canada.

In the case of ingredients manufactured to be sources of dietary fibre, such as
novel fibre sources, the common name of the fibre ingredient in the list of
ingredients should include:

s the name of the plant which is the origin of the fibre; and
s the specific part of that plant.

The term "fibre" may be included as part of the common name, if appropriate
(e.g., the product is 90 percent fibre).

The amount of dietary fibre from novel fibre sources must not be included
as part of the total dietary fibre declaration in the Nutrition Facts table
unless:

e proof of efficacy as dietary fibre in the same type of food has been shown
through clinical testing to the satisfaction of the Health Canada, and

e a letter of no objection has been issued by Health Canada. Reference:
Health Canada's Foad Directorate Guideline No. 9, "Guideline Concerning the
Safety and Physiological Effects of Novel Fibre Sources and Food Products
Containing Them," revised November, 1994.

All novel fibre foods must be reviewed by Health Canada in order for them to be
considered a fibre source. This includes novel fibres which may have aiready been
considered acceptable as a food or food ingredient, but which have not been
previously promoted as a source of fibre, have not been traditionally used at
higher levels and/or have not been used or added for the previously approved
purpose.

Some examples of novel fibres not currently recognized as food ingredients
or fibre sources include:

e fibre that has not traditionally been used for human consumption to any
significant extent, such as cane sugar stalks, cocoa bean hulls, oat hulls,
mucopolysaccharides (e.g., chitin) from shells of shellfish, and wheat straw;

e fibre that has been chemically processed, (e.g., oxidized), or physically
processed (e.g., very finely ground), so as to modify the properties of the

\ http://www.inspection.gc.caienglish/fssa/labetilguideichﬁae.shtml#ﬁ,s Page 3 of 15
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fibre, such as bleached oat hulls, finely ground wheat bran, bleached pea
hulls (seed coats), and bleached wheat straw; and

e fibre that has been highly concentrated from its piant source, such as beta-
glucans from barley and oats.

Examples of food additives not currently recognized as fibre sources or
ingredients include:

¢ pectin

e carrageenan

e guar gum

o methylcellulose, carboxymethyicellulose, microcrystalline cellulose, etc.
e wood cellulose {(powdered cellulose) {Use is currently allowed under an

Interim Marketing Authorization.]

Dietary Fibre - Summary of Sources, Acceptability and Labelling
Table 6-12
(Source: Health Products and Food Branch (HPFB) of Health Canada.
revised October 2002, subject to change)

Name of Fibre Ingredient Classification of Acceptable Fibre Fibre Labelling:
(see note a) Name Ingredient as Ingredient? Labelling: Meal Replacements
Fibre Source Regular (see note d)
Foods
{see note c}
Traditional | | Novel Include Include Claim
amount in amount in || Permitted
dietary fibre dietary Including
label fibre label "Source
declaration? declaration? || of Fibre"?
Claim
permitted? -
see items 41,
42, 43, 44 of
tabie following
B.01.513
Apple pomace Apple \/ Yes No No No
Treetop brand pemace
powder/
Poudre de
tourteaux
de pommes
Corn bran by Corn bran/ J Yes Yes Yes No
traditional milling Son de
mats
(less than/equal to
65% totai fibre)
Corn bran at greater {iCorn bran/ Yes No No No
than 65% total fibre i]Son de
mats
Mustard bran Mustard ‘/‘ Yes No No No
bran/ but only In
Son de condimental
moutarde amaounts
Inulin from chicory Chicory ‘/ Yes Yes Yes Yes
root (Orafti® inufin || root inulin
- Quadra Chemicais)
{ Frutafit® inulin -
Sensus America)
Metamucil®
FibreSure (Procter &
Gamble)
Cargill's Oligge-
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Fiber™ inulin Il I | | . | 3 |Iu Il
Qat bran Qat bran/ ‘/ Yes Yes Mo No
. son
2 13 % total d'avoine
dietary fibre, b
30% of fibre as
solubte fibre, and Y
12% moisture 1
Qat hulls - ground, ||Oat huli ‘/ Yes Yes Yes No
bleached fibre/ in grain and
Fibres de bakery
Canadian Harvest® bale products at
Oat Fiber 300-58 d*avoine levels that
(Opta® Food provide a
Ingredients) source of fibre
(see note b)
and in bar-
type meal
reptacements
Pea Hull Fibres Ground pea '/ Yes Yes No No
Hi Fi Lite & Centara || hull fibre/ but only in
{Nutri-Pea Limited} Fibre de hakery
Exlite Coarse cosses de products and
{Parrheim Foods) pois cereals
Ground pea hulf moulue
fibre *Centara and
(Best Cooking BCP may also
Pulses) be used in
meat
products
where a
filler/binder is
permitted
Psyliium seed husk Ground J Yes Yes No No
psyllium but oniy if (if accepted)
fibre/ Fibre individuatl
de psyllium products
moulue submitted to /
accepted by
HPFB
Rice bran Rice bran/ ‘f Yes No No No
Fiberice Son de riz
{Farmers Rice
Coocperative)
Soy cotyledon Ground soy J‘ Yes Yes No No
. cotyledon
Fibrim fibre/
300, 1003, 1010, Fibre de
1250, 1250, 1255, cotylédon
1450, and 2000 by de soya
Protein Technologies ||moulue
International
Sugar beet fibre, Ground J Yes Yes No NO
Fibrex (Delta Fibre sugar beet but onty in
Foods) fibre/ hakery
(> 0.125 mm) . products at
Fibre de less than or
betterave a equal to 7%
sucre
moulue L_
Wheat bran, coarse ||Wheat ./ Yes Yes Yes Yes
(>0.75 mm) bran/ Claim for if a
Son de blé regutarity If a serving
reasonable contains
daily intake 7 g of
provides 7 g fibre
of fibre from from
coarse wheat coarse

http://www.inspection.gc.cajenglish,v'fssa,llabeti/guide/chﬁae.shtmi#s_s Page 5 of 15



Appendix 5

Dutch “Healthy Colon’ claim in Bread issued by
the Nutrition Center of the Netherlands



Summary of the document supporting

Dutch Health Claim

Frutafit Inulin in Bread

The Netherlands Nutrition Board,

Ministry of Health, Den Haag

February 2002




Assessment Report

The undersigned:

Prof dr ir E.M. Rombouts {chairman), Wageningen University

Prof dr ir P.A. van den Brandt, Maastricht University

Dr F.M. Nagengast, University Hospital Nijmegen St. Radboud

Prof dr ir G.). Schaafsma, Wageningen University/ TNO Voeding, Food and Health, Zeist

have been appointed by the Netherlands Nutrition Centre and the Applicant

Bakkerij Veenhuis BV, subsidiary of Borgesius Holding, Stadskanaal (supported by
Sensus, a subsidiary of Royal Cosun, Breda) to assess the scientific evidence for the
folfowing health benefit:

Product: Vitaalbrood® ffora

Health Benefit: Consumption of three slices of Vitaalbrood® fiora per day supports a
well-balanced gut fiora composition and colonic function by selectively
stimulating the growth of Bifidobacterium. Vitaalbrood® flora contains
at least 5 g Frutafit®-inulin per 100 gram.

In Dutch:

Consumptie van drie sneden Vitaalbrood® flora per dag ondersteunt een
evenwichtige samenstelling van de darmflora en een goede dikke darmfunctie
door selectieve groeistimulatie van Bifidobacterium. Vitaalbrood® flora bevat
ten minste 5 g Frutafit®-inuline per 100 gram.

The undersigned have reached their decision in accordance with the Code of Practice for
Assessing the scientific evidence for health benefits stated in health claims on food and drink
products 1998. The Applicant submitted a high quality dossier, has co-operated fully in this
assessment and has provided the undersigned with all the information requested.

The decision of the undersigned reads:

There Is sufficient scientific evidence, as referred to in the Code of Practice, for the Health
Benefit described above.



This assessment is based on the available data fror the scientific literature and confidential
data provided by the Applicant. The panei’s decision is based in part on the following
publications:

- Alberts DS, Martinez ME, Roe DJ Guillen-Rodriguez JM, Marshall JR, van Leeuwen 1B, Reid
ME, Ritenbaugh C, Vargas PA, Bhattacharyya AB, Earnest DL, Sampliner RE. Lack of effect
of a high-fiber cereal supplement on the recurrence of colorectal adenomas. Phoenix Colon
Cancer Prevention Physicians' Network. N Engl ] Med 2000; 342: 1156-62.

- Bouhnik Y, Vahedi K, Ackhour L, Attar A, Salafati J, Pochart P, Marteau P, Flourie B, Bornet
F, Rambaud 3C. Short-chain fructo-oligosaccharide administration dose-dependently
increases fecal bifidobacteria in healthy humans. J Nutr 1999; 129: 113-6,

- Brighenti F, Casiraghi MC, Canzi E, Ferrar A. Effect of consumption of a ready-to-eat
breakfast cereal containing inulin on the intestinal mitieu and biood lipids in healthy male
volunteers, Eur ¥ Clin Nutr 1999; 53(9): 726-33.

- Causey JL, Feirtag M, Gallaher DD, Tungland BC, Skavin 13, Effects of dietary inufin on
serum lipids, blood glucese and the gastrointestinal environment in hypercholersterolemic
men. Nutr Res 2000; 20: 191-201.

- Cummings JH, Macfarlane GT. Role of intestinal bacteria in nutrient metabolisrm. Clinical

. Nutrition 1997; 16: 3-11.

- Cummings JH, Macfariane GT, Englyst HN. Prebiotic digestion and fermentation. Am J Clin
Nutr 2001; 73(2 Suppl): 415-20S.

- Fooks L1, Gibson GR. In vitro investigations of the effect of probiotics and prebliotics on
selected human intestinal pathogens. FEMS Microbiol Ecof 2002; 39: 67-75.

- Fuchs CS, Giovannuccl EL, Colditz GA, Hunter DJ, Stampfer MJ, Rosner B, Speizer FE, Willett
WC. Dietary fiber and the risk of colorectal cancer and adenoma in women. N Engl J Med
1999; 340: 169-76.

- Gibson GR, Beatty ER, Wang X, Cummings JH. Selective stimulation of bifidobacteria in the
human colon by oligofructose and inulin. Gastroenterology 1995; 108(4): 975-82.

- Gibson GR, Wang X. Reguiatory effects of bifidobacteria on the growth of other colonic
bacteria. J App! Bacteriol 1994; 77:412-20. :

- Goldin BR. Intestinal microflora: metabolism of drugs and carcinogens. Ann Med 1990;
22(1): 43-8.

- Hopkins M], Sharp R, MacFarlane GT. Age and disease refated changes in intestinai
bacterial populations assessed by cell culture, 165 rRNA abundance, and community cellular
fatty acid profiles. Gut 2001; 48: 198-205.

- Kleessen B, Sykura B, Zunft HJ, Blaut M. Effects of inulin and lactose on fecal microflora,
microblal activity, and bowel habit in elderty constipated persons. Am ] Clin Nutr 1997;
65(5): 1397-402.

- Kruse HP, Kleessen B, Blaut M. Effects of Inulin on faecal bifidobacteria in human subjects.
Br ] Nutr 1999; 82(5): 375-82.

- Liu S, Buring JE, Sesso HD, Rimm EB, Willett WC, Manson JE. A prospective study of dietary
fiber intake and risk of cardiovascular disease among women. J Am Coll Cardiol 2002;
39(1): 49-56,

- Mitsuoka, T. Bifidobacteria and their role in human health. J Ind Microbiol 1990; 6: 263-8.

- Rao VA. The prebiotic properties of oligofructose at jow intake levels. Nutr Res 2001; 21:
B843-48.

- Roberfroid MB. Prebictics: preferential substrates for specific germs? Am ] Clin Nutr 2001;
73(2 Suppl): 4065-95.

- Roberfroid M, Van Loo JAE, Gibson GR. The bifidogenic nature of chicory inulin and its
hydrolysis products. J Nutr 1998; 128: 11-0.

)



- Schatzkin A, Lanza E, Corle D, Lance P, Ther F, Caan B, Shike M, Weissfeld J, Burt R, Cooper
MR, Kikendall JW, Cahill 1. Lack of effect of a low-fat, high-fiber diet on the recurrence of
colorectat adenomas. Polyp Prevention Trial Study Group. N Engl 1 Med 2000; 342: 1146-
55.

- Terry P, Giovanucci E, Michels KB, Bergkvist L, Hansen H, Holmberg L, Wolk A. Fruit,
vegetables, dietary fiber, and risk of colorectal cancer. ] Natl Cancer Inst 2001; 93: 525-33.

- Tuohy KM, Finiay RK, Wynne AG, Gibson GR. A human volunteer study on the prebiotic
effects of HP-Inulin — Faecal bacteria enumerated using fluorescent in situ hybridisation.
Anaerobe 2001%; 7: 113-8.

- Tuohy KM, Kalida S, Lustenberger AM, Gibson GR, The prebiotic effects of biscuits
containing partially hydrolysed guar gum and fructo-oligosaccharides - a human volunteer
study. Br 1 Nutr 2001°; 86(3): 341-8.

- Van Loe J, Cummings 1, Delzenne N, Englyst H, Franck A, Hopkins M, Kok N, Macfarlane G,
Newton D, Quigley M, Roberfroid M, van Vliet T, van den Heuvel E. Functional food
properties of non-digestible oligosaccharides: a consensus report from the ENDO project
(DGXII AIRII-CT94-1095}. Br I Nutr 1999: 81(2): 121-32, Comment in: BrJ Nutr. 1999;
81(2): 83-4; 82(1): 75-6; 82(4): 329.

- Van Loo J, Coussement P, de Leenheer L, Hoebregs H, Smits G. On the presence of inulin
and oligofructose as natural ingredients in the westemn diet, Crit Rev Food Sci Nutr 1995;
35(6): 525-52.

The pane!'s decisions are motivated as follows:

The panel assessed the quality of the scientific evidence using criteria listed in the Code of
Practice Health Benefits 1998. In order ko reach final conciusions on the health benefit of
Vitaalbrood® fiora, the panel has sought answers to the following guestions:

1. What is the panel’s judgement of the completeness of the dossier and the interpretation of
scientific literature?

= The applicant has carefully interpreted and correctly presented the scientific literature
on the bifidobacteria stimulating (bifidogenic) effect of inulin.

2. Are there sufficient data to sustain a bifidogenic effect of Frutafit®-inulin that supports a
healthy gut flora composition and colonic functifon?

- What is the effective dose?

- Does this bifidogenic effect Imply a relevant heaith benefit to the consumer?

Inulin and other fructo-oligosaccharides {FOS5) are characterized by _(2,1) bonds of fructose
units, with a variable degree of polymerisation {DP). Due to these _(2,1) bonds inulin is not
or hardly digestibie by digestive enzymes In the human small intestine, but it is fermented
to short chain fatty acids (SCFA) and gases by bacteria in the colon, especially
Bifidobacterium. Inulin has been classified as a prebioticum. A prebiotic effect has bheen
defined as the capacity to selectively stimulate the growth and activity of specific species of
bacteria in the gut, usually bifidobacteria and lactobacilli, with benefits to health. Inulin is
naturally present in wheat, onions, leeks and garlic. In the western diet the intake is
estimated to range from 1 to 10 g per day. In southern European countries the consumption
Is about twice as high as in the Benelux (Van Loo et ai. 1995). Frutafit®-inulin is derived
from chicory roots. The average DP varies between 20 and 25.



The bifidegenic effect of Inulin has been consistently shown, in animal and /n vitro studies
and more important in controfled trials with human beings (Roberfroid et al. 1998; Van Loo
et al. 1999):

+ A significant increase in numbers of bifidobacteria in faeces has been observed in a
series of controlled human studies using variable amounts of inulin or FOS for 1-9
weeks (e.g. Brighenti et al, 1999; Causey et al. 2000; Kruse et al (1999}; Rao 2001;
Tuohy et al, 2001%). In some controlled studies, there was a concomitant decrease in
numbers of potential harmful bacteria, such as Clostridium species and Enterococcus
(Gibson et al. 1995; Kleessen et al. 1997). In other studies no such changes were
observed or other bacterial groups were not monitored during the trial.

» In one study (Bouhnik et al. 1999} a dose response relation between the amounts of
FOS, varying between 0 to 20 g/day, and the growth of bifidobacteria was found, but
other investigators conclude that there is no straightforward dose-respanse effect
{Roberfroid 2001). In studies with inufln or FOS the increase in counts of bifidobacteria
in human faeces appeared to be correlated with the initial number of these bacteria
before the trial, irrespective of the dose of inulin or FOS (Roberfroid et al. 1998; Tuohy
et al. 2001“). Thus, consumption of extra inulin may not result in an additional growth
of bifidobacteria in individuals with already high numbers of these bacteria in their
colonic microflora.

An extra daily dose of about 5 g inulin provides a considerable part of a total daily intake of

5-20 g inulin. Based on various controlled studies it Is reasonable to assume that this

amount of inufin selectively stimutates the growth of bifidobacteria, especially in those

individuals with relatively low numbers of bifidobacteria in their colonic microfiora.

Bifidobacteria are generally assumed to be health promoting. The question remains what
are the health benefits of having a colonic flora in which bifidobacteria predominate? Also,
as the Applicant indicated the general population to be the target group, the question is
whether there is a health benefit for all age groups: .

«  The hypothesis that the number of Bifidobacteria is a marker of a healthy colonic
microflora has been postulated by Mitsucka. Reduction or disappearance of
bifidobacteria in the human intestine, as occurs with various diseases and in conditions
of emotional stress, aging, administration of antibiotics etc., would indicate an
"unhealthy" state (Mitsucka 1990). Bifidobacteria are the most important organisms in
infants, breast babies having higher numbers of Bifidobacterium than hottie-fed
children. In the faeces of healthy children and adults bifidobacteria constitute 5 to 10%
of the total flora (Mitsuoka 1990). In eiderly persons the number of bifidobacteria is
decreased. Reductions in these organisms in the large bowel may be related to
increased disease risk in elderly people (Hopkins et al. 2401). Within the general adult
population (except elderty and diseased persons) faecal counts of bifldobacteria are
estimated to vary between 10% and 10" colony forming units per gram faeces (Bouhnik
et al. 1999: Goldin 1990; Hopkins et al. 2001; Kruse et al. 1999). Due to technical
problems in measuring types and numbers of bacteria more detalled data on variations
in numbers of bifidobacteria in different age groups are not available. Recent
hybridization detection techniques have a higher sensitivity and specificity than the
traditional plate counting methods. In future it might be possible to detect smaller
changes in the composition and metabolic activity of the colonic microflora that might
he nutritionally relevant.

+ It must be concluded that it has not been praven beyond any reasonable doubt that the
number of bifidobacteria is a marker of a healthy colonic microflora. However,



bifidebacteria have a role in controlting the pH of the large intestine through the
production of lactic and acetic acids and other short chain fatty acids (SCFA) that are
formed as a resuit of interactions with other bacteria species. SCFA exert several
metabalic effects (Cummings and MacFarlane 1997). SCFA induce a low pH, which might
restrict the growth of potential pathogens. In vitro studles and studies with various
animal species indicate that higher numbers of Bifidobacterium increase colonization
resistance. Alsa, acetate and lactate may have an anti-micrabial effect beyond this
effect of lowering the pH (Fooks and Gibson 2002). The growth of biomass and the
osmotic effact due to the production of lactic acid and SCFA, increase peristaltic
movements, enhance faecal bulking and affect bowel habit. For instance, inulin has
been shown to be mildly laxative in habitually constipated patients (Kleessen et al.
1997).

- As Inulin is a dietary fibre component, it has been postulated that inulin might have
beneflcial fibre effects, especially a contribution to a protective role in colon cancer and
cardiovascular diseases. There is some preliminary evidence from animal studies that
inulin may affect carcinogenesis and lipid metabolism. However, resuits from human
trials are inconclusive. Also, it must be kept in mind that results of recent prospective
studies do not confirm dietary fibre relationships with colon cancer (Fuchs et al. 1999)
and cardiovascular diseases. Terry et al. {2001) found no association between colorectal
cancer risk and consumption of cereal fibre, but individuals who consume very fow
armnounts of Fruit and vegetables have the greatest risk of colorectal cancer. Also, in
intervention studies (Alberts et al. 2000; Schatzkin et al. 2000) high fibre diets did not
influence the recurrence of colorectal adenomas. Liu et al. (2002) report a statistically
not significant association between fibre intake and risk of cardiovascular disease {after
adjusting for confounding factors).

Considering the available data, it is concluded that inulin stimulates bifidobacterial growth

and fermentation, which can beneficially affect bowel habit. For individuals with already high

numbers of bifidobacteria thera may be no additional bifidogenic effect, but fermentation of
extra inulin still produces higher levels of short chain fatty acids that are potentially
beneficial. In vitro and animal experiments indicate that fermentation of inulin leads to
increased colonization resistance. Data on effects on blood lipids, in relation to
cardiovascular diseases pravention, and on reduction of carcinogenesis are inconclusive.

Are there sufficient data to sustain the health benefit of Vitaalbrood® flora containing
Frutafit®-inulin, taking into account the stability of inulin in the matrix of Vitaalbrood® fora
and the availability of inulin for fermentation by the large bowel microfiora? If so,

Does a realistic use of Vitaalbrood® flora provide an effective dose of inulin?

Are there any possible side effects that may counteract the beneficial effect?

