March 20, 2006

National Organic Standards Board

¢/o Robert Pooler, Agricultural and Marketing Specialist
USDA/AMS/TM/NOP, Room 2510-So., Ag Stop 0268
P.O. Box 96456

Washington, D.C. 20090-6456

Phone: 202-720-3252

Fax: 202-205-7808

Dear Mr. Robert Pooler,

Please find enclosed duplicate copies of our petition to have short-chain
fructooligosaccharides (scFOS®) included on the National List of Allowed
Substances. If you have any questions or need additional information please
contact me directly. My contact information can be found below.

Sincerely,
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Luke R. Kazmierski

Quality Assurance and Regulatory Affairs Specialist
GTC Nutrition

600 Corporate Circle, Suite H

Golden, CO RB0401

Phone: 303-216-2489 ext. 242

Fax: 303-216-2477

E-mail: Tkazmierski @ gicnutrition.com
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LA

Substances
EVALUATION CRITERIA POR SUBSTANCES ADDED TO THE NATIONAE LIST

Category 1. Adverse impacts on humans or the environment?

Substance: Short-Chain Fructoolicosaccharides (scFOSS)

L

Question
There is 1o foxicity or environmental persistence, as the
environment from manufacture, substance 18 a short-chain, water soluble carbohydrate,
nse, or disposal? consisting of only glucose and fructose vnits. It is
F§205.600 b.2] environmentally harmisss. See MBDS (Appendix 6, Tab
7)
2. Is there environmental X There is no toxicity or environmental persistence, s the
contamination during substance is & short-chain, waler soluble carbohydrate,
manufaciure, use, msuse, or consisting of only glucose and fuclose units. Ifis
disposal? [§6518 m.3] environmentally barmless. See MSDIS {Appendix 6, Tab
7
3. Is the substance harmfud to X There is no toxicity or environmental persistence, as the
the environment? substance is a short-chain, water soloble carbohvdrate,
[EEST7e{ ARSI TTIOHZYA) gonsisting of only glucose and fructose units, It is
il environmentally harmiess. See MSDIS (Appendix 6, Tab
73
4. Does the substance contain X There is 0o toxicity or environznental persisience, as the
List 1, 2, or 3 inerts? product 1s & short-chain, water soluble carbohydrate,
186517 ¢ (1{BXi), consisting of only glocose and fructose unifs. See MSDS
205.6010m2] {Appendix 6, Tab T
3. Is there potential for X This substance s infended as an ingredient in food and
detrimental chemical interaction feed products. The substance is GRAS recognized
with other materials used? {Appendix 2, Tab 3). Ses MSDS (Appendix 6, Tab 7)
(86518 m.1]
6. Are there adverse biological x This substance is intended s s ingredient in food and
and chemical inferactons in feed products and is produced from an sgricoltural
agro-scosystem? 186518 m 51 SOUITE,
7, Are there detrimental X This substance is intended as an ingredient in food and
physiolopical effects on soil feed products and is produced from an agricultural
organisms, crops, or Bvestock? SCRETCS.
{86518 m.5]
&, Ts there a toxic or other X There is 5o toxicily of envirormental persistence, as the
adverse action of the material or product is 8 short-chain, water soloble carbohvdrate,
its breakdown products? consisting of only glucose and fructose units. It is
{86518 m.2] environmeniaily harmisss, Ses MSDS (Appendix 6, Tab
7
%. Is there undesirable X There is no foxicity or environmentad persistence, as the
persistence or concentration of product is g short-chain, water soluble curbohydrate,
the material or breskdown comsisting of only glucose and fructose units, Iiis
products in snvironmenially harmless. See MSDS {Appendix 6, Tab
environmeni 86318 m. 2] ",l’}
16, Is there any harmfnd effect X Studies have shown that this substance has no potential fo
on haman healih? cause a harmful effect on hurnan bealth (Appendix 8, Tab




86517 ¢ (IMANXD ; 6517
{2 AN 86518 m.4]

9. See MSDIS {Appendix 6, Tab 7}

11, 3s there an adverse effect on
human health as defined by
applicable Federal regulations?
[2035.600 b.3)