«  The bifidogenic effect has not directly been shown in studies with Vitaalbrood® flora.
However, it is anticipated that due to the solid matrix of bread the inulin gradually
becomes available, which may have a prolonged effect. Thus, taking into account that
there are no reasons to doubt the availability and the stability of inulin, the panel
conciudes that indirect evidence of the efficacy of Frtafit®-inulin is sufficient. Also, a
bifidogenic effect was shown in a study with comparable products tike breakfast cereals
or biscuits (Brighenti et al, 1999).

+  Three slices of Vitaalbrood® fiora per day provide 5.3 g inulin. Three slices present a
realistic daily use of bread. It is not known whether the bifidogenic effect may be
different whean the Vitaalbrood® flora is eaten in one meal or spread in 2 or 3 meals.

+  Controdied studies in humans have shown that the intake of inuline up to 15-20 g per
day does not induce serious adverse side effects, but can induce in some individuals a



mild to moderate intestinal discomfort, such as flatulence and a bloated feeling, Itis
calculated that men aged between 19-22 years, the group with the highest consumption
of wholemeal bread, would not exceed a consumption of 20 g inulin per day. Depending
on the food matrix and individual sensitivity, intestinal discomfort can be induced by gas
formation and osmotic pressure (due to SCFA and lactic acid), resulting from bacterial
metabolism.

4. What is the mechanism of action?

+ Bifidobacteria produce specific enzymes required for the fermentation of inulin. The
consistently observed prebiotic potential of inulin-type fructans may be ascribed to their
linear chains composed of _(2,1) linked fructose molecules. From experiments with pure
cultures it appears that bifidobacteria are the most efficient species in fermenting inulin
and FOS (Roberfroid 2001).

= The maln fermentation products of bifidobacteria are acetic acid and lactic acid, Butyrate
and propionate are also farmed, indicating that bacterial populations other than
bifidobacteria also benefit. It is suggested that bifidobacteria have an inhibitory effect
on other bacteria species, related to the production of acids and a consequent lowering
of gut pH to levels below those at which other bacteria are able to effectively compete.
Howaver, also other mechanisms of inhibition may be involved (Gibson and Wang
1994). An inhibitory effect on other bacteria has been confirmed in some controlled
studies (Gibson et al. 1995; Kleessen et ai. 1997).

Conclusion

1t is reasonable to assume that an extra daily dose of about 5 g inulin provided by three slices
of Vitaalbrood® fiora has a bifidogenic effect, which can beneficially affect bowel habit. For
individuals with already high numbers of bifidobacteria there may be no additional bifidogenic
effect, but fermentation of extra inulin still produces higher levels of short chain fatty acids that
are potentially beneficial, In vitro and animal experiments indicate that fermentation of inulin
leads to increased colonization resistance, Data on effects on blood lipids, in relation to
cardiovascular disease prevention, and on reduction of carcinogenesis are inconciusive.
Vitaalbrood® flora may cause mild side effects (flatulence and a bloated feeling} in individuals
who are sensitive to gastrointestinal discomfort.

Consumers should be ctearly instructed on the use of Vitaalbrood® flora within the context of
the Dietary Guidelines. The importance of a healthy lifestyle should be underlined.

As it is useful to keep the dossier on the efficacy of Vitaalbrood up to date, the panel
advises to collect data on the long-term nutritional implications for individuals in all
age groups who routinely consume this bread.

The members of the panel

Prof dr ir F.M. Rombouts (chairman)
Prof dr ir P.A. van den Brandt

br F.M. Nagengast

Prof dr ir G.J. Schaafsma




Appendix 6

Bifidigenic claims for chicory inulin issued by
the French Food Safety Agency (AFSSA,
Agence Francaise de Sécurité Sanitaire des Aliments-
Advice of 20 April 2005)
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Ipes (7,7+0,3 log cfu/g de selles fraiches
pour le groupe placebo) ; que Pétude a
abolites issus de la fermentation ainsi gue
prés deux semaines d'expérimentation, les
mentation significative des concentrations en
10,3 log cfu/g ww) ; qu'en revanche, 'augmentation
‘est pas significative (8,64£0,2 log cfu/g ww); que la
the aux lignes directrices présentées dans le rapport Afssa’
s dotvent 8lre effectués sur une population définie a prioti en
f-en fin d’essai » ; que Peffet bifidogéne de Inuline pour une
fié ;

sont pas significativement différentes entre,
dans le groupe inuline conire 8,240 2
consisté en une analyse de la flore |
de {a fréquence et la consistang

résultats de Pétude montr
bifidobactéries dans le grays
observée dans le group
méthodologie de 'ét
indiquant que « les

€quence, les aliégations « Linuline native de chicorée est bifidogéne
sance des bifidobactéries intestinales) a un dosage quotidien de 5 gfj. »,
chicorée stimule la croissance des bifidobactéries intestinales a un dosage
-« Linuliné st icoréese Ehioti a un dosage quotidien de 5
gst pas possible de

considére que :
La consommation quotidienne de 5 g dinuline native de chicorée est bifidogéne.

Les allegations « L'inuline native de chicorde est bifidogéne (stimula
des bifidobactéries intestinales) & un dosage quatidien de 5 g/j. »,

chicorée stimule la crolssance des bifidobactéries intestinales & un do
5 9fi. », «Uinuline native de chicorée est prébiotiqgue & un dosag
g/l » sont sclentifiquement validées :
L'aflégation « L'irtuline nafive de chicorée & un dosage quotidien de 5 gff aid
une flore intestinale saine dans le célon » nest pas acceptable.

Martin HIRSCH




Appendix 7

Kosher certificate of Frutafit® and Frutalose®
Inulin/Oligofructose from Sensus issued by the Circle
K-Rabbi Don Yoel Levy, Kashrath Administrator
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Appendix 8

Halal certificate of Frutafit® and Frutalose®
Inulin/Oligofructose from Sensus issued by
the Halal Correct Certification
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International Halal Correct Certification

No: 070103-8SN
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We declare, Hereby, that the below mentioned products of

SENSUS located in the Netherlands
Are Halal; prepared by the rules of Halal Correct Certification ®

Pl A g

Product name: | Frutafit® -Inulin/Fructo-oligosaccharides
Product name: | Frutalose® -Fructo-oligosaccharides
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Epal yally Zamla)l Kypall L2y agalll 5,30 el Kgallufl dpla¥l Banpa
Inspection department Organization Halal Service Benelux
ialal Correct Certification On behalf of the governing board

Mt. Ben Ali Salah Tmam Galal A, Amer
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Copyright 2006/Hakal Correct &

Total Quality Halal Correct Certification BV. member of the World Halal Council & MIT certification
PO.Box 179, 2300 AD Leiden, Nederland tel:+31 (071) 523 57 70 Fax:+31 (071) 523 57 71, wwiehalalfood, nt




Appendix 9

Sensus’s letter on why organic Chicory Root Extract
(Inulin/Oligofructose) can not be made
on an industrial scale



National Organic Standards Board
Attn. Mr. Robert Pooler, Agricultural and

: hh Borchwerf 3
Marketing Specialist 4704 RG ROOSENDAAL
| . P.O. Box 1308
USDJ{JAMS/ TM/NOP : 4700 BH ROOSENDAAL
Washington, D.C. The Netherlands

Unites States rica
S of Ame Tolephone  +31 165 582 500
Telefax +31 165 567 796

Roosendaal, 26 July 2007
Re. : Organic inulin and oligofructose trom chicory
File :

Our reference  : JVW/DM

Dear Sir,

With this statement we want to confirm and clarify that inulin and oligofructose from chicory
roots cannot be produced “organically” in an cconomically feasible way. All production plants
(see the Addendum) operate at a high processing capacity of a few hundred tons of roots every
day in each plant. For the economical production of organic inulin or oligofructose it would be

“necessary to stop production, clean the equipment and run on organically grown roots for a few
days. Only this way we can separate normal production from organic production. This would be
practically impossible dug to the high turnover costs to stop the production activities for at least
one day. We also want to stress that even running a production plant for only a few days would
require large amounts of organically grown chicory roots which are also not easily available.
Therefore Sensus does not produce these ingredients “organically”. We also confirm that none of
the other producers of inulin and oligofructose from chicory produce organic inulin or
oligofructose. This means that organic inulin and oligofructose from chicory roots are not
available in the marketplace.

The addition of non-organic ingredients to foods up to a maximum level of 5 % and still call these
foods “organic” is allowed according to European Regulation CEE 2092/91 provided the non-
organic ingredients are included in Annex VI1.C of the aforementioned Regulation. Inulin or
oligofructose are not mentioned in this Annex.

Tn 1997 a request to include inulin and oligofructose in the Annex was directed to the Belgian
Authorities by CEFI (European Confederation of Inulin Producers). In this request CEFI
confirmed that none of its members produce organic inulin or oligofructose.

In June 2006 CEFI again submitted a request to the Belgian Authorities (Ministerie van de
Vlaamse Gemeenschap) to amend Annex VI.C of EEC 2092/91 with the addition of inulin and
oligofructose. In April 2007, CEFI submitted additional information to the Belgian Authoritics in
order to show the important differences of inulin and oligofructose from chicory and from
Jerusalem artichoke. Differences in chemical structure, physical properties technical featurcs in

Sensus is a unit of Codperatie Royal Cosun U.A. Registered Breda no. 20028699



Sensus
Wanaging Director

26 July 2007
Page 2

foodstuffs and nutritional benefits were clearly outlined. Up till now we have not yet received an
answer from the authorities.

We want to emphasize here that especially for the bifidogenic, prebiotic properties the evidence
for inulin and oligofructose from chicory is very strong. Indeed, based on the scientific evidence
{he French authorities has lend approval to prebiotic claims , whereas in the Netherlands also a
panel of independent experts concluded that inulin and oligofructose were bifidogenic and this
can contribute to gut health. Such claims are not possible for inulin or oligofructose from other
sources, such as from J crusalem attichokes.

Also for other physiological effects there is much more and stronger evidence for inulin and
oligofructose form chicory than from other sources.

This implies that despite the fact that organic inulin and oligofructose from sources other than
chicory is available, this cannot be used to make substantiated claims on food products as the
proper evidence for the claims for inulin from e.g. Jerusalem artichoke is not available. This will
hamper development of organic products with substantiated claims based on inulin or
oligofructose.

Y$ rs fait(qﬂ'ully,
S& Sus %

an Wessem
anaging Director
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Addendum
The following additional information may be relevant to evaluate this application.

1. Chicory (Cichorium intybus) is grown in Belgium, the Netherlands and the north of Erance, and
in Chile. The crop grown in these areas serves as a raw material for:

a. production of inulin and oligofructose and

b. production of roasted chicory as a coffee substitute.

The total area grown in these regions is about 15000 h (delivering about 600.000 t of roots), and
by far the most of this is ased as raw material for production of inulin and oligofiructose.

The first production of inulin and oligofructose from chicory took place in 1985 in Belgium, and
the area has grown steadily since then. Until 2005 chicory was also used as a raw material for the
production of fructose syrups. This production has ceased completely as a consequence of the
changes in EU sugar regulations.

2. Thete ate three suppliers of inulin and oligofructose from chicory:

a. Sensus (with a production plant in Roosendaal, Netherlands);

b. Orafti (with two production sites in Oreye, Belgium and in Chile) and

c. Cosucra (with a plant in Warcoing, Belgium)

Production data are confidential but can be estimated to be in total about 50.000 t of
inulin/oligofructose in 2006 in Europe. This estimation is based on the growth area of chicory and
the estimated yield of inulin per ha.

3. The temperate climate in the growth region has so far not led to production stops or destruction
of crops by pests or adverse weather conditions.

4. The stable political conditions in the EU have prevented restrictions in production and supplies.
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A sample label of an organic frozen dessert containing
Chicory Root Extract



part of Mintel Group

Organic Non-Dairy Frozen

Dessert

Record 1D: 10250084

Company: Turtle Mountain

Brand: So Delicious

Category: Desserts & lce
Cream

Sub-Category: Take Home ice
Cream

Country: USA

Date Published: 31 Jan 2006

Launch Type: New Product

Price in local currency: 4.19

Price in Euros: 348

Product Description

So Delicious Organic Non-Dairy Frozen Dessert is avallable in a Chocolate Peanut Butter fiavor. The product is USDA-
certified organic.

Product Analysis

Package Type: Tub

Package Material: Board

Pack Size: 946.00

New Product Count: 1

Storage: Frozen

Bar Code: 744473720644
Distribution (US records only): National

Distribution Type (US records only): Supermarkét

Product Variants
Product Variant Flavours Positioning Claims
o Chocolate (unspediiied), Organic

Peanut Butter

Ingredients & Nutrition

Ingredients: Organic soymitk (filtered water, organic soybeans, organic dehydrated cane juice, organic brown
rice syrup and/or organic kapioca $yrup, organic peanuts (roasted in organic peanut oil, salt), organic
soybean oit andfor organic, saffiéwer oil, organic cocoa {processed with allali), chicoty root extract,
vaniliia extract, carob bean gum, 6n-GMO potato sugar, guar gum, carrageenan, natural flavors

Nutrition: Serving size 1/2 cup (81g), servifigs per container 8, caloires 140, calories from fat 40, total fat 4.5g,
saturated fat 1g, frans fat Og, cholésterol Omg, sodium 60mg, total carbohydrate 23g, dietary fiber
2g, sugars 13g, protein 2g, vitamiift A 0%, vitamin C 0%, calcium 0%, iron 4%
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A sampling of articles regarding Prebiotic/Bifidogenic
effects of Chicory Root Extract (Inulin/Oligofructose)
documented for Digestive Health



A Sampling of Research Articles Regarding Prebiotic/Bifidogenic
Effects of Chicory Root Extract (Inulin/Oligofructose)
Documented for Digestive Health

A Summary Table
Reference Substrate Dose, Results Reference
(Author, Duration (Title, Journal)
Year) Subjects
(Age)
Gibson et al., Chicory 15 g/d, Significantly increased Selective Stimulation
1995 Oligofructose 15 days bifidobacteria, from 10%* to of Bifidobacteria in
8 adulis 10™ (p<0.01). Lactobacilli the Human Colon by
(21-48 y) tend io increase. Significantly | Oligofructose and
reduced bacteroides (p<0.01), | Inulin
clostridia ((p<0.05) and {Gastroenterology
fusobacteria (p<0.01). 108, P 975-982)
Menne et al., Chicory 8 g/d, Significant increase in Fn-type chicory inulin
2000 Oligofructose 5 weeks bifidobacteria, from 10% to hydrolysate has a
10%¢ (p<0.01). Total prebiotic effect in
anaerobes are unchanged. humans (¥ Nutr 130,
Lactobacilli tend to increase, P1197-1199)
Coliforms and Clostridium
perfringens tend to decrease.
Rae, 2001 Chicory 5 g/d, Close to I log,,cycle increase | The prebiotic
Oligofructose 3 weeks in bifidobacteria (p<0.001 properties of
8 adults oligofructose at low
(24-48 y) intake levels (Nutr
Res 21, P843-848
Kolida et al., | Chicory Inulin | 5and 8 g/d, Bifidobacteria increase A double-blind
2007 2 weeks placebe controlled
30 adults study to establish the
(19-35y) bifidogenic dose of
inulin in healthy
humans (Eur J Clin
Nutr doi: 10.1038/
sj.cjen. 1602636 P1-7
Kim et al., Chicory Inulin 1.5 (x0.3) | Increase in Bifidobacterium Supplementation of
2007 g/d, and Lactobacillus in the infant formula with
3 weeks, faeces of formula-fed babies native inulin has a
14 babies prebiotic effect in
(12.6 weeks formula-fed babies
+ 6.4 weeks) [Asia Pac J Clin Nutr
16 (1): P172-177
Bouhnik et Chicory Inulin 5¢g/d, Bifidobacteria increa (x 12) Prolonged
al., 2007 8 weeks administration of low-
20 adults dose inulin stimuiates
(20-58 y) bifidobacteria growth

in humans (accepted -
for publication in Nutr
Res}




TYS-34

GASTROENTEROLOGY 1995;108:975-982

Selective Stimulation of Bifidobacteria in the Human Colon by

Oligofructose and Inulin

GLENN R. GIBSON, EMILY R. BEATTY, XiN WANG, and JOHN H. CUMMINGS

Medical Research Council, Dunn Clinicat Nutrition Centre, Carsbridge, England

Background/Aims: Qligofruciose and inulin are natu-
rally occurring indigestible carbohydrates. In vitro they
selectively stimulate the growth of species of Bifido-
bacterium, a genus of bacteria considered beneficial
to health. This study was designed to determine their
effects on the large bowe! microflora and colonic func-
tion in vivo. Methods: Eight subjects participated th a
45-day study during which they ate controlled diets.
For the middie 15 days, 15 g* day* oligofructose was
substituted for 15 g - day™* sucrose, Four of these sub-
jects went on to a further period with 15 g - day " inulini.
Bowel habit, transit time, stool composition, breath H,
" and CH,, and the predominant genera of colonic bacte-
ria were measured. Resuits: Both oligofructose and inu-
lin significantly Increased bifidobacteria from 8.8t09.5
logyo g stool™ and 9.2 to 10.1 10,0 € stool @, respec-
tively, whereas bacteroides, clostridia, and fusobac-
teria decreased when subjects were fed oligofructose,
and gram-positive cocci decreased when subjects were
fed inulin. Total bacterial counts were unchanged. Fe-
cal wet and dry matter, nitrogen, and energy excretion
increased with both substrates, as did breath H,. Little
change In fecal short-chain fatty acids and breath CH,
was observed. Conelusions: A 15-g- day™ dietary addi-
tion of oligofructose or inulin led to Bifidobacterium
becoming the numerically predominant genus in feces.
Thus, small changes in diet can aiter the halance of
colonic bacteria towards a potentially healthier mi-
crofora.

he human large intestine contains a substantial and

diverse population of bacteria that is important to
human health, This predominantly anaerobic microfiora
is able to salvage energy for the host through the bacterial
fermentation of undigested carbshydrates and protein to
short-chain fatry acids,' which are then absorbed. The
gut microbiota may alse synthesize vicamins,” protect
against invasive species that are often pathogenic,”® and
possibly contribute to the economy of essential amino
acids in humans.>® However, not all intestinal bacteria
are beneficial to health, and a long-established concept is
that of beneficial and harmful species.” Beneficial genera
include Bifidobacterium and Lactobaciflus, both of which

are sacchatolytic, whereas species such as Clostridinm per-
fringens and Escherichia coli are considered detrimental.*®

Bifidobacteria are the numericaily predominant bacte-
rial genus in the feces of breast-fed infants. It is believed
that this may contribute to the protection that breast
feeding provides against gut infections.'* "% Most adults
also carry bifidobacteria in their colons'>"? but in lower
aumbers than in breast-fed infants. Because of their po-
tentially beneficial properties, there have been attempts
to increase their relative proportion in the adult colon.
Oune methed has been the feeding of probiotic microor~
ganisms to introduce more bifidobacteria into the bowel.
Bifidobacteria administered in this way are able to pass
through the terminal iteun'® and are detecred in feces
at about 10%® g7'.” However, they rapidly disappear
from feces when oral dosing ceases.

When administered by mouth, bifidobacteria can alter
fecal bacterial enzyme activities,'® reduce antibiotic-
induced side effects,” inhibit 2-amino-3-methylim-
idazo[4,5-f} quinoline-induced mammary and liver
tumors in rats,” and reduce 1,2-dimethylhydrazine in-
duced colonic carcinogenesis in mice in conjunction with
oligofructose.'” They may be partly responsible for colo-
nization resistance, which the resident microflora offers
against invading pathogens,”*' and bifidobacteria stim-
ulate the immune system towards certain tumors®® and
bacterial invasion '

What controls the growth of bifidobacteria in the gut?
In breast milk, the “bifidus factor” is a glycoprotein
containing glucose, galactose, fucose, and N-acety! glu-
cosamine.”” In uncontrolled studies of elderly people
administered 8 g+ day™" of a fructooligosaccharide (Neo-
sugar; Meija Seika, Tokyo, Japan), bifidobacterial num-
bers increased in feces, as did total anaerobes.?? Using
in vitro culttures of hurnan fecal bacteria, we have shown
that two structurally simifar carbohydrates, oligofructose
(OF) and inulin, selectively stimulate bifidobacterial
growth while maintaining potential pathogens such as

Abbreviations used in this paper: OF, oligofructose; PYG, peptone
yeast glucose.
© 1995 by the American Gastroenterclogical Association
0016-5085/95/53.00
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E. coli and clostridia at low levels.”’” Moreover, in defined
coculture experiments, various species of bifidobacteria
inhibited the growth of E. coli and C. perfringens. This
effect was caused by the secretion of an inhibitory sub-
stance that was independent of changes in the culture
pH. Plating experiments showed that this antimicrobial
substance vaciably suppressed species belonging to the
genera Salmonella, Listeria, Campylobacter, and Shigella, as
well as Vibrio choleras.™

To detecmine whether the addition of OF or inulin to
a normal diet can lead to changes in the gut microfiora,
we fed these carbohydeates for 15 days to 8 healthy volun-
teers under controlled dierary conditions, substituting
them for 15 g* day ™ sucrose in the basal diet. The effect
of this dietaty change on the major genera of fecal bacre-
ria and the colonic funcrion, including stool output and
composition and breath H; and CHy, was measured.

Materials and Methods
Subiects

Eight healthy volunteers {7 men and 1 woman) with
a mean age of 33.6 years {range, 21--48 years) and a mean
body mass index of 22.4 {range, 18.7-25.4) were used in the
study. All subjects underwent a medical examination, were
healthy, and had not taken antibiotics for at least 3 months
before the commencement of the study. Wrirten consent was
obtained from each petson, and the protocol was approved by
the Medical Research Council Dunn Nutrition Ethical Com-
mirree. As part of the initial assessment, a stool sample was
collected from the volunteers for bacteriological analyses. All
had an initial viable count of bifidobacteria in the range of

16°-10° g wet we feces ™.

Oligofructose and Inulin

Oligofrucrose was the oligosaccharide fraction of Rafti-
lose {Orafri, Tienen, Belgium). It is composed of molecules of
the GPn and Fn type [G, glucose; F, frucrose; n, number of
fructose moieties linked by P (2,1) linkages in a ratio of about
2:1], with n being berween 2 and 6, with an average degree
of polymerization of 4. Inulin was the oligosaccharide fraction
of Raftiline (Orafti), which was obrained by the extraction of
chicory roots. It is composed of molecules of the GFn type,
with n ranging from 2 to 60 and an average degree of polymer-
izarion of 10.

Diet and Experimental Design

The study was conducted using controlied diets with
each subject fed for 15 days. The protocol included an inicia
few days to settle into the Unit’s routing on a free dier and
then 45 days that were divided into 15 days of initial control,
15 days when 15 g-day™' sucrose was replaced with 15
g-day ! OF, and fisally 15 days of » second control period
(13 g-day " sucrose). This was then followed by 5 days on a
free diet for scoot collections to complete fecal marker tecover-
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ies. Four of the subjects went on to pesticipate in another 25-
day study, comprising the same control sucrose diet for 10
days, with 15 g-day™ sucrose being substituted by 15
g-day ™" inulin during a further 15 days, and again followed
by 5 days of stool collections to recover atl markers. Subjects
lived in the merzbolic suite of the Medical Research Council
Dunn Clinical Nutrition Centre. No food other than rhe diets
provided or any alcohol were atlowed. Subjects’” normal energy
requirements wete assessed before the study from beighe,
weight, and food records. The diets were weight maintaining.

"Three 1-day metus comprising normal foods were designed
and fed in rotation to the subjects throughour the study. The
basal diet provided 9 MJ energy and had the following compo-
sition®: protein, 63 g; fat, 93 g (polyunsaturatedfsaturated fat
ratio, 0.19); starch, 142 g {tesistant starch, 4.7 g°%); sugars,
124 p; and nonstarch polysaccharides, 16,4 g.*' Energy intakes
were adjusted to meet individual needs by adding 1-M] incre-
ments of the same composition as the basal dier ro rhat diet.
Bnergy intakes ranged from 9 to 15 MJ - day™". Five grams of
sucrose, OF, and inulin were administered with breakfast in a
free form, and the other 10 g was incorporated into biscuits.
Volunreers kepr a daily diary in which to record their weight,
times of radiopaque markers taken, stools passed, and any
unusual events such as diarchea and flarulence.

Collection and Analysis of Breath

End expiratoty breath samples were collected in dupli-
cate using a dedicated sampling device’” together with a room
air sample ar 7 PM and 10 PM on days 10, 13, and 15 of
each experimental petiod, except for during the conteol sucrose
peciod before inulin, when breath samples were collected on
days 8 and 10. Hydrogen was measured using an exhaled
hydtogen monitor (GMI, Renfrew, Scotland) thar was adjusted
to detect to 0.1 ppm and was calibrated daily using a 52-
ppm standard. Methane was measured using a Pye 104 gas
chromatograph® (Pye Unicam; Cambridge, Cambridgeshire,
England) that was calibrated with 4.8- and 48-ppm CH, stan-
dards, Breath CHy was repocted as the concentration in the
sample less that in room ait. All samples were analyzed within
24 hours of collection and corrected for H; losses during stor-
age using previously obtained correction factors for the syrin-
ges.

Stoo] Collection and Estimation of
intestinal Transit Time and Balance
Markers

All stools passed were collected and, apart from those
required for bacteriologic analyses, were immediarely weighed
and frozen ar —20°C. During the last 6 days of each dietary
period, theee smail subsamples of well-mixed stool were ob-
tained within 1 hour of defecarion for immediare bacreriologic
analyses, and another sample was frozen for short chain fatty
acid measurements. Mean transit time was measured using
the continuous marker method.” Volunteers wete given 10
radiopaque shapes with each meal (30 per day), and marker
type was changed every 15 days with diet. All stools were x-
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rayed before any sampling, and the mackers in each stool were
counted. The mean transit time was calculared, and marker
excretion was used to correct stool weights, nitrogen, energy,
and ash outputs so that results represented a complete 5-day
collection period.™

Diet and Fecal Analysis

All stools from the last 5 days of each dietary period
were pooled, weighed, and lyophilized to constant weight. The
resultant dry sample was milled in a centrifugal mill and
used for fecal analyses. Total nitrogen was measured using an
automated Kjeldahl procedure, energy was determined by an
adiabatic bomb calorimeter, and ash was quantified ar 500°C
after an initial burning off of otgapic residues over a flame.
Fecal subsamples for short-chain fatty acid analysis were de-
frosted at 4°C, mixed, and 1 g was diluted to 10 mL and
centrifuged. One milliliter of the supernatant was then acidi-
fied and extracted into diethyl ether over ice,” along wirh
three calibration standards. 2-Methyl-valerate was used as an
internal standard. ‘The ether was dried with fused calcium
chloride, and 0.5 PL ether was injected onto a Pye 204 gas
liguid chromatograph fitted with a flame jonizarion detecror
and a 25-m BP21-fused silica capillary column (inside diame-
ter, 0.53 mm) (8.G.E. Austtalia, Ringwood, Victoria, Austra-
lia). The column was held at 160°C with helium as the carrier
gas at 11 psi of inlet pressure. There was lincarity of extraceion

" and recovery for all shorr-chain fatty acid analysis. All sarnples
were analyzed in duplicate.

Bacterial Enumeration and Identification

All bacreriologic analyses of feces were performed
within 1 hour of defecation. Five grams of fresh stool was
homogenized using 50 mL of anaerobic 0.1 mol/L sodinm
phosphace buffer (pH 7.0) o provide a 10% (wrivol) fecal
siurry. The shurry was sieved (aperure 250 1im), and 1 mL
was diluted serially in half-strength Wilkins Chalgren anaero-
bic broth (Oxoid, Basingstoke, Hampshire, England} in an
anazerobic cabiner (H,/CO,/N,, 10:10:80). Plates were inocu-
lated in triplicate using selective media for che enumeration
of roral anaerobes, total aercbes, coliforms, gram-positive cocei,
bifidobacteria, bacreroides, fusobacteria, lactobacilii, and clos-
tridia, and places were incubated aerobically or anaerobically
as appropriace.”

After incubation, individual colonies were removed from
the media plates and subcuttured into peprone yeast glucose
(PYG) broth.* Bacteria wete then characterized to genus level
on the basis of colonial appearance, gram reacrion, spore pro-
duction, cell morphology, and fermentation end-produce for-
maticn. Bifidobacreria were further idencified by the produc-
tion of acetare and lactate in PYG broth and a positive
derection of fructose-G-phosphate phosphoketolase activity in
crude cell extracs.

Statistical Analyses

Systat version 5.2.1 was used for alt statistical analyses.
Dier and fecal resules were analyzed using paired Student’s ¢
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Figure 1. Mean breath H, (M) and GH, {8} concentrations in 8 sub-
jects with 15 g- day™* of sucrase, OF, or inulin added.

tests and presented as mean (SEM), and breach and shory chain
facty acids resules were apalyzed by analysis of variance (AN-
OVA) and presented a5 SEM. Before statistical analysis of bac-
teriologic resuits, the normaiity of a representative set of dara
was checked by means of the Kelmogorov—Smitnov test, Bac-
terial counts were logarithmized to fit a normal distribudion,
and the normality of the data was confirmed by Box and
Whisker plots of the logged counts. ANOVA was used to
show rhe effect of the diet on bacteriologic analyses, To confirm
unequivocally statistical resuits of che baceerial count dara, the
analysis was repeared by means of the nonparametric Kruskal—
Wallis test, which does not assume normalicy of che distribu-
tion, Bacteriologic results are presented as mean vaiues (SD).

Resuits

All 8 subjects completed the controlled diet study
without any periods of ifl health or abnormal bowel habit
and maintained their weight. One subject complained of
flatulence intermittently throughour, and 1 complained
of flatulence and abdominal pain during the OF feeding
period.

Breath H, and CH,

The inclusion of OF in the diet resulted in a
significant increase (P = 0.001) in breath H, concentra-
tion to reach 40.1 & 3.6 ppm compared with the first
and second control suctose periods of 23.8 + 2.0 ppm
and 23.5 * 2.9 ppm (Figure 1). This increase occurred
for alf the subjects. Only 3 of the 8 subjects had decect-
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Table 1. Bowel Habit, Fecal Gomposition, and Apparent
Digestibifity of Nitrogen, Energy, and Ash

Bucrose 1 OF Susrose 2

Stoots (per 5

days) 4.1 % 0.52 5.3+ 0.41" 5.3 x 0.53°
Mean transit time

( 51.5 % 865 53.8 = 9,74 56.6 = 12.2
Dry matter (%) 22.4 + 1.97 222+ 1.84 23.5 » 1.76
Cosrected wet wi

{g- day™) 1358 £ 22,8 1541 % 229 1313 19.5%
Corrected dry wt

(g day™ 27.8 + 2.79 32.2 = 3.39 29.0 + 3.43
Nitrogen density

(% dry matter} 5,49 + 022 E.76 = 0.18 5.38 + 0.21°
Nitrogen excreted

{g-dayl) 151 + 012 1.83 * 0.17° 1.55 = 0.16°
Energy density

(ks g dry

malter'™ 21.5 + 0,50 21.5 £ 0.53 21.9 £ 0,577
Energy excreted

{kJ+ day ) 505.6 + 56.4  G595.6 x 783 630.9 + 83.3
Ash density (% dry

matter) 141+ 0.78 129 073" 14.1 * B.74"
Ash excreted

(g-day™) 3.87 £ 0.30 4.02 + 017 3.94 > 0,22
Dry matter

digestibility (%) 96.2 = 0.34 95.7 + 0.37 96,1+ 0.44
Nitrogen

digestibility {9 21,9075 50,1 + 0.92° 91.6 = 1.06°
Energy digestibifity

{%) 86.2 % 0.40 95,6 + 0,49 95.9 + 0,59
Ash digestibility

(%) 80.3 = 1.73 79.2 £ 2,04 79.7 + 2.20

NOTE. Values are expressed as mean * SEM,
*Significantly different from sucrose 1.
bSignificantly different from OF {P < .05},

able CHy in breath during the study period, and these
subjeces showed no obvious relationship berween OF in-
take and breath CHj concentration (Figure 1) (23.5 x
6.2 ppm and 35.4 X 10.1 ppm for sucrose 1 and 2,
tespectively; 36.2 % 10.7 ppm for OF).
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When subjects were fed inulin, a similar significanc
increase in breath H. was observed (from 23.4 X 3.11
ppm to 41.5 + 6.94 ppm; P = 0.031). Of the 4 subjects
who received inulin, 3 were methanogenic, and breath
CHj increased in 2 of these 3 bur decreased in the third,
resulting in an increase, which was not siganificant in
mean breath CHj, from 18.0 & 7.22 ppm to 27.7 *
6.72 ppm,

Bowel Habit, Stool Composition, and

Digestibility

Both OF and inulin increased stool frequency, the
excretion of wet and dry matter, nitrogen, and energy
(Tables 1 and 2), with increases in wet matter and nitro-
gen excretion being significant when subjects were fed
OF. Moisture content was unaffected, and there was an
increase in transit time that was not significant through-
out all diet periods, suggesting a slight underlying con-
stipating effect of the basal diet. Ash excretion also in-
creased when subjects were fed inulin, although changes
were not significant. When considezing only the results
from the 4 subjects who participated in both OF and
inulin diet periods (Table 2), the inclusion of jnulin
resulted in a larger increase in fecal wet and dry weight
than did OF (34% and 23% vs. 14% and 12%); however,
it also slowed mean transit time more than OF did.

All measured components of the diet were highly di~
gestible (Table 1), and the inclusion of OF had very litdle
effect on apparent digestibility, except a very small but
significant decrease in apparent nitrogen digestibilicy
compared with both the sucrose diet periods (P < 0.03).
Total short-chain fatey acids in feces (Table 3) averaged

between 111 and 131 mmol-kg™" for each dietary pe-

Table 2. OF and Inulin Feca! Results for the 4 Subjects Who Participated in Both Studies

OF Inutlin
Sucrose 1 GF Sucrose 2 Sucrose 3 Inulin

Stools (per 5 days) 33 +0.85 4.5 + 0.65° 4.5 + 0.87° 3.8 £ 0.63 4.3 > 063
Mean transit time (h) 53.9 + 14.7 56.4 + 17.3 60.7 + 22,0 511+ 7.73 57.1 + 18.3
Dry matter {%) 25.0 % 34 2441 + 3.6 241 + 3,67 246+ 19 235+ 26
Corrected wet wt (g- day™} 107.1 = 22.4 121.9 + 18,0 104.8 + 24.4 92.4 1 12.6 1234 = 240
Corrected dry wt (2 day ™) 245+ 2.7 274 +13 22.8 % 2.7 222+ 1.9 273+ 33
Nitrogen density (% dry o

‘marter) 5.71 + 0.10 6.11 *+ 0.097 5.59 * 0.17° 5.88 + 0.25 5.81 = 0.26
Nitrogen excretion {g* day™) 1.41 + 0.17 1.68 2 0.10 1.29 + 0.19 1.31 + 0.16 1.56 + (.14
Energy density (kJ- g dry T

matter™} 21.3+0.13 21.4 x 0.36 21.9 * 0,03° 21.0 + 0.17 20.8 + .28
Energy excretion (i) day™) 523 + 56 686 + 19 497 = 6020 466 + 42 565 + 64
Ash density (% dry matter) 14.4 + 1.16 13.0 + 0.83" 14.9 + 0.90° 14.9 + 0.35 14.0 ; 0.89
Ash excretion (g- day™) 344 =015 3.85 + 0.11 3.33£025 3.28 + 0.21 3.74  0.33

NOTE. Values are expressed as mean = SEM; n = 4.

“Significantly different from sucrose 1.
PSignificantly different from OF (P < 0.05).
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Table 3. Fecal Short-Chain Fatly Acid Concentrations and
Molar Ratios During Three Diet Periods

Sucrose 1 Suerose 2

(n = 15) OF (n = 16} (n = 18)
hcetate 80.2 + 9.22 76.8 * 6.77 654.3 + 5.64
Prapicnate 235+ 3.04 23.0 = 2.68 21.8 + 2.44
Isobutyrate  2.09 = 0,198 240 + 0.234 246 *+ 0.299
Butyrate 19.3 + 2.30 18.5 + 2.20 16.0 £ 2.00
Isovalerate 2,92 + 0,331 2.98 = 0.426 3.67 + 0.50%
Valerate 2.33 = 0.304 2.67 = 0,380 246 = 0,264
Caproate 0.81 * 0.247 0.92 + 0285  0.52 = 0.170°
Acetate 60.4 + 1.59 804 + 1.36 58.1 = 1.13
Propicnate 179+ 138 17.8 + 1.26 19.0 + 1.26
Isobutyrate 1,82 + 0.27 1.90 > 0,27 243 + 0.30
Butyrate 14.5 + 0.66 14,1 = 0.93 13.9 + 0.80
|savaterate 272043 2.75 * 0.46 3.66 £ 0.54
Valerate 1.92 = 0.23 2.47 + 0.26 2.27 £ 0.26
Caproate 0.72 £ 0.21 0.80 = 0,23 0.58 + 0.47*

NOTE. Two fecal samples were collected on separate days from each
of B subjects (1 sample was unobtainable). Values are in millimoles
per kilogram of feces and are expressed as mean + SEM.
*gignificantly different from OF {P < 0.008).

bSignificantly different from sucrose 1 (P = 0.034).

riod. No changes were observed in fecal short-chain fatey
acid concencrations during any of the dietary periods,
except for a minor dectease in caproare during the second
sucrose period (P = 0.008). Similarly, molar ratios {Table
3) were unaltered, again with the exception of caproate
(P = 0.002).

Stool Bacteriology

The addition of both OF and inulin had liccle
effect on total viable counts of aerobes or anaerobes. How-
ever, for both cacbohydrates, bifidobacterial counts (Table
4) were significantly higher than during the sucrose peri-
ods (P <C 0.01). This increase was cbserved in 7 of the
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3 volunteers when they were fed OF and ail 4 subjects
who wete fed inulin. Numbers of bifidobacteria declined
significantly (P < 0.01) when OF was withdrawn, show-
ing that the increase was directly attributable to the
addition of OF to the diet and not to some underlying
change in the microflora from becoming a resident at
the Duna Clinical Nuttition Centre on a controlled diet.

A significant decrease in counts of bacteroides (P <
0.01) was observed during the OF diet period with the
resule that bifidobacteria became the pumerically pre-
dominant species in 7 of the 8 volunteets. Although
bacteroides numbers did not change when subjects were
fed inulin, bifidobacteria still became the predominant
species in 3 of the 4 volunteers.

Clostridia and fusobacteria both declined significantly
when subjects were fed OF (P << 0.05 and P <2 0.01).
In most of the volunteers, subsequent ingestion of sucrose
was required for a relatively long period (313 days) for
counts of fusobactetia to recover to levels detected during
the initial control period. Thus, viable counts in the
second sucrose period were significantly lower (P < (.05}
than those recorded in the first sucrose period (Table 4).
Counts of fusobacteria and clostridia were unchanged by
the addition of inulin, although counts of gram-positive
cocci decreased significantly (P <C 0.001). In all the vol-
unteers, numbers of lactobacilli were not affected by OF,
but inulin_increased lactobacilli counts, although not
signiﬁcantly (P = 0.073). Counts of coliforms were unat-
fected by any dietary addition (Table 4).

Discussion

Although the resident bacteria of the colon de-
pend on exogenous (dietary) substrates to a large extent
for energy and growth, particularly nondigested carbohy-

Table 4. Mean Viable Bacterial Counts From Three Fecal Samples With Either 15 g- day ™t of Sucrose, OF, or Inulin Added to

a Controlled Diet

] Sucrose 1 Sucrose 2 Sucrose 3

Bacteria n=28) OF{n = 8) (n = 8) n=4) fnulin {n = 4}
Total aerobes 64+ 1.3 6.2 + 1.0 6.3+ 0.9 6.7 + 0.88 6.7 1.0
Goliforms 6.0+ 1.2 59+ 07 58+ 1.0 8.3+ 12 62+ 1.4
Gram-positive cocel 5.8 x 1.0 5.8 :x 0.9 5.5 + .8 6.0 > (.32 5.5 + 0.27"
Total anaerobes 9.9+ 414 10.2 + 0.9 103+ 0.8 10.6 x 0,22 10.7 . 0.25
Bifidobacteria 88+ 05 9.5 + 4.7° 8.9 09" 9.2+ 0:46 10.1 : 0-44"
Bacteroides 9.4+ 08 88x1.1° 8.9+ (0.9° 9.7 > 047 9-8 ¥ 0‘50
Fusobacteria 85+ 0.7 7.7 + 0.9° 81+ 0.8 8.8 = 0.44 8.9 % 0.62
Clostridia 8.0=*x1.2 75 x09° 7.7 £ 07 8.3 + 0.54 8'1 : 0.?2
Lactobacilli 6812 70x1.4 7.1+ 1.0 6.0 d_: 1:1 6-3 :' 0.76

NOTE. Values are in logy, grams wet weight of feces™ and are expressed as mean + S,

“Significantly different from sucrose 1 (P < 0.01).
bSignificantly different from OF (P < 0.01),
“Significantly different from suctose 1 (P < 0.05).
“Significantly different from sucrose 3 (P = 0.0002).
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drates, it has proved experimentally difficule to produce
consistent changes by dietary manipulation. The colon
seems to be a self-regulating environment. The advent
of “dietary fiber” approximately 20 years ago led to a
number of studies that aimed to show beneficial effects
on the microflora, but most failed to show any significant
change.*** Some alterations in fecal bacterial enzyme
activity have been noted**® but no consistent changes
in bacterial numbers. Similar findings emerge from stud-
ies of meat™ and fat®™ on the microflora. An increase in
overall numbers of bacteria in the colon with additional
fermentable carbohydrate in the diet is apparent from
studies of fecal biomass excretion,® but the balance of
groups seems difficult to change by dierary means alone.
Although specific effects of diet en the microflora are
rarely observed, we have recently shown that the growth
of sulfate-reducing bacteria could be stimulaced by add-
ing sulfate to the diec,”

The present study has shown that a small alteration
in diet, namely, the substitution of 15 g-day™" sucrose
by 15 g-day " OF or inulin, can lead to significant
changes in the balance of the constituent microffora in the
large intestine. Despite the relatively insensitive nature of
bacteriologic techniques for enumerating microorgan-
isras in feces and wide individual variation, biidobacteria
increased significantly when subjects were fed OF and
inulin, whereas numbess of potential pathogens decreased
with OF. These observations confirm results frem in vitro
studies”*** that showed that the stimulation of bifido-
bacterial growth was relatively specific to OF and the
related carbohydrate inulin. In vivo studies with other
fermentable carbohydrates have failed to show a bifido-
genic effect. It is believed that bifidobacteria have rela-
tively high amounts of B-fructosidase that is selective for
B1-2 glycosidic bonds present in fructooligosaccha-
tides.”® Subsequent transport mechanisms and rates of
hydrolysis may also he faster. After oligosaccharide hy-
drolysis, monomers then serve as an efficient growth sub-
strate for the bifidus pathway of hexose fermentation.*
In addition, the inhibitory effects of bifidobacterial
growth on other colonic organisms® are likely to assist
in the competirive influence that eccurred with OF and
inulin,

OF is a lower-molecular-weight version of inulin, and
the two forms exist in plants such as artichokes, chicory,
onions, leeks, gartic, asparagus, with smaller amounts in
many cereals. Inulins are mostly linear polymers of fruc-
tose with glucose as the rerminal sugar. OF, usuatly DP
23, is produced commercially in one of two ways: either
by partial hydrolysis using endoglycosidases, e.g., Rafti-
lose, which is made from chicory inulin, or by synthesis
from sucrose using fungal fructofuronosidase, e.g., Neo-
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sugar.” OF is almost certainly not digested in the human
small intestine, although final proof of this is still lack-
ing.*? Its recovery from the small intestine of rats is
approximately the same as that of an unabsorbed marker,
polyethylene glycol.”® OF is not hydrolyzed when incu-
bated with human salivary enzymes or rat pancreatic
homogenzu:e,25 and oral dosing of OF does not affece
blood gincose in humans.?**** Fermentation in che large
bowel is most probable. In vitro incubation of **C-fabeled
OF with the cecal contents from rats showed 66% of the
lahel appearing as short-chain fatty acids, with some be-
ing metabolized to CO; or incorporated into the bio-
mass.”® In the same study, feeding OF to conventional
rats showed rapid fermentation of OF, whereas germ-free
animals delayed excretion of label for many hourg, and
substantial amounts appeared in feces. Breath Hj studies
in humans have indicated that the majority of OF is
fermented,** These oligosaccharides cannot be detected
in feces even after inulin feeding.” In the present studies,
a clear increase in breath H; was observed during OF
and inulin feeding, although changes in breath CH, were
more ertatic in the 3 methanogenic subjects.