Studies have shown that this substance has no polential {o
cause a harmivd effect on homan bealth {Appendix &, Tab
03 The substasce ks GRAS recognized (Appendix 2, Tab
3} Bes MSDS (Appendix 6, Tab 7)

12, Is the substance GRAS
when used according to FDA's
good manufacturing practices?
(8205 600 b.5]

GRAS Notice Number: GRN 000044 {Appendix 2, Tab
3

13, Does the substance coniain
residues of heavy metals or
oiher contaminanis o excess of
EDA tolerances? [§203.600 b.5]

The substance is GRAS recognized (Appendin 2, Tab 3)
and does not exceed FDA tolerances.

“If the substance under teview is for erops or livestock production, afl of the guestions Fom 203500 (R) are N/A —not applicable,




{Category 2. Is the Substance Essential for Organic Production?

Ouestion Yos | No | /A Documeniation
_CTAP: petition; repulatory agency: other)
1, Is the substance formudated X The substance is produced by a natural fermentation
or panufactured by a chemical process. A flow chart marked as CBI is attached
nrocess? (6502 (213 {Appendix 1, Tab 7).
2. Is the substance formulated = The substance 18 produced by o natural fermentation
or mannfactimed by a process process. Socrose is converted (o short-chains of glucose
that chemically changes a modecules containing two, three or four fractose
sibstance extracied from molecules. A flow chart marked as CBI is attached
naturatly occurring plant, {(Appendix 1, Tab 2).
animal, or mineral, sources?
16502 (21}
3. Is the substance created by X The substance is produced by 2 natural formentation
naturally occurring biclogical process. A flow chart marked as CBI is attached
processes? [B502 (213 (Appendix 1, Tab 23,
4 15 there a natural source of X This substance does occur in nature and is distributed in
the substance? (8205 600 b. 1] very small quantities in a wide variety of fruits,
vegetables and grains. See studies in Appendix 8 Tab 9.
. Is there an organic X Even though the substance occurs in very small quantities
subsstienee? [8203.600 h. 1] in a wide variety of fruits, vegetables and grains there are
currently no organic equivalenis of this substance
available.
£. 1s the substance essential for X As a non-digestible carbohydrate, this substance is used
handling of organically as a prebiotic fiber inclusion in foed and feed processing
produced agricultmyal and as a selective source of energy by probiotic bacteria
producis? [§205.600 h.6] in the guts of humans and animals. This action favorably
affects the growth and activity of probiotic bacteria for
the benefit of health. Sindies have shown the numerous
health henefits when this subsiance is consumed
{Appendix 7, Tab 8}
7. Is there a wholly natural X The substance is produced by a natoral fermentation
substitnte product? process and is considered natural.
[§6517 ¢ (1} A
8. Is the substance used in X As a non-digestible carbohydrate, i s used as a prebiotic
handiing, not synthetic, bat not fiber inclusion in food and feed processing and as a
organically produced? selective source of encrgy by probiotic bacteria in the
(86517 o (M B¥m)y] guts of mumans and animals. This action favorably
affects the growth and activity of probiotic bacteria for
the benefit of health, Stodies have shown the numerous
hrman health benefits when this substance 1y consumed
{Appendix 7, Tab 8).
9. Is there nmy alternative X The substance occurs in very small quantities in 2 wide
substances? [§6518 n.6] variety of fruits, vegetables and grains. Howsver, there
. are currently no equivalents of this substance available,
101, Is there another practice X This substance is intended as an ingredient in food and

that would make the substance
unnecessary? [§6518 m.6]

feed products and is produced from an agricultural
SOuUrCe,

e

i the snbstance under review is for crops or Hvestock production, afl of the gquestions Trom 205,600 (b are N/A—not apphicable,




Category 3. Is the substance compatible with organic production practices?

Substanee: Shorl-Chain Fructooligosaccharides (5cFOST)

7

T

netiing, tree wraps and seals,
msect fraps, sticky barriers,
row covers, and eqaipment
cleaners?