Previous studies in humans have shown that OF had a
modifying effect on stool frequency, reducing funcrional
constipation® and relieving both constipation and loose
staols.”® In our seudy, staol frequency increased when OF
was included in the dier. However, the increase persisted
after OF was replaced by sucrose, suggesting that this
effect was not mediated via the presence of a fermentable
substrate in the colon but more likely some other factor,
such as a change in the composition of the colonic mi-
croflora, Increases (14% and 34%) in daily stool output
were ohserved when OF and inulin wete introduced into
the diet. In this respect, they are acting like any other
indigestible carbohydrate, such as nonstarch polysaccha-
rides™ and resistant search,”” which produce a laxative
effect through fermentation. In terms of the magnitude
of the effect determined in the present study (1.3 g and
2.0 g increase in stool weight per gram in subjects fed
OF and inulin, respectively), this is less than that cbserved
with sources of nonstarch polysaccharides, such as bran
(5.4 g) and fruit and vegetables (4.7 g), but similar to that
produced by rapidly fermented nonstarch polysaccharides,
such as pectin (1.2 g).59 The increase in fecal output is
likely to be atrributable to an increase in biomass that is
confirmed by the significant increase in nitrogen excretion
observed for both substrates. The additional 0.32 g of N
excreted is equivalent to approximately 5 g of bacterial
solids,® and at the moisture content of the stools in the
present study, this amount is the equivalent of 20--25 g
of wet stool. This is almost exactly the increase observed
(Tables 1 and 2} in stool wet weight cutput.
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Fifteen grams of OF has a gross epergy of about 24(]) ilasct(;fri:HE\E;;OS;2:80:::1m1];58§ﬂ3?§3h—uf;n spec
kJ 4 During the OF dietary pen'od, about 77 k-] ) day 3. Freter R. Fatal enteric cholera infection in guinea pig, achieved
additional fecal energy was excreted, which saggested by inhibition of normai entefic flora. J Infect Dis 1955;97:57 -
that although fermentation of OF resulted in some in- . 35;] it M. Millor GP. Martin WR. Resistance of the mouse's
. . . Bahano ’ ] .

creased excretion of energy, much of th_e enetgy pr0v1d(::d intestinal tract to experimental saimonetla infection. . Factors
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ABSTRACT The partial enzymatic hydrolysis of chicory
inulin {(GFn; 2 < i < 60) yields an oligofructose preparation
that is composed of both GFn-type and Fn-type oligosac-
charides {2 < n < 7; 2 < m 5 7), where G Is glucose, Fis
fructose, and n is the number of p{2—1) bound fruciose
moieties. Human studies have shown that feeding GFn-type
oligomers significantly modifies the composition of the fe-
cal microflora especially by increasing the number of bi-
fidobactetia. The experiments reported here were used to
test the hypothesis that the Fn-type molecules have the
same property. During a controlled feeding study, 8 volun-
teers (5 females and 3 males) consumed 8 g/d of an Fn-rich
preduct for up to 5 wk. Fecal samples were collected and
analyzed for total anaerobes, bifidobacteria, lactobacilii,
bacteroides, coliforms and Closiridium perfringens. Both 2
and 5 wk of oligofructose feeding resulted in a selective
increase in bifidobacteria (P < 0.01). In addition, a daily
intake of 8 g of the Fn-type oligofructose preparation re-
duced fecal pH and caused little intestinal discomfort. J.
Nutr. 130: 1197-1199, 2000,

KEY WORDS: + preblotics = Inulin » oligofructese « humans

The colon, along with its bacterial microflora, is an important
organ that provides a great variety of functions, such as digestion,
fermentation, metabolic, immunological and protective func-
tions, as well as detoxifying functions, that are essential to the
whole organism (Cummings 1997). Proliferation of bifidobacteria
in fecal microflora, a sutrogate marker for the colonic microbiota,
has been assoclated with several beneficial effects. A dietary
approach aimed at improving the composition of the fecal mi-
croflora by supplying substrates that allow selective proliferation
of such indigenous bacteria, the prebiotic approach, has been
proposed (Gibson and Roberfroid 1995) and validated in differ-
ent human studies using different nondigestible oligosacchatides
{Gibson et al. 1999). In particular, it has been shown that the
consumption of chicory inulin or its partial hydrolysate {oligo-
fructose), a mixture of B(Z—»1} bound GEn-type (glucosyl-[fruc-
tosylln-1-fructose) and B(2—1) bound Fn-type {[fructosylln-1-
fructose) species (De Leenheer and Hoebregs 1994), significantly

1 To whom correspondence should be addressed.

0022-3166/00 $3.00 © 2000 American Society for Nurritional Sciences.

1197

modifies the composition of the human fecal flora in such a way
that bifidobactetia become numerically predominant (Roberfroid
et al. 1998, Van Loo et al. 1999). Native chicory inulin is
composed of >99% of the GFn-type species (2 = n = 60), but
the oligofructose preparation, which is produced from inulin by
partial enzymatic hydrolysis, is a mixture of both G (2=n
= 7} and Fn (2 = n = 7)-type molecules fwhere G is glucose, F
is fructose and 7 is the number of B(2—1) bound fructose moi-
eties] which also occur naturally in plant foods such as banana,
garlic, onion, salsify, aspatagus, leek, wheat, chicory, etc. {(Van
Loo et al. 1995).

The objective of the present study was to test the hypoth-
esis that, like the GFn-type, the Pn-type chicory oligofructose
preparation selectively stimufates the growth of fecal bi-
fidobacteria in humans. The protocol for the human study was
very similar to recently published studies in terms of number of
volunteers (8—12), protocol and bacteriological methodologies
employed (Buddington et al. 1996, Gibson et al. 1995, Klees-
sen et al. 1997, Williams et al. 1994).

MATERIALS AND METHODS

Chemicals. All chemicals used in this study were of the purestl
erade available and were purchased from Merck (Darmstadt, Germany .
Oxoid (Basingstoke, United Kingdom) or Sigma {(St. Louis, MO).

Study food. The Fn-type-rich chicory oligofructose preparationd
was provided by ORAFTI (Tienen, Belgium) as Raftifose™ L60S
which is produced by partial enzymatic hydrolysis of a refined hot2
water extract of chicory roots (i.e., inulin). It is available as ans:
agueous syrup containing 750 g/kg dry matter composed of 75 =)
(10%) glucase + fructose, 225 g {30%) sucrose and 450 g (60%)g
oligofructose [with 45 g {10%} GFn-type and 405 g (90%) Fn-typel'd.
The product used in the experiments was of food-grade quality. 'S

Volunteers. The study protocol was approved by the ad hocs
ethical committee of the University (UCL-Brussels, Belgium) andE
complies with the Helsinki declaration of 1975 as revised in 1983 N&T,
history of gastrointestinal disease and no use of gastroinrestinal o
antibiotic medications for at least 3 mo prior to and during the trialdy
were the inclusion criteria. Human subjects who participated in theQ
trial were five women and three men aged between 20 and 50 y
having a bodg mass index between 19 and 25 kg/m?, and hetween 18
and 24 kgfin®, respectively. Subjects gave written consent to partic-
ipate in the study.

Pratocol for the human study. The eight volunteers participated
in the experiment, which lasted for 7 wk divided into three successive
periods: i} control, a period of 2 wk, during which the volunteers were
all piven a controlled diet without any addition of cligofructose; 1)
treatment 1, a first treatment period of 2 wk, during which the
controlled diet was supplemented with 8 g/d of chicory oligofructose;
i) treatraent 2, a second treatment period of 3 wk, during which the
volunteers consumed their usual home-cooked diet to which they
added 8 ofd of chicory oligofructose. The chicory oligofructose
(Rafi:ﬂoseda 1.60) compased of 90% Fn-type and 10% GFn-type mol-
ecules was incotporated inte orange juice, various desserts (puddings,
creams and fruit mousses), cakes and biscuits that were part of the

ojumoq

01

2 Abbreviations used: ¢fu, colony-forming units; GFn, G is glucose, F is
fructose, and n is number of B2—1} fructose moisties; n, F is fructose, and n is
number of B2—1} fructose moleties.
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food consumed by the volunteers during the day, in such quantities as
to provide a total daily intake of 8 g of chicory oligofructose, of which
90% (7.2 g} was pure Fn-type.

Feeding a controlled diet during periods 1 and 2 was intended to
minimize the interindividual vatiations in food intakes that could
have influenced the composition of the fecal microflora independent
of oligofructose intake.

Duting these two periods, the volunteers were required to visit a
central restaurant, where they had access to a buffet (breakfast and
lunch) and were given a vacuum-seaied dinner to consume at home.
These meals were prepared so as to minimize the consumption of
naturally oligofructosefinulin-rich products (Van Loo et al. 1995} like
onions, leeks, bananas, astichokes and wheat, as well as yogurts and
fermented milk products. During these two periods, the foods given to
the volunteers were very similar, except for the intake of chicory
oligofructose (8 gfd) during period 2. During period 3, the volunteers
were asked to consume their wsual home-cooked meals but still
excluding oligofructosefinulin-rich food products and fermented dairy
products.

As in other studies on the bifidogenic effect of fructans (Budding-
ton et al. 1996, Gibson et al. 1995, Kleessen et al. 1997, Williams et
al. 1994), each volunteer acted as hisfher own control and no sepa-
rate placebo group was included. Using such a protocol avoids a
cross-over design in which the length of the wash-out interval is often
difficult to evaluate precisely.

Sumple collection. Fresh stools were collected: samptle 1 {last day
of wk 2) at the end of the control period; sample 2 (last day of wk 4)
at the end of the treatment 1 period; and sample 3 (last day of wk 7)
at the end of the treatment 2 period.

During both the control and treatment 1 petiods, the volunteets
wete requested to complete a daily well-being questionnaire, provid-
ing information about possible digestive discomfort (cramps, bloating,
flatutence, soft stools or diarrhea) as well as frequency and appearance
of stools.

Protocol for bacteriological analyses (Beerens 1991, Gibson et
al, 1995). Al stool samples (mintmum weight 20 g) were processed
anaerobically (desk-type home-made anaerobic glove-box containing
an atmosphere of H,, CO, and N,, 10:10:80) within 60 min after
defecation. Samples were weighed and then homogenized in 0.1
mol/L. (pH 7) phosphate buffer to obtain a 100 gfL fecal suspension:
Serial dilutions were prepared using half-strength Peptone water
(Oxoid), the samples (0.1 mL} were inoculated onto agar medium
specific for the growth of total anaerobes (Wilkins-Chalgren anaer-
obic agar), bifidobacteria (Closmidia agar supplemented with 0.0125
g/l iodoacetic acid, 0.02 gfL nalidixic acid, 0.05 g/l. kanamycin,
9.009 g/L polyrayxin, 0.025 g/l triphenyltetrazolium chloride), lac-
tobacilli (Rogosa), coliforms (MacConkey #3}, bacteroides {(BMS
supplemented with 5 g/L glucose, 0.5 g/L ammonium sulfate, 0.01g/L
nalidixic acid and 0.003 g/L vancoraycin) and Clostridium perfringens
(Tryptose Sulfite Cycloserine Agar Base or TSC supplemented with
fluorcult).

Anserobic incubations (in duplicate) for colony development
took place in anaerohic jars containing Anaerocult A (Merck}. For
each fecal sample, a count was made of viable colony-forming units
(cfu) of total anaerches after incubation at 37°C for 4 d, bifidobac-
reria (4 d), bacteroides {4 d), lactobacilli {3 ), coliforras (1 d) and
clostridia (1 d). After incubation, individual colonies were removed
from the plates and subcultured into peptonefyesstfglucose broth.
Bacteria were characterized to genus level on the basis of colony
appearance, Gram’s reaction and cell morphology. Presumptive cul-
ture identities were confirmed through colony morphetype, micro-
scopic characteristics and limited biochemical rests {Gibson et al.
1995).

Statistical analysis. The nonparametric Friedman test was used
after logarithmic transformation of the data. This test, made by order
of rank (rank averages) was chosen because it permits comparison of
several mean values of nonindependent observations, which is the
case in this study, where comparable samples were all taken from the
same volunteess but during different feeding periods. Results were
statistically analyzed on the basis of: 1) a global comparison of mean
values to identify differences between the three feeding periods and

TABLE 1

Effect of feeding 8 g/day chicoty oligofructose {of which 7.2 g
was Fn-type molscules) on the logarithm (fogg) of the
ntimber of the colony-forming units {cfu} of major bacteria in
fresh fecal samples of male and female volunteers fed either a
controfled (treatment 1) or a home cocked-diet (treatment 2)1

Timing of microbiclogical analyses

Before trealment  After 2 weeks  After 5 weeks

Bacteria Control value Treatment 1 Treatment 2
Totat anaerobes 10.3 £ 0.8 101 = 05 104 + 04
Bifidobacteria 86+ 05 9.6 = 0.3* 9.4 * 0.6*
Lactobagcilli 57+19 80+15 6.4 0.7
Bacteroldes 8.9 +£02 8802 92+ 07
Coliforms 7.0x13 658+16 6.5 %12
C. perfringens 35212 32+1.0 3.2+08

1 Values are means * sp, n = 8.
* Significantly different from before treatment.

i) paired comparisons ta search for differences between periods. Th
significance threshold was set at 5% (P << 0.05).

RESULTS AND DISCUSSION

[ wouy papeojustoq

. The key criterion for a prebiotic effect is the demonstratior®
of the selective stimulation of growth of one particular, or 22
limited number of, potentially beneficial bacteria in the com-=
plex fecal microbiota following the consumption of a particu?
lar food. Data should demonstrate that the number (e.g.a
expressed as log;, cfufg of feces) of bacteria in that particular®
population increased significantly, while the others did notg
change or even decreased (Gibson and Roberfroid 1995, Gib
son et al. 1999, Roberfroid et al. 1998).

Table 1 reports the values of the total numbers of cfuld
(expressed as logyo cfufg of feces) for the various bacteriald
analyzed in the feces of the eight volunteers fed a diet with and<
without chicory oligofructose. A global analysis of the differ-
ent values reveals that the daily intake of 8 g of oligosaccha-
rides did not significantly {P > 0.05) modify the counts of
total anaerobes, lactobacill, bacteroides, coliforms or C. per-
fringens, but it did significantly {P <C 0.01) increase the counts
of bifidobacteria.

The paired comparisons reveal that i) at the end of the
treatment 1 period, after eating a contral diet supplemented
with 8 gfd chicory cligofructose (of which 7.2 g was Fn-type
molecules) for 2 wk, the number of bifidobactetia in feces had
increased significantly (P < 0.01) compared to the end of the
control period; ii) at the end of the treatment 2 period, after
eating the usual home-cooked diet supplemented with 8 g/d
chicory oligofructose (of which 7.2 g was Fn-type molecules}
for an additional period of 3 wk, the number of bifidobacteria
in feces were still significantly (P << 0.01) higher than at the
end of the control period but not significantly different from
the counts at the end of the treatment 1 period.

These data thus demonstrate that, as is the case with
GFn-type oligofructose (Gibson et al. 1995, Roberfroid et al,
1998, Van Loo et al. 1999), a preparation of chicory oligo-
fructose containing 30% of Fn-type molecules selectively stim-
ulates the growth of colonic bifidobacteria in human velun-
tecrs, as evidenced by the increase in fecal number.
Furthermore, the data demonstrate the selectivity of that
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stimulation of growth, thus confirming the prebiotic nature of

chicoty Fn-type oligofructose.

At the end of the treatment 1 and treatment 2 periods, the
fecal pH in all the volunteers had dropped by ~1 pIl umit
compared to the end of the control period. Such an effect is
hest explained by a change in colonic fermentation and con-
firms previous observations both in vitro (Wang and Gibson
1993} and in vivo {Gibson et al. 1995, Kleessen et al. 1997).
The present study was not specifically designed to quantify
changes in gut function parameters. However, when analyzing
answets to the well-being questionnaires recorded during the
control period vs. the treatment 1 period, changes in stool
frequency (+ 12%) as well as in the appearance (softer) and
the amount {evaluated qualitatively as “more than usual”) of
stools showed a tendency to confirm the bulking effect re-
ported by Gibson et al. (1995) and by Den Hond et al. (1997).
Moreover, an analysis of the intestinal side-effects associated
with the meals during the periods of chicory oligofructose
intake, as reported on the acceptability forms, revealed that
from a total of 224 meals (8 volunteers receiving 2 meals/day
for 2 wk), only six “mild” complaints were reported. These
inchided one case of increased flatulence, three cases of intes-
tinal distension and two cases of cramps in the intestine. [t can
be stated that the consumption of 8 gfd chicory oligofructose
(of which 7.2 g was Fn-type molecules) is therefore not likely
to cause significant intestinal discomfort.
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Abstract

Oligofructose and inulin, which are increasingly used in human food preparations, are now
recognised as important prebiotic agents influencing the microbial composition of the gastrointestinal
tract of the host. The specific objective of this study was to investigate the effect of ingesting a low
dose of oligofructose (5 g/day) by healthy human subjects on the faecal microflora, especiaily
bifidobacteria, and to compare it with the ingestion of a placebo (sucrose). In a placebo-controlled
study design, faecal samples were collected in the morning from 8 healthy human subjects, who were
not on any medication, and immediately enumerated for bifidobacteria, Bacteroides, coliforms, total
anaerobes and total acrobes. Subjects first took sucrose (placebo) daily (5 g) for 3 weeks with their
normal diet except for known sources of oligofructose and inuiin and subsequently were administcred
oligofructose (5 g) daily for 3 weeks. Faecal samples were collected after 11 days and after 3 weeks.
At 2 weeks post ingestion of oligofructose, another set of faecal samples was taken.

All samples were subjected to immediate microbial enumeration. Ingestion of sucrose {5 g/day)
was without effect on all faecal bacteria enumerated, whereas consumption of oligofructose (5 g/day)
for 11 days resulted in close to one log cycle increase in bifidobacteria pumbers. No further increase
~was observed after the next 10 days. At 2 weeks after termination of oligofructose ingestion,
bifidobacteria numbers had decreased to almost that of the period before treatment. Increases in
pumbers of Bacteroides and total anasrobic bacteria but not in aerobic bacteria also occurred, © 2001
Elsevier Science Inc. All rights reserved.
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1. Introduction

Oligofructose and inulin are non-digestible carbohydrates that are being used increasingly
in food preparations for human consumption {1]. Recent studies have identified several
beneficial attributes of oligofructose and inulin. These include management of constipation
[2], improvement of the composition of the intestinal flora by promoting a saccharolytic, and
suppressing a proteolytic metabolism with bifidobacteria and lactic acid bacteria as main
indicator organisms [3-5], stimulating calcium absorption from the food [6-8], modulating
lipid metabolism [9-11] and prevention of cancer [12-14]. They are now being recognized
as important prebiotic agents influencing the microbiological composition of the gastroin-
testinal tract and the health of the host [15].

Most of the studics pertaining to the physiological role of these non-digestible carbohy-
drates have been conducted at relatively high concentrations (8—40 g per day). However,
there is a growing interest in using these compounds as a substrate for the selective growth
of beneficial gastrointestinal bacteria such as the bifidobacteria. F ermentation studies in vitro
have demonstrated that oligofructose and inulin are efficient substrates for the growth of
most strains of bifidobacteria compared to glucose [16,17]. There is also strong evidence that
oligofructose and inulin selectively stimulate the growth of bifidobacteria in vivo.

The purpose of this study was to investigate the effect of ingesting a low dose of
oligofructose (5 g/day of RAFTILOSE® P95), which is closer to a feasible daily intake by
healthy human subjects, on the faecal microflora, especially bifidobacteria, and to compare
it with the ingestion of a placebo (sucrose).

2. Subjects and methods

Subjects were recruited via advertisements on the university campus and by contacting
participants in our previous studies. Only subjects who were healthy and had normal bowel
movements and were not on any medication, including antibiotics, were asked to come to the
faecal collecting facilities of the Department in the moming to collect faecal samples. Of the
8 subjects, four were male and 4 were female. Their average age was 28 y (range 24-48) and
the average weight and body mass index (BMI) were respectively 64.8 kg and 23.8 ke/m>.
Immediately following collection, samples were enumerated for bifidobacteria and other
bacteria. After faecal sample collections, subjects were provided with sufficient numbers of
5 g packs of sucrose (placebo) to last 3 weeks and instructed to ingest 1 pack each morning
mixed in the beverage of their choice. Subjects were requested to maintain their normal
lifestyle pattern during the course of the study and were instructed to avoid consuming
onions, garlic and other known sources of oligofructose and inulin. A symptoms diary was
kept by each subject during this period. At the end of 3 weeks, subjects returned to the
Department and collected a faecal sample, which was enumerated immediately for the
presence of bifidobacteria, Bacteriodes, coliforms, total anaercbes and total aerobes. Subjects
were then given sufficient numbers of packs (5 g) of oligofructose (RAFTILOSE?® P95,
ORAFTI, Tienen, Belgium) with adjusted sweet taste (aspartame 2.97 g per kg oligofructose)
and comparable granulometry and color so as to mimic the placebo, to last 3 weeks and
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Table 1
Media and incubation parameters for faecal microflora profile

Microorganisms Media and incubation parameters

Schaedler agar; anastobic® ; 37°C; 72 h
Total aerobes Schaedler agar; aerobic; 37°C; 72 h
Bacteroides K-V laked blood agar; anaerobic; 37°C; 72 h
Bifidobacteria ‘ MRS agar + Cys-HCL; anaerobic; 37°C; 72 h
MacConkey agar; aerobic; 37°C; 18 h

Total anaerobes

Coliforms

* Anaerobic jar, Anaerocult “C” pack.

instructed to follow the procedures used before with sucrose. Faecal samples were collected
after 11 days on the oligofructose and again at the end of 3 weeks. Subjects also provided
another faecal sample 2 weeks post ingestion of oligofructose. All samples were subjected
to microbial enumeration immediately following collection.

Microbial enumeration of faccal samples was carried out immediately after collection by
weighing into sterile anaerobic media followed by serial dilution. Aliguots of the diluted
samples were then plated under anaerobic conditions on selective media and incubated
adequately. The media and the incubation parameters used for faecal microflora profiling are
shown in Table 1. The colonies growing on the selective agars were identified on the basis
of their morphological characteristics, including colony margins, form, elevation and color.
Bifidobacteria growing anaerobically on the MRS agar for 72 h at 37°C had characteristically
convex, circular, cream-colored colonies with entire margins. On the other hand Bactercides
resistant to neomycin in the agar had convex, punctiform, mucoid colonies with entire
margins. Colony identification was previously confirmed and established through micro-
scopic observations and glucose metabolism patterns. Colonies were counted at the end of
the incubation periods and expressed as Log,, CFU/g wet faeces.

For statistical analyses, zero-time faecal microbiological values were compared against
values from faccal samples obtained after ingesting sucrose for 21 days and oligofructose for
11 and 21 days, and 14 days afier termination of the treatment. Student’s ¢ test was used for
statistical treatment of the data in order to compare the results.

3. Resulis

Ingestion of sucrose (5 g/day) for 3 weeks had no effect on the numbers of ali fecal
bacteria enumeraied, whereas consumption of oligofructose (5 g/day) for 11 days resulted in
close to one log cycle increase in the number of bifidobacteria. Ingestion of oligofructose for
another 10 days did not result in further increase in the numbers of bifidobacteria but 2 weeks
after the termination of oligofructose intake bifidobacteria numbers decreased to slightly
above that of the period prior to treatment (Table 2).

Oligofructose ingestion also yielded an increase in numbers of Bacteroides, Values for
coliform bacteria were difficult to interpret due to large standard deviations although
ingesting oligofructose for 11 days clearly gave the lowest numbers of coliform bacteria. No
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Table 2

Effect of sucrose and olfigofructose on the composition of faecal microflora

Measuremnets Sucrose 21 Oligofructose Oligofructose PG.St_
(Statistical days 11 days 21 days .Oligofructose
significance}

Total anacrobes 9.97" + 0.27 10.60° -+ 0.22%+* 10,557 & 0.17#%% 10.10" £ 0.32
Total aerobes 8.30" =052 832"+ 0.85 8.86° = 0.80 833* £ 0.38
Bifidobacteria 8.85% £ 045 9.80" £ 0.40(+** 9.77° = Q24H%* 9,11 £ 0.35
Bacteroides 975 = 0.40 10417 = 0.29%% 10.15° = 0.28* 0,76 = 0.14
Coliforms 6.72° = 1.34 5.99° x 1.17 6.93* = 221 653" £ 0.33

Figures on the same row with a different suffix are significantly different.
Bagieria are expressed as CFU per gram fresh faccal material.

Results are presented as mean =+ SD.
Statistical significance compared to sucross (21 d) data (F** P < 0.001; ** P < 0.01; ¥ P < 0.05).

change in total aerobes was observed upon ingestion of either sucrose or oligofructose but
numbers of anaerobic bacteria showed increases over zero time values with oligofructose and
greater increases than with sucrose. Ratios of anaercbes to aerobes among the different
groups were quite similar, ranging between 1.57 and 2.07. These data show a selective
stimulation of certain groups of bacteria (Bifidobacteria). Statistical comparisons of the
bifidogenic effects of oligofructose in humans are presented in Fable 2, showing significant
differences between sucrose and oligofructose treatment after 11 and 21 days in bifidobac-
teria and also Bacteroides and total anaerobes.

4, Discussion and conclusion

The data presented confirm that a dose of oligofructose, close to the minimum effect level
deduced by means of a meta-analysis [18], still has a significant bifidogenic effect. Also,
when the increase in bifidobacteria was plotted against the initial Bifidobacterium count of
the individual volunteers, it is observed that the data match very well with the results of the
latter authors (Fig. 1). This confirms the hypothesis that the initial count of bifidobacteria and
not just the dose of oligofructose is the influential factor in determining the relative increase
in bifidobacteria.

The reduction in Bacteroides counts as observed by Gibson et al. [3] was not reproduced
here. A possible explanation might be that the latter study used a higher dose (15 gfday) of
oligofructose. As a consequence there was a higher concomitant production of metabolites
(end product of anaerobic intestinal oligofructose fermentation is SCFA and lactic acid),
which is an important factor in the process of colonisation resistance.

In this tow-dose study, a selective stimulation of the growth of certain groups of bacleria
(bifidobacteria) was demonstrated, thus confirming the prebiotic properties of oligofructose.
Whereas certain groups of bacteria (e.g. bifidobacieria} significantly increased in numbers,
other groups of counted bacteria remained at the same levels (e.g. coliforms, the group of
total aerobes). These data are in line with those reported by Buddington et al. [51, who



V.A. Rao/ Nutrition Research 21 (2001) 543-848 847

40 - : 4‘

a5 |

ao

25 4 —

20 4

181

10 14— *

Factor increase in Bifidobacteria

- - 3
54— r Py

ok . : . . . : .

8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 9.8
Initial bifidobacterium count (Log CFU)

Fig. 1. Increase in bifidobacteriz as a function of initial Bifidobacterium count, demonstrates that even al low
intake levels of oligofructose, the initial counts are determining factor for the prebiotic effect.

observed in a study with 12 volunteers, that with 4 g per day of an oligofructose obtained by
enzymatic synthesis, during a period of 3 weeks, the bifidobacteria numbers increased
significantly, whereas the total aerobes and enterobacteria were less affected. This observa-
tion additionally confirms that, with respect to bifidogenic potential, there is no difference
between oligofructose obtained by partial enzymatic hydrolysis (containing fructan chains
ending with a glucose moiety as well as fructan chains ending with a fructose moiety) and
oligofructose obtained by enzymatic synthesis from sucrose [19]. It is clear that the B(2-1)
bond linking the fructose moieties in the oligofructose chains is central in the non-digest-
ibility as well as in the bifidogenic properties of oligofructose.

As a conclusion it can be stated that present study confirms the prebiotic effect of
oligofructose at low, nutritionally feasible, intake levels. The results were in Tine with
published results and interpretations.
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A double-blind placebo-controlled study to establish
the bifidogenic dose of inulin in healthy humans
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Objective: To evaluate the bifidegenic efficacy of two inulin doses in healthy human adults.

Design: A double-blind, placebo-controlled, crossover human study.

Setting: Food Microbial Sciences Unit, The University of Reading, Reading, UK.

Subjects: Thirty healthy volunteers, 15 men, 15 women (age range 19-35).

Interventions: Subjects consumed a chocolate drink containing placebo (mattodextrin, 8 g/day), 5g/day inulin and 8 g/day
inulin for a 2-week treatment period. Each treatment was followed by a 1-week washout at the end of which volunteers
progressed to the next treatment, Faecal samples were obtained at the start of the study (baseline)} and at the end of each
treatment and washout period. Fluorescent in situ hybridization was used to monitor populations of Bifidobacterium genus,
Bacteroides — Prevotella, Lactobacillus — Enterococcus and Clostridium perfringens — histolyticum subgroup.

Results: Bifidobacterial levels increased significantly upon ingestion of both the low (9.78 +.0.29 logqo cells/g faeces, P<0.05)
and the high inulin dose {9.79 +0.38i0g10 cells/g faecas, P=0.05) compared to placebo (9.64+0.23 logq, cells/g faeces).
Conclusions: Both inulin doses exhibited a bifidogenic effect but a higher voiunteer percentage responded to the high dose. A
dose response effect was not observed but the magnitude of increase in bifidobacteria jevels depended on their initial numbers,

The higher the initial concentrations the smaller was the increase upon ingestion of the active treatments.
Sponsorship: Financial support for the completion of this project was provided by Sensus (Roosendaal, The Netherlands),
Furopean journal of Clinical Nutrition advance online publication, 37 January 2007; doi:10.1038/s.ejen. 1602636

Keywords: inulin; FISH; prebiotic; colon; Bifidobacterium

Introduction

Fructooligosaccharides (FOS) and inulin are polymers of
pfructose joined by §(2-1) bonds with an «(1-2) linked
p-glucose at the terminal end of the molecule. Molecules
with a degree of polymerization (DP) between 3 and 10 are
referred to as oligofructose or FOS and those with a DP
between 3 and 65 are known as inulin. Inulin occurs
naturally in a range of plants such as chicory, onion, gariic,
Jerusalem artichoke, tomato and banana and, as such, it isa
patt of everyday human diet. According to the US Depart-
ment of Agriculture 1994-1995 continuing survey of food
intakes by individuals, the average daily intake of naturally
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occurting inulin and oligofructose was 2.6 and 2.5g,
respectively (Moshfegh et al., 1999). European populations
are estimated to consume between 2 and 10g of inulin per
day (Van Loo et al,, 1995).

Inulin is not hydrolyzed by digestive enzymes in the upper
gastrointestinal tract and reaches the colon intact, where itis
then selectively fermented by bifidobacteria, Bifidobacteria
have long been regarded among the beneficial members of
the human gut microflora. The bifidobacterial dominated
gut ricrobiota of breast fed infants has been associated with
improved health benefits (Campbell and Jones, 1996;
Vanderhoof and Young, 1998), High numbers of bifido-
bacteria are also perceived as beneficial for adult health.
Bifidobacteria have been shown to inhibit growth of
pathogenic bacteria, modulate the immune system, produce
digestive enzymes, repress the activities of rotaviruses and
restore microbial integrity of the gut microbiota following
antibiotic therapy (Bernet et al. 1993; Gibson and Wang,
1994; Saavedra et al, 1994; Collins and Gibson, 1999;
MeCracken and Gaskins, 1999).
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The health benefits of bifidobacteria have resulted in
research focusing upen the promotion of their growth and
activity in the colon. Previous human feeding studies have
demonstrated the bifidogenic nature of hoth inulin and
oligofructose. A variety of doses have been thus far reported
effective in increasing faecal bifidobacteria in vivo, ranging
from 4 to 40 g/day (Williams et af., 1994; Gibson et al., 1995;
Buddington et al., 1996; Kleessen et al., 1997; Bouhnik ef al.,
1999; Kruse et g, 1999; Den Hond ef al,, 2000; Tuohy ef al.,
2001a; Bouhnik et al, 2004). Although microbial culture
techniques were used in the majority of studies, results
reported thus far on the prebiotic efficacy of inulin and
oligofructose are in agreement with studies employing
molecualar methodologies of monitoring the prebiotic effect
on the bacterial microflora {Tuchy et al., 2001a, b).

It is evident from the above that inulin and oligofructose
exhibit bifidogenic efficacy at various daily intakes in
healthy humans. Although the safety of inulin ingestion
cannot be disputed, it is essential that its efficacy at low daily
doses be defined. Results obtained thus far from a multitude
of different studies cannot be directly compared as different
methodologies, population groups as well as different types
of inulin have been used. High daily doses of inulin could
result in manifestation of adverse effects such as increased
flatulence, through non-selective fermentation by the gut
microflora. It is important to establish whether an increase
in the daily intake of inulin correlates with an increased
bifidogenic effect.

The aim of this study was to establish the minimum daily
dose of inulin required to stimulate the numbers of faecal
bifidobacteria in healthy humans, without the manifestation
of gastrointestinal side effects,

Methods

Subjects

Thirty healthy human volunteers (15 male, 15 female,
average age 26.5+3.1 years) participated. Written consent
was obtained from all participants and the study protocol
was approved by the Ethics and Research Committee of the
University of Reading.

Pre-trial assessment
Volunteers were assessed for good heaith and selected on
basis of adherence to exclusion and inclusion criteria.

Eligibility criteria

Inclusion criteria for the participation in the study were:
signed consent form, age 18-50 years inclusive, body mass
index 20-30 inclusive, good general health and absence of
gastrointestinal disorders (chronic constipation, diarrhoea,
inflammatory bowel disease, irritable bowel syndrome or
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other chronic gastrointestinal complaints) as determined
through a medical questionnaire,

Volunteers with a history of physical/mental disease,
major surgery, severe allergy, abnormal drug reaction and
drug/alcohol abuse were excluded. Volunteers were also
excluded if pregnant, lactating or planning pregnancy,
Volunteers taking pro/pre/synbiotics, drugs active on intest-
inal motility, or laxatives of any class, within 4 weeks before
the study or antibiotics within 6 months before the study
were also excluded.

Requirements for diet and medication during the study

Subjects were instructed not to consume any additional
prebiotics, probiotics or synbiotics. They were also asked not
to take any antibiotics or drugs that could affect gastric
motility, Any medication taken was recorded in diatles.
Volunteers were instructed not to alter their usual diet or
fluid intake during the trial period.

Treatments
The trial was conducted in a crossover design between two
active (high and low inulin dose) and a placebo treatments.

Volunteers consumed each treatment for a 14-day period,
which was followed by a 7-day washout. All volunteers
consumed the same treatment during each experimental
period.

Treatments were supplied by Sensus (Roosendaal, Nether-
lands) and were colour coded so as to be blind to the
investigators as well as the volunteers (Table 1). Each
treatment was delivered as one 29 g chocolate powder sachet
per day to be dissolved in warm water. Test sachets contain-
ing chocolate powder along with inulin, average DP 9-10
(Frutafit IQ, Sensus, Roosendaal, Netherlands) or placebo
(maltodextrin) were administered to the volunteers at the
start of each 14-day treatment period. Volunteers were asked
to drink one chocolate powder sachet per day and were free
to consume jt at any time during the day.

Faecal sample preparation

Freshly voided faecal samples were collected in sterile plastic
pots and were processed within 10min of collection.
Sampies were diluted 1 in 10 {(w/w) with phosphate-buffered
saline (PBS, 0.1M; pH 7.0) and mixed in a Stomacher® 400
{Seward, Norxfolk, UK) for 2min at normal speed.

Bacterial enumeration

Oligonucleatide probes. Synthetic oligonucieotide probes
targeting specific regions of the 165 rRNA molecule, labelled
with the fluorescent dye Cy3, were utitized for the enumera-
tion of Bifidobacteriim genus (Bif164, Langendijk ef al.,
1995), C. perfringens — histolyticum sabgroup (His150, Franks
et al.,, 1998), Bacteroides - Prevotella (Bac303, Manz ef al.,
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Table T Stucdy outline and nutritionai information of the 3 treatments ingested throughout study duration

freatment 1 (placebo) Washout 1 Treatment 2 (5 g/day inufin)  Washout 2 Treatment 3 (8 g/day inulin)
Days 1-14 Days 15-22 Days 23-37 Days 38-45 Days 46-60
| sachet/day No treatment 1 sachet/day Mo treatment 1 sachet/day

Staol sample on day 37
(treatment 2)
Gl symptomn diary

Stool sample at
day 22
Gl symptom diary

%ool sample on day 1
lbasetine) diary for Gl
ymptoms

Treatment comrposition and
nattitional information

8§ maltodextrin substituting
for the inutin content of the
wctive treatments.

All other ingredients
identical to high active
treatment

5g inulin, 3 g maltodextrin,

Stood sample onday  Stool sample on day 60 (treatment)
45 Gi symptom diary
G symptom diary

8 g inulin, sucrose, skimmed milk powder,
lactase, skimmed cocoa powder (9%),
vegetable fat, stabilisers {E339, xanthan
gum), salt and aroma.

tich treatment was delivered as 29 g of chocolate powder/day. The sequence the treatments were administered was: placebo, 3 g/day inulin, 8g/day inulin.
formulae nutritional value per 100g: energy 410keal, protein 12 g, carbohydrates 709 of which sugars 699, sodium 0.4 g, fat B.5 g of which saturated 8.0g and

monounsaturated 0.5 g, dietary fibre 4.04.

1996) and Lactobacillus — Enterococcus (Labl58, Harmsen
¢t al., 1999). All probes were provided by MWG-Biotech
{London, UK). Total cell counts were achieved by adding the
nucleic acicd stain 4,6-diamidino-2-phenylindole to the
hybridization mixture. Labelied cells were visualized using
fluorescent rnicroscopy. The sequences and specific hybridi-
mtion conditions for each molecular probe are presented in
Table 2.

Fluorescent ixa situ hybridization. The method was carried out
a previously described by Rycroft et al. (2001) and Tuohy
e al. (2001b).

Samples were fixed overnight (4°C) in 4% (w/v) paraformalde-
hvde. Fixed cells wete centrifuged at 15000g for Smin and
washed twice in 1ml filtered PBS. The washed cefls were re-
suspended irx 150 gt PBS and stored in ethanol {(1/1 v/v} at —20°C.

Following overnight hybridization with each probe, the
fixed cells were washed and vacuum filtered (2um poly-
carbonate isopore membrane filter, Millipore UK Litd,
Watford, UK). They were then mounted onto a glass slide
with 204l of slowfade to prevent fading of fluorescence
{Molecular Probes, Leiden, The Netherlands). The fluores-
cent cells were enumerated using the Fluor 100 lens (Eclipse
400 epifluorescent microscope, Nikon, Kingston upon
Thames, UK). Fifteen different random fields of view were
counted on each slide.

Gastrointestinal symptoms and stool characteristics

Volunteers were asked to keep diaties throughout the study
to record stool frequency (bowel movements per day} and
consistency (constipation, hard, formed or diarrhoea) on a
daily basis. Abdominal pain, stomach or intestinal bloating
and flatulerice were also recorded as none, mild, moderate or
severe and were given a numerical score ranging from 0 for
none, up to 3 for severe symptoms. Data obtained from
yolunteer cliaries were used to determine gastrointestinal
tolerance and symptoms throughout the study.

Table 2 Probe sequences and hybridization/washing temperatures

Probe name  Sequence Hybridization/
washing
temperature (*C)
Bac303 5 -CCAATGTGGGGGACCTT-3f 45
Bif1 64 5-CATCCGGCATTACCACCC-3 50
Chis1 50 ¥ TTTCCYTCTAATTATGGCGTATE-5 50
Lab} 58 S -GGTATTAGCA(T/CYCTGTTTCCA-3! 50

Bac303 is specific for Bucteroides — Prevatella, Bif 164 for Bifidobacterium genus,
Chis 150 for Clostridium perfringens histolyticum subgroup and Lab158 for
Lactobacillus — Enterococcus.

Statistical analysis

The primary efficacy variable was considered to be the
change in bacterial numbers from baseline to the end of each
treatment for each bacterial species and total bacterial count.
All bacterial concentrations were expressed in log;ecells/g
faeces.

Paired #tests were used after logarithmic transformation to
determine if there was a statistically significant difference
between placebo and each of the two treatments. The
differences between the treatments were estimated with
9584 confidence intervals,

A correlation analysis was performed to determine
whether there the magnitude of change in bacterial
levels depended on initial bacterial concentrations. The
null hypothesis was that the change in bacterial levels
after treatment did not depend on initial bacterial levels.
The critical value of the correlation coefficient (fepncar)
for 28 degrees of freedom (df=n-2 for a two-tailed test,
where 1 is the number of observations) was reggiea; =0.361
at 95% confidence intervals. Where the absclute calculated
value of r was greater than the wvalue of roysea the
rull hypothesis was rejected the aiternative hypothesis was
accepted.
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Results

Faecal bacterial populations present in 30 volunteers
throughout the study period are presented in Table 3.
Changes in total faecal bacteria numbers and the levels of
four of the numerically significant and functionally impor-
tant bactetial populations in human faeces, namely Bifido-
bacterivern, Bacteroides — Prevotella, C. perfringens — histolyticurn
subgroup and Lactobacillus — Enterococcus, were monitored
using fluorescent in sity hybridization (FISH) and are
expressed in logys cells/g faeces, Bacterial numbers were
obtained at baseline (start of trial), at the end of treatment 1
(8 g/day maltodextrin-placebo), end of washout 1, end of
treatment 2 (5g/day inulin, 3 g/day maltodextrin), end of
washout 2 and at the end of treatment 3 (8 g/day inulin).
Bacterial levels at the end of each treatment period were
compared to their respective baseline and statistical signifi-
cance of the results evaluated using the paired f-test at 95%
confidence intervals.