Cuestion Yes 0 No L NIA L Documesiation »
» - m (TAP: peution: repulatory asency: other
1. Is the substance compatible | X This substance is intended as un ingredient in food and
with organic handling? feed products and Is produced from an agriculivral
[§2035.600 b.2] souree. Studies bave shown the numerous homan health
benefits when consuming this substance (Appendix 7,
Tab B},
2. 1s the substance consistent X This substance i intended as an mgredient in food and
with organic farming and feed products and is produced from an agriculiural
handling7 1865317 ¢ (1AM source, Studies have shown the numerous human health
6317 ¢ (ZHANI] benefits when consuming this substance {Appendix 7,
Tab 8).
3. Is the substance compatible | X This substance is prodoced from an agriculiural source.
with a system of sustainable
“““ agricuitore? [§6518 m 7]
4, Is the nutritional quality of X This substance improves the nutritonal quality of foods
the food mainiained with the ard feeds in which it is added,
subsiance? 8205 600 b 3]
5. Is the primary use as a x This substance is infended as an ingredient in food and
preservative? [8205.600 bA4| feed products with no preservanve sffect.
6. Is the primary use {o recrcate X This substance is intended as an ingredient in food and
or improve flavors, colors, feed products and is produced from an agricultural
textures, or nuiritive values lost source. As a non-digestible carbohydrate, this substance
in processing (excent when is used as a prebiotic fiber inclusion in food and feed
required by law, e.g., vitamin processing and as a selective source of energy by
T3 i mnilky? [205.600 b.4] probiotic bacteria in the guts of humans and animals.
This action favorably affects the growth and activity of
probiotic bacteria for the benefit of health,
7. 1s the subsiance used in X This substance is intended a8 an ingredient in food and
. and does i contain feed products and is produced from an agriculivral source
an active synthetic ingredient that is not synthetic consisting of ondy ghicose and
in the following categorios: fructose units. As a non-digestible carbohvdrate, this
a. copper and sulfur substance is used as a prebiotic fiber inclusion in food
compounds; and feed processing and as a selective source of energy
by probiotic bacteria in the guts of humans and animals.
This action favorably affects the growth and activiy of
probiotic bacteria for the benefls of health,
b. toxins derived from bacteria; X
o. pheremones, soaps, X
horticnitural oils, fish
smulsions, treated seed,
vitamins and minerals?
d. Hivestock parasiticides and X
e giééizsizééﬁ aids inc uehing R X

¥ the substance under review is for crops or ve

stock prodection, all of the guestions from 205 600 b} are N/A—a0t applicaile.




NOSB RECOMMENDED DECISION
Form NOPLIST2, Full Board Transmitial to NG

| For NOBB Meeting: | Subsiancs: Short-Dhalp Fructooligosaccharkies

; A, Evaluation Criterla (Decumentation attached; committes recommeandation attached)

Criteria Satisfied?
1. impact on humans angd environmsnt Yas L1 No ) ises B below)
2. Avpilabiity criteria vas [ No U see B below
3. Compatibiy & consistency vYas [ No [lises B beiow
C. Proposed Annolation:
. Substance fails critera?
rilaria categony Basis for annoiation:
omments: To meet ciiteria above: R 111} = L
Uther regulatory oriferiar CHation
. Final Board Aclion & Vole:  Motion by Second:
Vole: Agricultural MNonagriculturad £rops
Yo Synthetic Not synthetic Livestock
N Allowed' Prohibited” Fangling
o
No restriction Deforedd Hajected”
Abstaing
1—substance voled o be added as “allowed” on Nationa! List
Annotation:

2—substance o be added io "prohibiied” peragraph of Natonal List
Bescribe why a prohiliied substance:

3—substance was rejecied by vole for amending Mational List
Describe why material was rejscied:

4-substance was recommended i be deferred
= Dioscribe why deferred; If any lollow-up i needed, H Ioliow-up nseded, who conducls follow-
31¢8

E, Approved by NOBSE Chalr to transmit o NOF.