At baseline, bacteroides and bifidobacteria were the
numerically predominant bacterial populations in faeces
(10.06 +0.24 logyg cells/g faeces and 9.61+0.311og o celis/g
faeces, respectively), whereas C. perfringens — histolpticum
subgrowup and Lactobacilli — Enterococct existed at lower levels
(8.66 + 0.38 logpcells/g faeces and 9.22140.22log g celis/g
faeces, respectively).

Bifidobacteria did not exhibit any statistically significant
change upon ingestion of the placebo sachets (8g/day
maltodextrin) with respect to baseline levels.

A significant increase was observed in bifidobacteria
at the end of the second treatment (5 g/day inulin, 3 g/day
maltodextrin) with respect to placebo (P<0.05), washout 1
(P==0.01) and baseline (P<0.01} levels. Overall, 20 of the
30 volunteers responded to inulin supplementation at
Sg/day. The average initial Bifidobacterium levels were
generally lower (9.5340.25 logg cells/g faeces) in volunteers
that responded to the treatment as compared to mean

Bifidobacterium levels in volunteers that did not respond
to treatment (9.76+0.30loggcells/g faeces, P=10.05).
There was a negative correlation between initial levels
and the magnitude of increase in bifidobacterial numbers
at the end of the low inuiin dose treatment (r=-0.523,
P=0.010).

Similarly, the higher inulin dose (8 g/day), also resulted in
a statistically significant increase in bifidobacterial levels
with respect to washout 2 (P<0.05), placebo (P=0.05) and
baseline {(P=0.01) numbers., Twenty-five volunteers re-
sponded to the high inulin treatment. The average initial
bifidobacterial levels in the volunteers that responded to the
higher dose were lower (3.62:+0.321og,qcells/g faeces) than
those of non-responders (9.8140.30logpcells/g faeces),
(#=0.05). Seven of the volunteers that did not respond to
the low-dose treatment responded to the high dose, whereas
three volunteers did not respond to any of the treatments.
Two of the volunteers that exhibited an increase in
bifidobacteria with the low-dose treatment did not respond
to the high inulin dose and only exhibited small decreases in
bifidobacterial levels, Again, there was a negative correlation
between initial levels and the magnitude of increase in faecal
bifidobacteria (r=—0.438, P<0.05).

C. perfringens - histolyticum subgroup exhibited no sig-
nificant increase upon ingestion of the placebo treatment
with respect to baseline levels. Numbers showed a significant
increase at the end of washout 1 as compared to levels at the
end of the placebo treatment (P<0.01). Twenty-five volun-
teers exhibited increased C. perfringens — histolyticum sub-
group levels. Their numbers stabilized hereafter and there
was no significant change at the end of the low-dose
treatment compared to washout 1 levels. There was a
significant decrease-in C. perfringens — histolyticum subgroup
at the end of the high-dose treatment with respect to levels
at the end of washout 2 (P<0.01). Overall, they decreased in
25 out of 30 volunteers but were still significantly higher
than baseline and placebo levels (P<0.001).

Table 3  Mean bacterial counts obtained through FISH enumeration, expressed in logiecells/g faeces, +s.d.

Bifidobacterium Bacteroides — Prevotalla  Clostridium perfringens - hystolyticum subgroup  Lactobacillus ~ Enterococcus

Total cells

Mean +sd. Mean  +s.d. Mean +5.d. Mean +s5.d Mean +5.d
Baseline 10,61 030 9.61  0.31 10.06 0.24 8.66 0.38 9.22 0.22
Treatment 1 10.69 0.20 9.64  0.23 10.15 0.14 8.68 0.49 9.66 0.31
Washout 1 10.70 021 9.61  0.29 10,24 0.14 9.36* 0.56 9.71 0,18
Treatment 2 10.62 0.19 9.78%  0.29 10.15 0.17 9.51* 0.22 949" 0.32
Washout 2 10.61 022 9.65  0.32 10.22 0.18 9.60* 019 9.09 6.21
Treatment 3 10.61 0.26 9.79° 0.38 10.08 0.24 9,341 0.28 910 0.24

Abbreviations: FISH, flucrescent in sifu hybridization; s.d., standard deviation.

Samples were obtained at the start of the study (baseline), end of treatment 1 {placeba), end of washout 1, end of treatment 2 (5 g/day inulin), end of washout 2

and at the end of treatment 3 (8 g/day inulin).

!significant increase with respect to baseline (P<0.01), placebe (P<0.05) and washout levels (P=0.01).
ESignificaint increase with respect ta baseline (P=0.01}, placebo (P=0.05) and washout levels (P<0.05).

*Significant increase with respect to basetine levels (P<0.001).
TSignificant decrease with respect to washout levels (P<605).
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Lactobacillus — Enterococcus increased significantly during
the placeho treatment with respect to baseline levels
{P<0.01) in 29 volunteers, remained stable during washout
i and did not return to baseline. Numbers at the end
of washout 1 were still significantly higher than baseline
P<0.01). At the end of the low inulin dose treat-
nent, Lactobacillus — Enterococcus significantly decreased
with respect: to washout 1 (P«<0.05). At the end of washout
2, they returned to pretreatment levels. No significant
thange was observed between washout 2 and treatment 3
numbers.

Total bacteria and bacterotdes numbers did not exhibit any
significant variation throughout the duration of the trial.

Gastroinlestinial symptoms

Results frome the volunteer diaries are summarized in Table 4.
The higher the score the higher was the severity of the
gastrointestinal symptom,

Although thete was a wide range of responses noted by the
volunteers with respect to the frequency and severity of
gastrointestinal symptoms the only statistically significant
thange observed was an increase in stool pumber (P = 0.029),
intestinal bloating (P=0.011) and flatulence (P<{.001)
upon ingestion of the low-dose inulin treatment with respect
to washout levels, The only significant effect of the placebo
treatment wwas an increase in abdominal pain (P=0.014).
Volunteers -were alse asked to record stool consistency as
hard, formed or soft throughout the trial duration. Despite
fhe wide range of responses given by different volunteers,
there were mo significant differences between the different
treatments ‘with the majority reporting formed stools.

Discussiory

The aim of this study was to determine the bifidogenic
sfficacy of two doses of inulin formulated as chocolate
powder driraks, in a double-blind, placebo-controlled, cross-
over study of 30 healthy volunteers. The trial was structured
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as three, 2-week test periods during which volunteers
corasumed a placebo chocolate drink, a low dose (5 g/day)
ancd a high-dose (8 g/day) inulin chocolate drink. The first
two test periods were followed by a 1-week washout to avoid
the effect of one treatment being carried over to the next.
FISH was used to determine populations of faecal Bifido-
bacterium genus, Lactebacillus — Enterococcus, Bacteroides —
Prevotella and G. perfringens — hystolyticum subgroup.

A wide variation in bacterial levels as well as magnitude of
response on microflora was observed between the 30
volunteers participating in the trial, upon ingestion of the
three different treatments, This was expected as composition
of the bacterial microflora varies greatly among different
individuals both quantitatively and qualitatively (Tuohy
et czl., 2001b) resulting in a different response to the study
treatments.

The placebo treatment had no significant effect upon
any of the bacterial groups enumerated for, apart from
Lactobacillus — Enterococcus, which increased significantly.
This effect was retained during washout 1 and levels
gradually decreased at the end of the low inulin treatment
to reach approximately baseline nmumbers at the end of
washout 2 and the 8 g/day treatment. As all treatments had
identical formulations apart from the active ingredients, it
can be assumed that the stimulatory effect on Lactobacillus —
Enterococcus was due to the maltodextrin content of the
chocolate powder (Engfer ef al,, 2000). The maltodextrin
used in this study (DP = 50) may have not been accessible to
amylase digestion due to the poor solubility of the placebo
chocolate drink. The low-dose inulin treatment delivered
3 g/day maltodextrin along with 5g/day inulin, that sus-
tainxed Lactobaciilus — Enterococcus at the end of this treatment
at levels significantly higher than baseline concentrations
(P=0.001) despite a significant decrease with respect to
washout 1.

Although the placebo treatment had no significant effect
on C. perfringens — hystolyticum subgroup, numbers signifi-
cantly increased during washout 1 and remained signifi-
canntly higher than baseline levels throughout the study.
Ingestion of active treatments did not suppress C. perfringens

Tabte 4 Surmymary of data obtained from diaries completed by 30 volunteers during the three treatment and two washout periods of the trial

Gastrointestinal symptoms

Stool number Abdominal pain Intestinal bloating Flatulence
Mean +s.d. Mean +s.d. Mean +s.d. Mean +5.d.
Placebo 1.478 0.674 0.143% 0.165 0.337 0.452 0.672 0.567
Washout 1 1.428 0.888 0.07% 0.181 0.251 0,412 0.685 0.603
§g/day inulin 1.508* 0.633 0.175 0.295 0.418* 532 0.9428 0.672
Washout 2 1.379 0.567 0.121 0.288 0.159 0,344 0.544 0.558
8g/day inulin 1.461 0.7345 0.154 0.224 0.363 0.566 0.733 0.655

Seatistically sicynificant incraase in stool number (P==0.029) compared to washout.
#Seatistically si gnificant increase in intestinal bloating (P=0.011) compared to washout.
Statistically sigynificant increase in flatulence (P<0.001) during the low dose treatment.
Statistically sigynificant increase in abdominal pain (P=0.001) compared to washout.
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- histolyticum subgroup to baseline/placebo numbers. Apart
from cettain restrictions concerning the intake of probiotic
and prebiotic containing foods, this was otherwise a free-
living human study and participants were allowed to ingest
their normal diets. As such, changes in the faecal microfiora
due to seasonal or other factors not related with the intake of
the test drinks could be avoided. This may also, in part,
account for the increase in Lactobacillus — Enterococcus levels
observed during the placebo period.

The effect on bifidobacteria populations was clearer. Both
the low and the high doses had a statistically significant
stimulatory effect on the faecal bifidobacterial microbiota.
Although more volunteers responded to the higher dose, the
bifidogenic effect was approximately the same with both
treatments and no dose-response relationship was observed.
Nevertheless, a negative correlation existed between initial
faecal concentrations of bifidobacteria and the magnitude of
increase during both active treatments. The higher the initial
numbers of bifidobacteria the smaller was the bifidogenic
effect, ‘The same effect has been observed in previous studies
(Roberfroid et al, 1998; Tuohy et al., 2001b} and suggests
that in cases where initial numbers of bifidobacteria are
sufficiently high, a marked bifidogenic effect may not be
observed. The majority of volunteers participating in this
study had high initial levels of bifidobacteria. There may
have been a more apparent dose effect if a study population
with lower initial bifidobacteria levels had been investigated
but the target group chosen here was the general healthy
population. The fact that both inulin doses promoted
bifidobacterial growth is of importance as it is essential to
establish the efficacy of inulin to exert a bifidogenic effect on
the gut microflora at lower doses. When excess fermentable
oligosaccharides are delivered to the colon side effects such
as bloating and flatulence may occur. If the fermentation
capacity of saccharolytic organisms in the colon is saturated,
the excess substrate will be available to organisms that may
generate gas (unlike the bifidobacteria). As previously
mentioned, tolerance to inulin varies among individuals
(Tuochy et al., 2001a). In general, both active treatments were
well accepted by the human volunteers and all subjects
completed the study. There was a significant increase in stool
frequency, intestinal bloating and abdominal pain during
the low-dose treatment that was not observed during the
higher dose. This suggests that recruits may adapt to inulin
o1 that volunteers may become accustomed to experiencing
the symptoms, which become less noticeable. On the other
hand, during the higher inulin dose supplementation, C.
perfringens — histolyticum subgroup levels exhibited a statisti-
cally significant decrease with respect to the low dose
(P<0.05), However, as previously mentioned clostridia levels
did not return to baseline/placebo and gastrointestinal
symptoms were slightly but not significantly elevated with
respect to placebo. Bifidobacteria do not produce gas during
carbohydrate fermentation, whereas clostridia are prolific
gas producers, This may explain why the high dose was
better tolerated.

Eurepean journat of Clinical Nurition

The most important attribute of a prebiotic, along with
resistance to digestion in the upper gastrointestinal tract, is a
stimulation of beneficial bacterial populations in the colon,
with the main target being bifidobacteria. The anatomy of
the human colon makes it largely inaccessible to routine
sampling and, although a compromise, the use of faeces as
an indication of the composttion of colonic luminal content
provides invaluable insight on the bacterial population
changes, The fact that increased faecal bifidobacteria levels
were observed shows that inulin ingestion promoted their
growth in the gut.

The bifidogenic efficacy of Inulin at 5 and 8g/day
formulated in a processed food product was investigated
and demonstrated in vivo in 30 healthy human volunteers in
this study. Previous studies by Tuohy et 4l. (2001b)
established the bifidogenicity of prebiotic biscuits, but no
atternpt was made to Investigate the efficacy of different
prebiotic doses. Moreover, here, monitoring of bacterial
pepuiations throughout the human trial was performed
using FISH, a molecular based method that accurately
identifies and quantifies bacterial populations in sitw.
Although the technique was developed several years ago
and has proven efficiency, the majority of studies investigat-
ing the prebiotic effect of inulin have employed bacterial
culture methods to monitor bacterial changes. The lack of
selectivity of such methods impedes the accurate evaluation
of prebiotic efficacy. Indeed, two recent studies on the
bifidogenic efficacy of long chain inulin report conflicting
results. At 8g/day long chain inulin was found to effect a
significant bifidogenic effect when bacterial changes were
monitored through FISH (Tuohy et al., 2001a) but not at
10g/day when bacterial culture was used (Bouhnik et al.,
2004). The latter result may have occurred because of the use
of culture-based technologies and their lack of selectivity,

In conclusion, inulin exerted a bifidogenic effect in
healthy human adults at doses of 5 and 8 g/day. In light of
both doses proving effective, the higher dose may be
preferable as no significant side effects were noted and a
higher percentage of the study population responded to the
treatment,
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Supplementation of infant formula with native inulin
has a prebiotic effect in formula-fed babies

Sook-He Kim pip', Da Hee Lee Php' and Diederick MeyerPhD’

! gorea Food and Nutrition Foundation, 1523 Punglim VIP-Tel, 404 Gongduk-Dong, Mapo-Gu, Seoul, 121-

718, Korea

? Sensus, Borchwerf 3, 4704 RG, Roosendaal, Netherlands

Objectives: In this study we investigated the effects of native inulin in formula-fed babies. The influence of inu-
n on the microbial composition, pH, consistency and amount of faeces, and on frequency of defecation was
assessod. Methods: Tn this study a daily dosage of 0.25 g/kg/d was used: 3 weeks of inulin consumption were
followed by 3 weeks without or vice versa. The study group consisted of 14 babies with an average age of 12.6
weeks (£ 6.4 weeks) and the average intake of inulin was 1.5 (+ 0.3) g/d. Results: The consumption of inulin
increased the content of Bifidobacterium and Lactobacillus in the facces of formula-fed babies, without affect-
ing the number of Bacteroides or the total anaerobic count. With inulin there was a trend for stools to become
softer and for the amount of faeces to increase significantly. Frequency of defecation was not affected by the
consumption of inulin. No adverse effects were reported during the periods of inulin consumption. Conclusions:
We conclude that, with native inulin, a prebiotic effect can be observed in formula-fed babies. Inulin may there-

fore be a useful ingredient in infant formulae,

Key Words: inulin, babies, colonic microbiota, infant formula, prebiotic

Introduction

Tnulins are - (2,1)-fructans that occur as a reserve carbo-
hydrate in many plants, ! As such we consume these com-
ponents in moderate amounts with our daily diet. They are
found in vegetables such as wheat, onions and leeks and in
fruits such as bananas. Inulins ate also available as a food
ingredient and are used in a wide variety of food products.
Mary applications of inulins are based on the prebiotic
features of these fructans: they are able to stimulate growth
of bifidobacteria in the human colon, thereby possibly
providing health benefits to the host* This property may
also be useful in baby food formulae, which serve to re-
place mother’s mille.

Next to lactose (68 g/D), fat (37 g/1) and protein (10-12 g/l)
human milk also contains 10 — 20 g/! of oligosaccharides.
These oligosaccharides have a complex molecular structure
and consist of a variety of sugars. Galactose, glucose,
fucose, N-acetylglucosamine and sialic acid are the con-
stituents of these oligosaccharides.® This rich diversity is
unique to human milk, They are not digested in the babies’
gastrointestinal tract * and a variety of functions are attrib-
uted to them, including prebiotic activity and anti-infective
action.” Other factors such as the presence of lactoferrin
and lysozyme and the fow buffer capacity also play a role
in the prebiotic propetties of humnan breast milk.*

Distinctive diffcrences in intestinal microbiofa between
breast fed babies and bottle fed ones have been reported 7
Bifidobacterium and Lactobacillus are the main species
found in breast-fed babies, while formula-fed babies have
an aduli-type flora with a predominance of Strepfcoccus,
Enterobacteriaceae and Bacteroides. One of the purported

beneficial properties of Bifidebacterium and Lactobacillus
is activation of the immune system ‘*'! and it has been
suggested that the fact that bottle fed babies' death rate and
infection of contagious discases is significantly higher than
that of breast-fed babies '* is related to this difference,
Obviously these differences in microbial composition are
caused by differences in the composition of human breast
milk and formula milk.

In bovine milk the oligosaccharides described above are
absent, meaning that baby formulac based on cow’s milk
Tack these prebiotic properties. In order to improve the
functionality of baby formulae aitempts are made to im-
prove the nutritional features by including prebiotic oligo-
saccharides “® '3 or probiotic bacteria*® !¢

For the prebiotics applied so far much attention has been
paid to oligosaccharides derived from sucrose and inulin
(fructo-oligosaccharides”) or lactose (galacto-oligo-
saccharides), or mixtures thereof."” Native inulin (a natural
polydisperse mixture of fiuctan polymers derived from
chicory roots) has not been tested in baby formulae thus far.
In this study we investigated the effects of inulin on the
microbial composition of the faccal microbiota and stools
of formula-fed babies.
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Metheds & Materials

Subjects and experimenial design

The subjects were 14 infants (male: 10, female: 4) living
in the orphanage of the Civic Children's Hospital {Seoul,
Korea) aged on average 12.4 weeks (see Table 1). All
were bottle fed before the weaning period and in good
health.

The subjects were randomly assigned to either Group 1
(7 subjects, 5 male, 2 female), which started with the inu-
lin treatment, or Group 2 (7 subjects, 5 male, 2 female),
which started with the control treatment {formula without
native inulin). For the inulin treatment the subjects were
fed milk formula containing inulin (0.25 g/kg/d) three
times a day for three weeks; the control treatrment con-
gisted of the same formula without the inulin supplement.
Appropriate amounts of inulin were mixed with the pow-
der formmula, After 3 weeks the treatment was switched;
there was no washout period between the treatments. Fae-
cal samples were collected as described below after 3
weeks of treatment and after 6 weeks of the reverse treat-
ment,

Native inulin (Frutafit® IQ) was supplied by Sensus
{Roosendaal, Nethetlands). The composition of the pow-
dered formula is given in Table 2.

The study protocol was approved by the Medical Fthi-
cal Commitiee of the hospital. The hospital received a
financial compensation for contributing to this study,

Analysis

Faeces collection

Faeces was collected from the subject's diaper just after a
bowel movement, mixed with sterilized phosphate buffer

(10 %, wiw, 0.2 M sodium phosphate, pH 7.0), frozen and

stored until firrther analysis.

Analysis of microbial composition of faeces

The total numbers of anaerobic bacteria, Bifidobacterium,
Lactobacillus, and Bacteroides were determined by plate
counting. A sample of frozen faeces (0.5 g) was homoge-
nized in 4.5ml sterilized 0,2 M sodium phosphate buffer,
pH 7.0. This homogenate was further diluted as appropri-
ate for inoculating the various media. BL agar (Difco
C220-17, USA) was used for total anaercbic bacteria, BS
agar medium (Bifidus selective agar mediom) added to
BL agar with antibiotic for Bifidobacteria, M-LBS agar
medium (Lactobacilius selective agar medium), and
NBGT agar medium for Bacteroides. The composition of
the various media is found in detail elsewhere '*. Each
diluted solution was spread on the selective agar medium
and cultivated anaerobically at 37 C for 72 houts.

Examination of bowel parameters

The amount of facces and frequency of defecation were
recorded at a daily basis by the hospital murses. The
amoumnt of the excreta was determined by weighing the
diapers and subtracting the weight of an empty diaper.
Consistency of the faeces was scored on a scale from 1-4,
in which 1 was watery, 2 was muddy, 3 was clay-like and
4 was hard pellets. The records of the hospital also

tracked data on the babies’ health situation during the trial.
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Table 1. Characteristics of the subjects
Parameter Average (rangoe) Sb
Age (wks) 12.6 (3-24) 6.4
Initiaf weight (g) 5006 (3750-6960) 1169
Final weight (g) 5926 (A630-7640) 1019
Weight gain () 9 21 (170-1920) 604
Growth (g/wk) 153 (28-320) 101
Tnulin intake (g/d) 1.5 (1.0-1.75) 0.3

TFhe average data and standard deviatjon were calculated for all 14
subjects. Final weight and weight gain were measured after 6
weeks,

Table 2., Composition of baby food formula.