Kevin F. O'Fed, NOSEB Chair [Date

£ NOP Action: nelude i ER to smend National List: [

Ratuh o NOSB T Besson:

Bichard b Mathews, Prodram Manapel Date




NOSB COMMITTEE RECOMMENDATION

Forn NOPLIST]. Commitles Transmittel to NOSH

| For NOBE Meeting: Substance: Short-Chain Fructooligosaccharides

orenities: Crops 11 tivestock [ Hangling [

A, Bvaiation Griterla {Documentation aflached, commiBise recommendation atached)

Criteria Safisfied?
impact on humans and environment Yes L1 No [ (see B baivw)

Avaitabllity criteria

Compatibifity & consistency ves [] No U(ses B below)

. Proposed Annotation:

| B. Substarce Tails criteria?

Basis for annotation:
To mael oriteria above: Criteria:

Other rogulatory ofteria:  Clialion:

i1 Recornmendsd Commmittes Aclion & Volsr  Motlion by:

Seconded:

Agricultural Nonagricultural Lrops

Synthetic Mot synthetic Livesiock
Adiowad' Prohibited’ Handing
No resiriction Deferracd Rejected”

Abstain

{—substance voied i be added as “sllowed” on Nalional List
. Annotation

2—substance o be added to “prohibited” paragraph of National List
Describe why a prohibited substance:

3—substance was rejected by voie for amending Natfonal List
[escribe why material was rejecisd:

. 4-substance was recommendsd 1o be deferred
= Dascribe why deferred, If follow-up is needed. B follow-up needed, who will Bollow
L

E. Approved by Committes Chalr o transmit o NOSE;

Committes Chalr



Hem A:

Category: § 205.606 Nonorganically produced agricultural products allowed as
ingredients in or on processed products labeled as "organic" or "made with organic
(specified ingredients o food group(s)).”

ltem B:

1. Common name of substance:
Short-chain fructooligosaccharides (scFOS®)

2. Manufacturer’s information:

GTC Nutrition Company
600 Corporate Circle, Suite H
Golden, Colorado B0401
(303) 216-2489

Contact for manufacturers:

Meiji Food Material Ce., Ltd.
4-16, Kyobashi 2-Chome, Chuo-Ku,
Tokyo 104-0031 Japan

Béghin Meiji

Rue du Petit Versailles
BP OB

39239 Thumeries
France

Caseo Ine.,

401 The West Mall, 2nd Floor
Fiobicoke, Ontario MOC 5P7

3. Intended or current use:
Ingredient in food and feed products
4. Handling activity:

scFOS® are a soluble prebiotic fiber inclusion. The product is usually added to
other dry ingredients,



5. Source and manufacturing procedures:

8.

7.

B.

9.

The raw material is sucrose derived from an agricultural source. The scFOS® are
produced by a proprietary fermentation process using an Aspergillus japonicus
enzyme, A flow chart marked as CBIl is attached (Appendix 1, Tab 2).

Summary of previous regulatory reviews.

GRAS Letter (Appendix 2, Tab3)
Health Canada Letter {Appendix 3, Tab 4)
Buropean Commission Letter (Appendix 4, Tab 5)

Information regarding regulatory registrations.

List of international regulatory/claim status (Appendix 5, Tab 6)

CAS number.

308066-66-2

Chemical properties and mode of action.

A) The substance is 2 mixture of beta-linked fructose chains (2-4), bound to a
terminal glucose. As a non-digestible carbohydrate, it is used as a prebiotic fiber
inclusion in food and feed processing and as a selective source of energy by
probiotic bacteria in the guts of humans and animals. This action favorably
affects the growth and activity of probiotic bacteria for the benefit of health.

B) There is no toxicity or environmental persistence, as the product is a short-
chain, water soluble carbohydrate, consisting of only glucose and fructose units.
It is environmentally harmless.

() This type of product does not have a significant effect on the human
environment, due to the biological methods of production, the simple
carbohydrate nature of the product, and the small production volume.