Component Per 100 g
Fat (g) 270
Linoleic acid (g) 3.5
y-tinolenic acid (mg) 14.0
DHA (mg) 70.0
Arachidonic acid (mg) 22.0
Protein (g} 12.2
Carbohydrate {g) 56.0
Oligosaccharides (g}t 1.5
Minerals (g} 1.52
Vitamin mix (mg)t 94.4
Others components (mg)§ 805.0
Energy content (keal) 516.0

A mixture of raffinose, galactocligosaccharide and fructooligo-
saccharide was used (each 500 mg per 100 g); § Vitamin A (1700
1y, vitamin B1 (0.3 mg), vitamin B2 (0.6 mg), vitamin B6 (0.3
mg), vitamin B12 (2 pg), vitamin C (50 mg), vitamin D3 (380
TU), vitamin E (6 1U), nicotinic amide (5 mg), folic acid (100 pg),
biotin (20 pg), pantothenic acid (3 mg), inesitol (35 mg} and -
carotene (60 pg); § L-arginine (480 mg), L-cysteine (200 mg),
taurine (30 mg), lactoferrin (80 mg), macleotide (15 mg}

Statistical analysis -

Mean and standard deviation were calculated for all vari-
ables. A t-test was used to determine statistical signifi-
cance {two-sided; p< 0.05) between the treatments. The
frequency and consistency of bowel movements were
analyzed by the chi-square test,

Results

Growth

Table | shows the overall characteristics of the babies. No
differences in growth were observed between the periods
of imulin-treatment and the periods without inulin: aver-
age weight increase with inulin was 509 (& 372) g in 3
weeks, whereas without inulin this increase was 411 (&
394) g in 3 weeks (p=0.5051). Also there were no adverse
effects (like diarrhoea) observed during the control and
inulin treatments.

Microbial composition of faeces

The microbial compesition of the faeces with and without
inylin treatment is shown in Table 3. The content of total
anaerobic bacteria and Bacteroides did not differ between
the two treatments. A trend was found for the total num-
ber anaerobic bacteria increasing with inulin treatment
(p=0.0618) and for Bacferoides no significance was
reached (p=0.5224). A significant increase in Bifido bac-
terium sp. was found when the numbers of control treat-
ment and inulin-treatment were compared (p=0.0163).
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Table 3. Microbial composition of faeces

Tabke 4. Stool parameters

Bacteria Tnudin treaiment Controf treatment
Total anaerobes 10.58 (0.224) 10.27 (0.344)
Bacteroides 9.51 (0.389) 9.40 (0.344)
Bifidobacterium 9.85 (0.523) * 9.22 (0.741)
Lactobacillus 9.09 (0.377) * 8.61 {0.741)

All data are expressed in log colony forming units per g of faecal
matter as the average of 14 subjects with the standard deviation in
parentheses, Data with * in the same row are significantly ditfer-
ent (p < 0.05).

Parameter Tnulin freatment  Control treatment
pH 631 (0.34) 6.51 {0.49)
Consistency L8 (2.7) 24(4.2)
Amount {g) 167 (30) ** 75(30)
Frequency 1.6 (2.4} 1.2 (1.6)

All data are given as the average of 14 measuroments with the
standard deviation in parentheses. Faecal pH and amount {in g)
were measured as described, consisteney was scored on a scale from
1-4 (watery to hard). Data with ** in the same row are significantly
different (p < 0.01}.
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Figare 1. ncrease in Bifldobacterium sp. in formula-fed babies as a function of the original number of Bifidebacterium sp. The
faecal content of Bifidobacteritm sp. was determined without and with inulin supplementation of the forsula, and the logarithmic

increase was calculated,

When the individual results were plotted against the
original value of bifidobacteria, il was observed that,
when the starting value was lower, a higher increase was
found (Fig 1). It is also noteworthy that two subjects
showed no response during inulin treatment (Fig 1).

For Lactobacilius sp. a significant increase during inu-
lin-treatment was found (p= 0.020).

Effects on stools

Despite the large variations in the various parameters of
bowel habit (as shown by the large standard deviations;
see Table 4) some differences and trends could be dis-
cerned. The pH of the facces decreased slightly during
irmilin treatment (from 6.51 = 0.49 to 6,31 £ 0.34), but this

decrease did not reach statistical significance (p = 0.2206).

Defecation frequency was increased slightly compared
to control, from 1.2 (+ 1.6) times per day to 1.6 (= 2.4)
times per day during inulin treatment (5=0.1900), whereas
faecal consistency became softer following 3 weeks of
inulin-treatment. A trend towards a decreased consistency
was found: it changed from an average 2.4 (= 4.2) to 1.8
(+2.7; p=0.0584). We found an increase in the amount of

faeces: during imilin treatment the amount was 167 (& 80)
g versus 75 (+ 30) g during the control (p= 0.0088). The
magnitude of the changes in stool parameters was not
correlated with the magnitude of the changes in microbial
composition of the faeces; for instance, changes in faecal
consistency as described above were not correlated with
the change in content of bifidobacteria or lactobacilli
{data not shown).

Discussion

This study shows that supplementation with native inulin
of a standard infant formula containing oligosaccharides
has a prebiotic effect in formula-fed Korean babies: an
increase of Bifidobacterium sp. and Lactobacillus sp. was
found. At the same time there was no increase in Bacter-
oides sp. or in total anaerobic count. Plate counting tech-
niques were used to assess changes in microbial composi-
tion of the faeces. Despite the potential shortcomings of
these techniques the data clearly show prebiotic changes
in this composition. The numbers of Bifidobacterium,
Lactobacillus and Bacteroides which are found with other
techniques (e.g. FISH or DGGE “% 1%y do not deviate from
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what we find in this study. In the study by Favier et al. *
these genera were identified by molecular methods as the
major comstituents of an infant’s faecal microbiota.
Moreover, Bochm et al. 2 uging plate counting, Teport
similar numbers in microbial composition of the faecal
flora of formula-fed babies.

The changes in microbial composition were accompa-
nied by changes in faecal consistency and amount. Only
the latter reached statistical significance, but with the
trend observed for consistency the data are indications
that inulin leads to enhanced fermentation in the colon. In
this respect our data are not essentially different from the
data found in adults. >

The dosage at which these effects were observed in
babies seems lower than published for effects in adults.
When compared on a body weight basis however, the
difference is much less or even absent. For native inulin
prebiotic effects in adults have been reported in the range
from 0.2 g/kg/d @ to 0.5 go/kg/d. P The dosage applied in
our study (0.25 g/kp/d) is well within this range.

On the other hand, when compared with the dosages
used by others in studies with babies, the dosage i the
present study seers low. For instance, in their study with
preterm infants Boehm et al. '** used about 1 g/kg/d of
the oligosaccharide mixture {a mixture of short chain ga-
lacto-oligosaccharide and long chain inulin, 9:1, w/w).
Similar dosages were applied in other stadies.”" Low
dosages of fructoofigosaccharides were without effect on
the faccal microbial composition.'” An explanation may
be that the subjects in our study already were being bot-
tle-fed for a considerable time on a formula containing
oligosaccharides. The total daily dosage is therefore
higher than from the addition of the native inutin alone. It
may also be that the chain length distribution of native
inulin was suitable for a prebiotic effect. Boehm et al. u
have shown that fructooligosaccharides alone do not ex-
hibit a bifidogenic response '7 whereas a mixture of these
cligosaccharides with long chain inulin does have such an
effect. They supgested that the mixture has a chain length
distribution more or less equal to that of the oligosaccha-
rides in mother’s milk. In line with this we suggest that
the chain length distribution present in native inulin with
a degree of polymerization ranging from 3 to 60 also fa-
vours a bifidogenic effect.

The dosage is also low when compared to mother’s
milk, which contains 10-20 g/l of oligosaccharides. Not
all of these carbohydrates show bifidogenic properties;
probably ocaly the low molecular weight saccharides are
responsible for this effect.?® This implies that the daily
prebiotic dosage obtained from mother’s milk is lower
than expected from the concentration alene.

The type of dose response curve {(a higher bifidogenic
response with a lower starting value of Bifidobacterium
sp.) has also been reported for aduits.*** In adults it is
also not uncommon to find individuals who do not re-
spond to inulin consamption in terms of changes in faecal
microbial composition.”® Taken together it follows from
our data that in formula-fed babies native inulin behaves
as a prebiotic in much the same way as in the adult popu-
lation.

Next to the bifidogenic effect we also found a clear
positive effect on the faecal Lactobacillus content. For

adults significant changes in this genus have not been
reported “*®, but in infants Boehm et al. 2 and Moro et al.,
3 showed increases in Lacfobacillus sp. similar to the
present study. It may well be that the longer fructan
chains as present in native inulin are responsible for this
stimulatory effect on Lactobacillus.*

Both the increase in Bifidobacterium and Lactobacillus
could have heaith benefits. With regard to the difference
in Bifidobacterium composition in allergic and healthy
infants 3 it could be interesting to study the effects of
native inulin on the allergic response of nfants. There are
already indications that inulins may affect the immune
system in a positive way.”™” Inulins may stimulate min-
eral absorption in infants just as they do in adults.™

In sommary we conclude that the addition of native
inulin to baby formula elicits a prebiotic response in for-
mula-fed babies. The significant increase in stool amount
and the trend for softer stool consistency due to inulin
consumption may offer benefits to infants that suffer from
constipation or hard stools. Native mulin may therefore
help improve the babies’ health. Further rescarch is re-
quired to show the health benefits.

Acknowledgement
The study was supported financially by Sensus, Roosendaal,
Netherlands and DM is manager scientific affairs with Sensus,

References

I Viin I, Smeekens $. Fructan: more than a reserve carbo-
hydrate. Plant Physiol. 1999; 120: 352-359.

2. Gibson GR, Roberfroid M. Dietary modulation of the
human colonic microbiota: introducing the concept of
prebiotics. I Nutr 1995; 125: 1401-1412,

3. Kunz,C, Rudloff S, Baier W, Klein N, Strobel S. Ofigo-
saccharides in human milk: structural, functional and
metabolic aspects. Anm Rev Nutr 2000; 20: 699-722.

4. Engfer MB, Stahi B, Finke B, Sawatzki G, Daniel H.
Human milk oligosaccharides are resistant to enzymatic
hydrolysis in the upper gastrointestinal tract. Am J Chn
Nutr 2000; 71: 1589-1596,

5. McVeagh P, Miller JB. Human milk oligesaccharides:
only the breast. J Paediatr Child Health 1997; 33: 281-
186,

6. Walker WA, Role of nutrients and bacterial colonization
in the development of intestinal host defence. T Pediatr
Gastroenterol Nutr 2000; 30: S2-587,

7. Balmer SE, Wharton BA. Diet and faccal flera in the
newborn: breast milk and infant formula. Archiv Dis
Child 1989; 64: 1672-1677,

8. Kim SH, Kang K. Distribution of Bifidobacterium in
feces of Korean infants, Korea J Dairy Sci 1984; 6: 126-
134,

9. Harmsen HIM, Wildeboer-Veloo ACM, Raangs GC,
Wagendorp AA, Kicin N, Bindels JG, Welling GW.
Analysis of intestinal flora development in breast-fed and
formula-fed infants by using molecular identification and
detection methods. J Pediatr Gastroenterol Nutr 2000; 30:
61-67.

10.  Sekine K, Toida T, Saitc M, Kuboyama M, Kawashima T,
Hashimoto Y. A new morphologically characterized cell
wall preparation {whote peptidoglycan) from Bifidobacte-
rium infantis with a higher efficacy on the regression of
an established tumor in mice. Cancer Res. 1985; 45:
1300-1307,



176

Effect of irmlin in formula-fed babies

11.

12.

13.

14,

15,

16.

7.

18.

19.

20.

21.

Yacshima T. Benefits of bifidobacteria to human health.
Buli int Dairy Federation: 1996; 313: 36-42,

Arnon 88, Damus K, Thompson B, Midura TF, Chia J.
Protective role of human milk against sudden death from
infant botulism. J Pediatr 1982; 100: 568-573.

Moro G, Mineli I, Mosca M, Fanaro S, felinck J, Stahi B,
Boehm (. Dosage-related bifidogenic effects of galacto-
and fructooligosaccharides in formula-fed term infants. J
Pediatr Gastroenterol Nutr 2002; 34: 291-265,

Moro GE, Mosca F, Miniello V, Fanaro 8, Jelinek I,
Stahl B, Boehm G. Effects of a new mixture of prebiotics
on faecal flora and steols in term infants. Acta Paediatr
Suppl 2003; 441: 77-79,

Boehm G, Fanare 8, Jelinek I, Stahi B, Marini, A. Pre-
biotic concept for infant sutrition. Acta Paediatr Suppl
2003; 441: 64-67.

Haschke F, Wang W, Ping G, Varavithya W, Podhipak A,
Rochat F, Link-Amster H, Pfeifer A, Diallo-Ginstl E,
Steenhout P. Clinical trials prove the safety and efficacy
of the probiotic strain Bifidobacterium Bb12 in follow-up
formula and growing-up milk. Monatsschr Kinderheilk
1998; 146: $26-530,

Guesry PR, Bodanski H, Tomsit E, Aeschlimann JM.
Effect of 3 doses of fructo-oligosaccharides in infants. §
Pediatr Gastroenterol Nutr 2000; 31: 8252

Mitsucka T, Flidaka H, Eida T. Effect of fiucto-
oligosaccharides on intestinal microflora. Die Nahrung
1987; 31: 427-436.

Harmsen HIM, Raangs GC, Franks AH, Wildeboer-
Veloo ACM, Welling GW. The effect of the prebiofic
inulin and the probiotic Bifidobacterium lengum on the
fecat microflora of healthy volunteers measured by FISH
and DGGE. Microbial Ecol Health Disease 2002; 14:
211-219.

Favier CF, Vaughan EE, De Vos WM, Akkermans ADL.
Molecular monitoring of bacterial commsnities in human
neonates. Appl Environm Microbiof 2002; 68: 219-226,
Boehm G, Lidestri M, Casetta P, Jelinek J, Negretti F,
Stahl B, Marini A. Supplementation of a bovine milk
formuta with an oligosaccharide mixture increases counts
of faecal bifidobacteria in preterm infants. Arch Dis Child
Fetal Neonatol 2002; 86: FI78-F181,

22,

23.

24.

25.

26.

27.

28.

29,

30.

31.

32.

33.

Gibson GR, Beatty ER, Wang X, Cummings, JH. Selee-
tive stimulation of bifidobacteria in the human colon by
oligofructose and inulin. Gastroenterclogy 1995; 108:
975-982,

Kleesser B, Sykura B, Zunft HJ, Blaut M. Effects of
tnulin and lactose on faecal mieroffora, microbial activity
and bowe] habit in elderly constipated persons. Am J Clin
Nutr 1997; 65: 1397-1402,

Den Hond E, Geypers B, Ghoos Y. Effect of high per-
formance inulin on constipation. Nutr Res 2000; 20: 731-
736,

Kunz C, Rudloff 8. Biological functions of oligosaccha-
rides in human milk. Acta Paediatr 1993; 82: 903-912,
Roberfroid MB, van Loo JA, Gibson GR. The bifidogenic
nature of chicory inulin and its hydrolysis products. J
Nutr 1998; 128: 11-19,

Tuohy KM, Kolida S, Lustenberger A, Gibson GR. The
prebiotic effects of biscuits containing partially hydro-
lyzed guar gum and fructooligosaccharides - a human
volunteer study, Br ¥ Natr. 2001; 86: 341-348.

Tuoky KM, Finlay RK, Wynne AG, Gibson GR. A hu-
men volunteer stady on the prebiotic effects of HP-
inulin — Faecal bacteria enumetrated using fluorescent in
situ hybridisation. Anaerobe 2001; 7: 113-118.

Menne E, Guggenbuhl N, Roberfroid M. Fn-type chicory
inutin hydrokysate has a prebiotic effect in humans. J Nutr
2000; 130: 1197-1199.

Haarman M, Knol J. Quantitative real-time PCR analysis
of fecal Lactobacillus species in infants receiving a pre-
biotic infant formula. Appl Environ Microbiol 2006; 72:
2359-2365.

QOuwehand AC, Isolauri E, He F, Hashimoto H, Benone Y,
Salminen S. Differences in Bifidobacterium flora compo-
sition in allergic and healthy infants. I Aflergy Clin Im-
munel 2001; 108: 144-145,

Saavedra TM, Tschemia A. Human studies with probiot-
ics and prebiotics: Clinical implications. Br J Nutr 2002;
87: 8241-8246,

Griffin I J, Hicks PMD, Heaney RP, Abrams SA. En-
ricked chicory inulin increases calcium absorption mainly
in girls with lower caleium absorption, Nutr Res 2003; 23:
901-909



e

Available oniine at www.sclencedirect.com

Nutrition

Prolonged administration of low-dose inulin stimulates the growth of

Yoram Bouhnik®*, Laurent Raskine®, Karine Champion®, Claude Andrieux®, Sophie Penven®,

Abstract

*=2* ScienceDirect

Research

Nutrition Resenrch 27 (2007) 187193

www.elsevier.com/locate/matres

Research Articles

bifidobacteria in humans

' g e . o
Heidi Jacobs®, Guy Simoneau
AHépato-Gastroentérologic et Assistance Nulritive, Hépital Lariboisicre, 754735 Paris Cedex 10, France
hBrfcréz'r'angf&V?mk)gz'e, Hopital Lariboisiére, 73475 Paris Cedex 10, France
S{inite de Recherche Thévapeutique, Hopital Lariboisidre, 75475 Paris Cedex 10, France

Unité d'Ecologie et de Physiologie du Systéme Digestif, Institut National de Ia Recherche Agronomigue, Jouy en Josas, France

¢Cosucra SA, Warcoing, Belgiwm
Received 11 July 2006; revised 20 December 2006; accepted 26 January 2607

The effect of low-dose inulin consumption on fecal bifidobacteria growth, microbial activity, and
tolerance in heaithy adults was investigated in a double-blind, randomized, placeho-controlled,
parallel-group study. Thirfy-nine healthy volunteers were randomly assigned to 2 groups and
ingested 2.5 g inulin or placebo twice a day for 4 weeks (from week 2 to weck 6). Fresh stools were
collected after 2, 4, 6, and 8 weeks for fecal bacteria count and fecal bacterial enzymatic activity
measurement. Tolerance was evaluated from a daily chart. In the inulin group, fecal bifidobactesia
count increased (P < .0001), whereas no change was observed in the placebo group. Lactobucillus
counts did not change in the inulin group and decreased in the placebo group (P = .0004). In the
inutin group, a decrease in f-glucuronidase activity (P = .001) was found, which was negatively
correlated with the level of Bifidobacterium (P = .04), Throughout the study, there was no change in
fecal enterobacteria, pH, B-galactosidase activity, reductase activity, or short-chain fatty acid level in
either of the groups. Bxcess flatus significantly increased in both groups (inulin, £ < .0001; placebo,
P = .03), but its intensity was very miid. Even at doses as low as 2.5 g twice a day, inulin can exert a

prebiotic effect in healthy volunteers by stimulating bifidobacteria growth,

© 2007 Published by Elsevier Inc.
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1. Introduction

The human large intestine contains a variety of bacterial
genera, species, and strains, which are considered either
beneficial (eg, Bifidobacterium, Eubacterium, and Lacto-
bacillus) or detrimental (eg, Clostridium and Veillonella) to
the host’s health [1,2]. Although this generalization prob-
ably gives a too simplistic view of gut microbiology, it is
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feasible working concept for the development of functional
food components to modulate the composition of the
colonic microbiota [3]. In this context, a prebiotic was
defined as “a nondigestible food ingredient that beneficially
affects the host by selectively stimulating the growth and/or
activity of one or a limited number of bacteria in the colon
and thus improves host health” [4]. Several nondigestible
oligosaccharides (fructans, galacto-oligosacchanides, xylo-
oligosaccharides) have demonstrated their ability to stimu-
late the growth of bifidobacteria in animals [5] and in
humans [6-8]. Moreover, according to a recent review,
inujin is included in the short list of the currently available
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ingredients for which convincing evidence of a prebiotic
effect has been reported [9]. Stimulation of bifidobacteria
with relatively high doses of inulin ranging from 8 to 40 g/d
has been repeatedly demonstrated in humans [10-14].
However, the effects of lower dosages of this particular
ingredient on the intestinal flora have not yet been tested in
humans. Recent in vitro data indicate that inulin has a clear
prebiotic effect at a concentration corresponding to & human
daily dose of only 5 g [15]. Therefore, the aim of the present
study was to confirm this effect in healthy adults at a low
daity dose of 5 g/d.

2. Methods and materials
2.1. Subjects and experimental design

Thirty-nine healthy volunteers, aged 20 to 58 years
(mean, 33.9 years), participated in the study. None had any
history of gasiroiniestinal disease except for appendectomyy.
Ne antibiotics or laxatives had been taken during the
2 months before the study. No other medication was allowed
during the investigation period. The research protocol was
approved by the institutional Human Ethics Committee of
Saint Louis Hospital (Paris, France).