D) Effects on human health are attached (Appendix 7, Tab 8). Generally, the
product 1s used for the improvement of human and animal health through the
selective feeding of probiotic gut microflora. The product has been in use for
over 20 years in Japan, where it is recognized as a food for specified health use
(FOSHU). In addition, the product has been widely used in Burope and has been
included in medical foods in the United States for at least 8 vears.

Iy Effects on soil organisms, crops, or Hvestock include the reduction of
Escherichia coli species in Bovine species and a reduction in Safmonella species



in swine and poultry. The product has been used in animal hushandry for
commercial animal production for over a decade in Japan. The product is not
directly used in crops or as a soil amendment. However, short-chain
fructooligosaccharides do occur in nature. They are distributed in very small
quantities in a wide variety of fruits, vegetables, and grains, However, the
concentration of scFOS® in the plant kingdom is too low to be viable for
commercial production from these materials. The scFOS® are produced by
fermentation of sucrose using a non-GMO enzyme isolated from a food-grade
Aspergillus fungus and is chemically identical to that found in plants.

10. Safety information.

MSIDS attached (Appendix 6, Tab 7).

No substance report from the National institute of Environmental Health Studies
available.

Independent toxicology review attached.

11. Research reviews provided in Appendix 8, Tab 9.

These pertain to health benefits. There are no known reviews on the subiect of
the National list.

12. Petition justification statement.

The product falls under the category of § 205.606 which encompasses
nonorganically produced agrﬁcuhumi products allowed as ingredients in or on
processed products labeled as "organic” or "made with organic (specified
ingredients or food group(s)).” There are currently no organic equivalents of the
product available. Efforts are being made by GTC Nutrition to certify scFOS® as
organic. The manufacturing process is being reviewed in order to determine the
steps needed to obtain the organic certification for scFOS®. The product is not
Wm&aem being efficiently produced from natural biological processes. Therefore,
seFOS® &huuicj be included on the National List, as it provides a valuable source
of prebiotic soluble fiber that specifically feeds the probiotic microflora in the
guts of humans and animals. Even organically produced food and feed are
frequently processed and stripped of vital mztm—:ma, such as the unique scFOS”™
found in fruits and vegetables. Pure scPOS® are casily incorporated into 2 wide
variety of foods, feeds and beverages and leads to interesting, documented health
benefits, at low inclusion rates, Current human consumption of scFOS” are
thonght to be in the range of 100 mg per day in the modern diet. This number
represents a deficit in this specific fiber, which was previously thought to exist in
the diet at approximately 20 grams per day.



13. Commercial Confidential Information Statement,

— . . . @ . . - . .
The diagram of the manufacturing process of scFOS™ is considered Confidential
Business Information (CBI). This diagram is located in Appendix 1, Tab 2,



CBI Deleted

MANUFACTURING PROCESS
Fructooligosaccharides are produced on a commercial scale by a natural fermentation from a
mixture of sucrose using an enzyme, derived from Aspergillus japonicus. The sucrose is combined
with the enzyme and heated. The enzyme then changes the glucose/fructose of sucrose molecules
o yield:

Glucose - fractose - fructose G2

Glucose - fructose - fructose - fructose GF3

Glucose - fructose - fructose - fructose - fructose GH4

Once the enzyme reaction is completed, the product is filtered, concentrated and packaged.

Processing inputs:
Sucrose, water, enzyme, HCI or NaOH (pH control), active carbon.

Diagram of Process:

~

B

Melated




{ g DEPARTMENT OF HEALTH & HUMAN SERVICES Pubiic Meatth Servica

Food and Drug Administrafion
Washington, DO 20204

Paula Karabell KOV J Ay
TC Nutrition Company 22 A

14252 W, 44 Ave., Unit F
Golden, CO 80403

Re: GRAS Notice No. GRN 000044

Drear Ms. Karabell:

The Food and Dirug Administration (FDA) is responding to the notice, dated May |, 2000, that
Environ Corporation submitted on your behalf 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 Office of Premarket Approval (OPA) recsived the notive on May 2, 2000 and
designated it as GRAS Notice Mo, GRN 000044, In a letter of August 31, 2000, you informed FDA
of the intent of T Nutrition Company {GTC Nufrition} 1o act as its own agent,

The subject of your notice is fructocligosaccharide. Your notice informs FDA of the view of GTC
Nutrition that fructoohigosaccharide is GRAS, through scientific procedures, for use as a bulking
agent as listed in Table 1. Your notice includes the findings of a panel of individuals who evaluated
the data and information that are the basis for GTC Nutrition’s GRAS determination. GTC
Nutrition considers these individuals 10 be qualified by scientific iraining and experisnce to evaluate
the safety of substances added to food.