The volunteers were randomly assigned to 2 groups, 20
to the inulin group and 19 to the placebo group. Both groups
were required to follow the treatment (inulin or placebo) in
parallel. The basal period was from week 0 to week 2; then,
for 4 weeks (from week 2 to week 6), the volunteers
ingested a powder mixture containing 5 g inulin or placebo
divided into 2 oral doses taken after breakfast and after
dinner. In the washout period, from week 6 to week 8, the
volunteers were allowed to return to their normal diet. The
inulin (Fibruline Instant, Cosucra, Warcoing, Belgium) used
was composed of linear chains of fructose units with one
terminal glicose unit with a degree of polymerization
ranging from 2 to 60 and with average polymerization of
about 10. The placebo was composed of a blend of
maltodextring and sucrose.

To avoid bias that would mask the cffects of the
treatment, subjects were asked to limit consumption of
products containing high levels of inulin or oligofructose
(chicory, onion, asparagus, wheat, rye, triticale, and
Jerusalem artichoke) and fermented dairy products contain-
ing viable bifidobacteria for the duration of the study [16].
These dietary restrictions started at week 0, that is, 14 days
before the first stool recovery, with the aim of obtaining
comparable basal levels of bifidobacteria in the 2 groups,
and were continued during the last 2 weeks (from week € 1o
week 8) for evaluation of the prolongation of the potential
prebiotic effect.

A dietary inquiry was performed during four 2-day diet
records in the basal period (from day 13 to day 14), after 2
(from day 27 to day 28) and 4 (from day 41 to day 42}
weeks of product ingestion, and 2 weeks after treatment
cessation (from day 55 to day 56) for calculation of total

energy intake and the amount of carboliydrates, fiber, fat,
and protein. This dietary inquiry was also used to venfy
that volunteers had strictly ingested the allowed diet.
Tolerance was evaluated by using a daily chart where the
symptoms (excess flatus, borborygmi, bloating, abdominal
pain) were graded from 0 (no symptom) to 3 (severe
symptoms). For each 2-week period, symptom intensity
wag obtained by adding each daily score with the
following gradation: 0, no symptom; 14, mild symptom;
28, moderate symptom; 42, sevete symptom. Frequency
and consistency of stools were also noted, and diarthea
was defined as one or more liquid stools or more than 3
stools per day.

Stools were collected 4 times, on the first day before the
treatment consumption started, that is, after 2 weeks of
dietetic restriction (Wy), after 2 (W) and 4 (W} weeks of
product ingestion, and 2 weeks after treatment cessation
(W¢). They were collected in plastic containers under
anaerobic conditions (Anaerocult A, Merck, Darmstadt,
Germany), immediately stored at 4°C, and analyzed within
2 hours. Two aliquots of stool were frozen for further
analysis of fecal bacterial enzymatic activities.

2.2, Laboratory analysis

The laboratory analyses were performed following the
methods described previously [17]. An aliquot of stool
was prepared and analyzed within 2 hours of elimination.
The remaining stool samples were frozen at —20°C for
later analysis. This fresh stool aliquot was diluted 10-fold
(wt/vol) in an anacrobic solution {1/4-strength cysteinated
Ringer diluents). After homogenization, the fecal slumry
was diluted 10-fold up to 1077 in the anaerobic solution.
According to the chosen genera, selective media were
inoculated; total anaerobic count (Witkins-Chalgren agar)
and bifidobacteria (Beerens mediwm), Lactobacilli (MRS
agar), enterobacteria (MoConkey agar), and Bacleroides
(BBE agar). Plates were incubated aerobically or anaer-
obically as appropriate. The pH was measured by a pk
meter on a fresh stool aliqguot (Bioblock, Illkirch,
France).

Enzyme activities were measured in fecal samples by
using a thermoregulated anacrobic chamber (H,, CO,, Ny;
10:10:80), as previously described [18]. Five grams of each
fecal sample stored at —20°C was introduced into the
anaerobic chamber and immediately diluted 1:20 with
prereduced phosphate-buffered saline (pH 6.7). f-Galacto-
sidase and f-glucuronidase activities were measured by
determining the rate of p-nitrophenol released from p-
pitrophenyl glycosides. Azoreductase activity was deter-
mined by using amaranth (5 mmol/I.} as substrate. Nitrate
reductase was determined by the generation of nitrite.
Nitroreductase was measured as described by Wise et al
[19]. Protein concentration was determined in triplicate by
the method of Lowry et al [20] at 1:500 fecal dilution in
Na,CO; (2%) and NaOH (0.1N). Bovine serum albumin
was used as the standard.
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The conceniration of short-chain fatty acids (SCFAs) in
fecal samples was analyzed in duplicate after water exiraction
of acidified samples using gas chromatography (Perkin-
Elmer 1020 GC; Marseille, France) [18]. Total SCFAs were
expressed as micromoles per gram of fecal sample.

2.3. Statistical analysis and determination of sample size

Fecal concentrations of bacteria were expressed as log
colony-forming units per gram (cfu/g) wet weight. Enzyimne
activities were expressed as micromoles of metabolized
substrate per minute and per gram of protein. Results were
expressed as mean + SEM. Comparison of bacterial
concentrations, pH, fecal bacterial enzymatic activities,
SCFAs, and dietary inquiries were performed by repeated-
measures analysis of variance (ANOVA) to test the time
effect and by using factorial ANOVAs for the comparison
between treatments. Because a possible interaction between
basai bifidobacteria counts and treatiment response has been
suggested previously [21}, a 3-level independent variable
(low, middle, and high basal counts) was added to the
factorial ANOVA medel. Symptoms experienced with
inulin and placebo were compared by using repeated-
measures ANOVAs.

Previous studies [22,23] have shown that the variability
of the main criteria (fecal bifidobacteria counts, expressed in
log ofu/g) in terms of SD was ! unit. The relevant beneficial
effect is a difference in 1 log cfu/g unit between treatment
and placebo. Under these conditions, a 2-way formulation
with o of .05 and power of .80, each treatment group has to
be composed of 16 volunteers to show a difference of 1 log
cfifg in favor of the inulin group.

3. Results

Table 1 summarizes the bacterial counts and pH during
the 3 periods in the 2 groups. In the basal period, basal
bacterial counts were similar in both groups, except for
lactobacilli, which were significantly lower in the mnulin
group (P = .03). The fecal bifidobacteria count significantly
increased in the inulin group (# < .G00L), whereas no
change was observed in the placebo group.

When count variations were analyzed, the bifidobacteria
count increased by 1.1 + 0.2 log in the inulin group
compared with 0.4 + 0.2 log in the placebo group during
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Fig. 1. Bffect of 4-week ingestion {from week 2 to week 6)of 2.5 ¢ imilin or
placebo twice a day on bifidobacteria count variations in healthy volunteers
(P o= 03)

the ingestion period (£ = .03) (Fig. 1}. The results were not
modified by adjustment of the basal bifidobacteria count,
defined as low (5.70 to 7.64, n = 13), medium (7.65 to 8.54,
n = 13) and high (8.55 to 9.73, n = [3): the increase n
bifidobacteria count was stiil significantly higher in the
inulin than in the placebo group (P = .045).

Two weeks after treatment finished (W), bifidobacteria
counts were still significantly higher than during the basal
period (W) in the inulin group, but not in the placebo
group. Lactobacillus counts significantly decreased in the
placebo group (P = .0004) and did not change in the
inulin group.

Total anaerobe counts significantly increased in the
inulin group (P < .0001) and in the placebo group (P =
01) during the study. Similarly, Bacteroides significantly
increased in both inulin { P = .0001) and placebo (I = .01)
groups. Neither enterobacteria nor the fecal pH changed in
either group throughout the study.

The f-galactosidase activity remained unchanged in both
groups throughout the study (Table 2). The f§ -glucuronidase
activity significantly decreased during inulin ingestion (P =
.001) but not in the placebo group (P = .10).

In the inulin group, the f-glucuronidase activity was
negatively correlated with the level of Bifidobacterium
(P = .04). In the 2 treatment groups, a low level of
fB-glucuronidase was related to a high level of Bifidobacte-
rium (P = .006). There was no significant modification of

Bffects of 4-week ingestion {from week 2 to week 6) of 2.5 g inulin or placebo twice a day on the fecal bacterial counts {log cfi/g wet weights) in healthy volunteers

Placebo (n = 19)

inulin {(n = 20}

Basal, Wy ingestion, W,-W¢ Follow-up, Wy P Basal, W4 Ingestion, W4-We Follow-up, Wg P
Bifidobacteria 8.2 (0.2) 8.6¢0.2) 8.6¢0.3) 84(0.3) NS 1.74{6.3) 8.7(0.3) 9.0 (0.1) 3.8 (0.5 0001
Total apaerobes 9.5 (0.1} 9.7 (.1} 10001 9290 000l 9.1 (0.2) $.7¢0.1) 10001 10.0{G.1) 0001
Lactobacilli 6.3 (0.3) 5.8 (0.2) 49(03) 54032 0004 54 (0.3 54 {0.3) 5.4 (0.3} 52(0.2) NS
Bacteroides 7.5{0.5) 8.8 (0.2) 8.8 ¢0.1) 88(.2) 01 7204 8.2 (0.3} 8.7(0.2} R7(0.1) .0001
Enterobacteria 7.0 (0.3) 74003 73002)  7.0{0.2) NS® 6.4 (0.3) 6.2 (0.4) 6.4 (6.3} 6.8 (03) NS
pH 6.5 (0.1} 6.6 (0.1) 6.5(0.1y 6.4 (0.1) NS 6.5 (0.1) 6.5 (0.5) 64 (0.1) 6.4 (0.1 NS

Values are expresscd as mean (SEM). W indicates week. Significantly different from the basal period (P < .05}



190 ¥, Bouhnik et al. / Nutrition Resecoeh 27 (2007} 187-193

Table 2

Effects of 4-week ingestion (from week 2 to week 6) of 2.3 g inulin or placebe twice a day on fecal enzymatic activities and SCFAS in heaithy volunteers

Placebo (n = 19}

Inalin (8 = 20)

Basal, W, Ingestion, W,-Wg Follow-up, Wy Buasal, W, Tngestion, Wy-W Follow-up, Wy

f-Galactosidase (pmol/sn 58 {7 65 (9) 61 (8) 59 (8) 78 (9) 64 (%) 74 (1) 38 (7)
per gram of prolein)

B-Glueuronidase (jimol/miz 3.5 ¢0.5) 2.4 (0.4) 2.7 (0.3) 3.9 (0N 4.5 {0.5) 2.4 (0.4)* 2.5 {0.4h* 2.9 {.5)*
per gram of protein)

Nitrate reductase (pmol/min 0.11 (0.03) 007 (0.03)  0.15(0.06) 007 (0.63) 0.0 (0.05) 008 (004 005 (0.01)  0.06(0.03)
per gram of protein)

Nitrereductase (gmol/min 0.02 (0.01)  0.03(0.01)  0.03(0.01) 0.62 (001} 0.02 (0.01)  0.02(0.01) 0.02(0.01) 0.01 (0.00}
per gram of protsin}

Azoreductase (prmol/min 0.18{06.05)  0.J2(0.04) ©G.I0(0.02) 0.10(0.02) 0.10 (0.02)  G.07 (0.02) 009 (0.03) (.08 (0.02)
per gram of protein)

Total SCFAs (pumol per pram &7 (8) 83 () 163 (1) 98 (%) 97 (10) 95 (12) 169 (10} 93 (9)

of fecal sample)

Values are expressed as mean (SEM). W indicates week.
* P < 03, significantly different from the basal period.

niteate reductase activity during the experiment in either
group. Similarly, nitroreductase and azoreductase activities
were not altered by inulin intake. Neither the concentration
nor the profile of SCFAs changed in the 2 groups over the
cousse of the study.

The results of the four 2-day diet gueries are reported in

Table 3. There was no significant difference in total energy ¢

intake or mean daily intakes of protein, fat, carbohydrates,
or fiber: between the 2 groups or within each group before or
after treatment ingestion.

The digestive symptoms reported by the volunteers
during the study are shown in Table 4. Flatus significantly
increased in the inulin group (P <.0001) and in the placebo
group (P = .03), but the intensity of these symptoms was
very mild. The symptom frequency (number of days that
symptoms >0 were recorded) was rather low (=43% of the
total ingestion period) and was not significantly different
between the 2 groups. Bloating, borborygmi, abdominal
pain, stool weight, and stool frequency were not signifi-
cantly different in all periods. Diarrhea was not reported in
any of the volunteers,

4. Discussion

In this placebo-controlled study, 4 weeks of ingestion of
inulin at a low dose of 2.5 g twice a day was well tolerated and
led to a significant increase in fecal bifidobacteria counts in

Table 3
Mean daily intakes in the 2 groups of volanteers

healthy volunteers. The results confirm recent in vitro data
showing that inulin has a clear prebiotic effect in the
Simulaior of the Human Intestinal Microbial Ecosystem
(SHIME) at a concentration corresponding to a human daily
dose of 5 g [L5]. Other human intervention studies had
previously found a bifidogenic effect of inulin, but all of them
used higher doses of inulin, from 8 to 40 g/d, and a linear
design without a control group [10-14]. Tuohy et al {10]
showed that 8 g/d long-chain inulin for 2 weeks led to a
significant increase in bifidobacteria in 10 adults. Using 9 g/d
inulin for 4 weeks in 11 adults, Brighenti et al [12} found
similar results, A ditect comparison of inulin to fructo-
oligosaccharides (GFn, 2 < n < 6) in a human feeding trial
demonstrated that inulin at & dose of 15 g/d had a similar
prebiotic effect to that of fructo-oligosaccharides [11}.
However, this study should be interpreted with caution
because only 4 subjects were studied. In the other 2 studies,
inulin was also bifidogenic, but adminisiration started at
doses of 20 g/d, thereafter increasing fo 40 g/d [13,14].

In most studies evahuating the bifidogenicity of certain
substrates, linear study designs have been used and measure-
ments were made before and after treatment [8,11,24-26]
without a contrel group. Our results indicate the importance
of a placebo treatment to exclude the possible effects of time
and unknown environmental factors. The effect of a control
group was also underfined by Alles et al [26], as it changed
their conclusion about bifidegenicity of the treatment tested:

Inulin (n = 20)

Placebo (n = 19)

Basal, W, Ingestion, W-Wy Follow-up, Wg Basal, W [ngestion, Wi-Wg Follow-up, Wg

Energy {(kI) 7638 (473) 7672 (582) 6662 (348) 704 (383) 0193 (486) 715 (507 7902 (381) 7814 (436)
Protein {g} 77 (6) 69 {5y 67 {5) 80 (i3) 74 (4) 68 (5} 68 (4) 76 (4)

Fat () 82 (7 80 (&) 66 (6) 77 (6} 94 {7} 76 (6) 76 (1) 80 (h)
Protein {g} 77 {6) 69 (5) 67 (5) 80 (13) 74 (4} 68 (5) 68 (4) 76 (4)

Fat (g) 82 {7 80 (8) 66 (8} 77 {6) 94 (7) 76 (6) 76 (4} 80 (D
Carbolydrate (g) 181 (11) 196 (15) 196 (15) 169 (il1) 238 (I3) 215 (12) 215 (12) 196 (13)
Fibers (i} 15 (23 13 (L 14 (1) 14 (1) 18 (1) 18 {1) 15 1) 17{D)

Vatues are expressed as mean {(SEM). W indicates week.
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Table 4

Effect of 4-week ingestion (from weelk 2 to week 63 of 2.5 g inulin or placebo twice a day on digestive symplom intensity in healthy voluntesrs

Tnutin (n=20)

Placebo (n=19}

Basal, W, Ingestion, W-W Follow-up, Wy P Basal, W, Ingestion, W4-We Follow-up, Wy i
Excess flatus 4.0 (1.2} 78 (1.7} 81 4.0{1.4) 0061 4.4 (1.4} 65(1.7 5204 38 (1.6) 03
Borborygmi 1.8 (0.8) 2.0 {0.8) 1.4 {0.6) 1.4 (0.8) NS 2.8 (1.5 3113 2.9(i.2) 3.0(1.5) NS
Bloating L5 (0.7) 23(1.1) 2.6 (.0) 1.6 (0.8} NS 3.8 (L.3) 4907 43013y 3.1{13) NS
Abdominal pain 0.6 (0.3) 1.4 (0.8) 1.6 @7 3.5 (0.3) NS 1.5 (1.0) 29{1.3y  25(.9) 1.9 (1.2} NS
No. of stools per 17 (1.4) 16 (1.3) 16 (1.1) 15 (1.1 NS 16 {1.1) 16 (1.2} 15 (1.1) 16 (£.3) NS

period {14 d)

Vatues are expressed as mean (SEM). Symptom intensity was noted as follows: § = no symptony 14 = mild symptom; 28 = moderate symptom; 42 = severe

sympton. W indicates week.

transgalacto-oligosaccharides were found to be bifidogenic
on linear analysis, but this effect was not different from the
one observed in the placebo group.

One of the hypothetical confounding factors when
interpreting a bifidobacteria-level increase is the initial level
of bifidobacteria, as shown by us (Y. Bouhnik, unpublished
data) and others [21,27]. We confirmed that a low basal
bifidobacteria count is significantly associated with an
increase after treatment.

Tt has been shown that fecal bacterial f-glucuronidase
activity increases in patients on a high-meat diet and that
this enzyme could act to increase the amount of substances,
such as carcinogens, within.the colonic lumen [28]. This
enzyme may play a role in the metabolic activation of
procarcinogens and deconjugation processes in the colonic
lumen [29]. Our results corroborate those from studies with
probiotics, which have shown that increasing the proportion
of the fecal flora represented by bifidobacteria is associated
with lower activity of reductive enzymes [30-33]. However,
Kleessen et al [13] were unable to show changes in
f-glucuronidase activity with long-chain inulin consumyp-
tion at a dose range of 20 to 40 g/d for 19 days. The
reciprocal shifis in activities of B-glucuronidase and
densities of bifidobacteria during supplementation with
inulin can be caused by a combination of diet-induced
shifts in the species composition of the fecal flora and in the
metabolic characteristics of individual species or strains.
Results similar to ours have been reported in an in vitro
simulation of the human intestinal microbial ecology [34].

In a previous study, we compared the effect on fecal
bifidobacteria of prolonged ingestion of exogenous bifido-
bacteria administered as fermented milk with or without
the addition of inulin at the rate of 18 g/d [22]. We
observed that the ingestion of bifidus-fermented milk itself,
without the addition of inulin, significantly increased fecal
bifidobacteria. As a result, no further increase was shown
with the addition of inulin, However, in this study, 2 weeks
after stopping the ingestion of bifidus-fermented milk,
subjects who consumed inulin-supplemented bifidus-fer-
mented milk had significantly higher fecal bifidobacteria
than subjects who ingested unsupplemented bifidus-fer-
mented milk. These results support the conclusion that
inulin is able to sustain a higher level of bifidobacteria for

longer periods after its cessation, as we found in the
present study.

We did not find any differences in fecal pH and SCFAs
during the treatment periods. This effect was desirable
becanse a decrease in colonic pH might reduce the risk of
developing colon cancer [35]. As in our previous studies
[22,23], fecal pH did not change during the ingestion of
oligosaccharides. However, fecal pH may not accurately
reflect the pH in the colon, which depends on absorption
of SCFAs and bicarbonate secretion [35,36]. Shori-chain
fatty acids are implicated in colonic physiology and,
among them, butyrate arising from microbial fermentation
is important for energy metabolism and normal develop-
ment of colonic epithelial cells and has a mainly protective
role in relation to colonic disease [37]. Inn vivo, the study
of SCFAs is difficult and relies mostly on determination of
the concentrations in feces. This approach, however, is
limited as far as SCFAs are absorbed by the colon
epithelivm, It is thus not swrprising that little has been
learned from it about the fermentation of prebiotics. In the
3 comprehensive human studies that have been published,
neither inulin nor oligofructose at doses ranging from 4 to
40 g/d produced any significant change in the concentra-
tion or molar ratios of fecal SCFAs [11,13,38]. In vitro,
however, at a concentration corresponding to @ human
daily dose of 5 g, inulin significantly increased the total
conceniration of SCFAs in the 3 compartments of the
SHIME large intestinal model, with a shift toward higher
proportions of propicnate and butyrate and lower propor-
tions of acetate [15].

Symptoms related to gas production in the gut are widely
reported in human prebiotic feeding studies but remain very
mild at recommended intakes [11]. In our siudy, excess
flatus was significantly more intense (but not significantly
more frequent) during inulin compared with placebo
ingestion, but this symptom was very mild. Few studies
have evaiuated the digestive tolerance of inulin. At a higher
dose of 14 g/d, inulin led to a significant increase in flatus,
bloating, borborygmi, and abdominal pain in a group of
64 women taking inulin in a double-blind crossover study
over 4-week periods; 12% of the velunteers considered the
flatulence severe and unacceptable, and no adaptation in
symptoms oceurred over time [39].
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Although increased stool weight and frequency have
been described previously, especiaily for constipated vol-
unteess at daily inulin doses of 15 g or higher [11,13}, the
absence of such increase in the preseat study might be
explained by the relatively low dose used and/or the already
high average initial number of stools (>1/d) in both the
inutin and the placebo groups.

In conclusion, under owr experimental conditions, this
study showed that even at a low dose of 2.5 g twice a day,
inulin can exert prebiotic effects such as stimulation of
bifidobacteria and decrease in f-glacwronidase activity,
which could be perceived as potentially beneficial for
the host.
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Appendix 12

MSDS for Chicory Root Extract (Frutafit® and
Frutalose® Inulin/Oligofructose from Sensus)
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