Table |
intended Use of Fructooligosaccharide
Food Level Of Use
Acdophihs milk "2 per cent
Bars 4.6-13.6 per cent | &
Baby foods {1.1-3.6 per cont
- Beverages 1.2 percent
= Biscuits 3.6 per cent
o Cakes 1.6-3 .6 per cent
Confectionery : S0percent
F Cookies ‘ ' 2.5-3.3 per cent
o :




Page 2 - Ms. Karabell

Food Level OF Use

Crackers 1.7-3.3 per cent
Flavored and unflavored milks 0.4 percent
Hard candy 6.7 per cont
lee cream 1.5 per cent
Jams and jellies 0.9 per cent
| Muffing } 3.6 per cent

Ready-to-gat cercals 3.3-15.4 per cent
Sorbet and sherbet 1.4 per cent
Soup 0.4 per cent
E__E_guzt 1.3 per cent

Your notice describes published information pertaiming to fructooligosaccharide’s chemical identity
and its natural occurrence. Fructooligosaccharide is a mixture composed of fructose (F) chains with
a terminal glucose (G) unit. The number of fructose units varies from two to four. The first fructose
unit that is attached to glucose is joined by an alpha 1-1' glycosidic linkage. The remaining fructose
units are joined to the first fructose unit in a chain by beta 2-1 glycosidic linkages.

Because the combination of the terminal ghicose and the first attached fructose is chemically
identical to the moiety known as sucrose, another way to describe each oligosaccharide in the
fructooligosaccharide mixture is as a terminal sucrose unit to which one to three additional fructose
units are attached. In fact, the starting point in the manufacture of fructooligosaccharide is sucrose.
Fructooligosaccharide is manufactured from sucrose syrup by the action of the fungal enzyme
beta-fructofurancsidase. The enzyme acts as an invertase on sucrose, vielding fructose and glucose.
The enzyme also acts as a fructosyltransferase between sucrose and a fructofuranosyl-sucrose
molecule (i.e., a molecule comprised of fructose chains with a terminal glucose), yielding GF,, GF,,
and GF,. Your notice includes published information pertaining to the source organism from which
the beta-fructofurancsidase is derived. Your notice also provides information on specifications for
fructooligosaccharide, including a lead specification of less than 0.2 parts per million.

Fructooligosaccharide exists naturally in plants, and is consumed by humans as a component of the
commonly consumed foods onions, bananas, lettuce, and wheat {in rough and bran forms). You
estimate that background exposure to fructooligosaccharide from its consumption as a component of
varipus foods ranges from approximately 145 to 250 milligrams per person per day at the 90th
percentile consumption level. You also estimate that dietary exposure to fructooligosaccharide from

its intended use as a bulking agent would range from approximately 3.1 to 12.8 grams per person per
day at the 90th percentile consumption level.



Page 3 - Ms. Karabell

Based on published studies, which were conducted with fructooligosascharide or related
oligosaccharides, you conclude that fructooligosaccharide is virtually unabsorbed and undigested by
endogenous enzymes, although a very small amount is hydrolyzed by stomach acid and absorbed into
the body as fructose and glucose. About 89 percent of the undipested fructooligosaccharide passes
unchanged into the colon where it is fermented by microflora into gases and short-chain carboxylic
aeids (predominantly acetic acid, while propionic and butyric acids are generated in smaller
amounis),

Your notice describes additional studies conducted with fructooligosaccharide. The published animal
studies include acute studies in rats and mice, 6-week feading studies in rats, a teratogenicity study in
rats, and a chronic bioassay in rats. The animal studies also include an unpublished $0-day feeding
study in rats. Additional published studies include routagenicity studics, studies describing
physiclogical or systemic effects of fructooligosaccharide, and human studies.

E.abeling issues

Section 403(a) of the Federal Food, Drug, and Cosmetic Act (FFDCA) provides that 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
fructooligosaccharide and in describing the information that GTC Nutrition relies on to conciude that
fructooligosaccharide is GRAS under the conditions of its intended use, GTC Nutrition raises a
number of issues under these labeling provisions of the FFDCA. These issues include

(1) physiological effects of fructooligosaccharide that GTC Nutrition views as “beneficial,” (2) the
caloric value of fructooligosaccharide; and (3) the classification of fructocligosaccharide as “soluble”
fiber. These issues are the purview of the Office of Nutritional Products, Labeling, and Dietary
Supplements (ONPLDS) in the Center for Food Safety and Apphied Nutrition (CFSAN). OPA
neither consulted with ONPLDS on these labeling issues nor evaluated the information in your notice

to determine whether it would support any claims made about fructooligosaccharide on the label or in
Iabeling.

OPA did consult with ONPLDS regarding the common or usual name that you provided under
proposed 21 CFR 170.36{)} 1) {i.e., “shori-chain fuctooligosaccharide™). ONPLDS advises that
fructooligossccharides vary in chain loagth from 2 to 10 monomers and are also refared to as
olipofructose or factosugar, and thet the term “oligosaccharides™ itself refers to short chain lengths
with 2-10 monomers while longer chain lengths of above 10 monomers are referred to as
“polysaccharides” Moreover, sugars composed of 2-5 monomers are associated with specific terms
such as di-, tri-, tetrs-, and penta-saccharides, ONPLDS found no literature reference that
specifically defines or distinguishes fructooligosaccharides as short-chain, medium-chain, or long-
chain. For these reasons, in this letter, OPA uses the term “fructooligosaccharide,” rather than the
term “short-chain fructooligosaccharide,” to refer to the ingredient that is the subject of your notice.
If vou have any questions about the common or usual name that would be used to identify
fructooligosaccharide in the ingredient statement of food products that would be marketed i the
United States, OPA suggests that you contact the Division of Standards and Labeling Regulations,
ONPLDS, CFSAN, HFS-820, 200 C Stregt 5. W, Washington, DC 20204, You can reach this
division by ielephone at (202)205-4168,
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Conclusions

Based on the information provided by GTC Nutrition, as well as other information available to
FDA, the agency has no questions at this time regarding GTC Nutrition’s conclusion that
fructooligosaccharide is GRAS under the intended conditions of use. The agency has not,
however, made its own determination regarding the GRAS status of the subject use of
fructooligosaccharide. As always, it is the continuing responsibility of GTC Nutrition 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 your notice that conforms to the information in proposed 21 CFR
170.36(c)1), is available for public review and copying on OPA’s homepage on the Internet

(at http://vm.cfsan.fda.gov/~Ird/foodadd html).

Sincerely,

Al Rl

Alan M. Rulis, Ph.D.
Director
Office of Premarket Approval
Center for Food Safety

and Applied Nutrition
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Hrussels
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Mr Y Le Bail Collet
Eridania Béghin-Say
Vilvoorde R & D Center
Havensirani 84

1800 Brussels

Drear My Le Bail Collet,

In response to your enquiry I inform you that the Scieptific Committee for Food reached a
copciusion in its considerastion of questions relating to the use of Actilrght {fructo olige saccharide
- FOS). The minutes of the meeting record the foliowing position:

"Az irs 185th Mesting the Committes conciuded thal, on the basis of the additiona! information apd
other recent publications on digestion, excretion and snergy value in healthy human beings, there is
uow sufficient evidencs 10 show that there s no reason o object to the use of Actlight 33 a

foadsmuft as far ay these aspects are concerned provided thar its Jaxative action was kept in mind.
The Committes had however recommended that the draft opindon should include 3 section
addressing the toxieological evaluation made by the Additives Working Group and andorsed by the
Commiltee at the £3° Mesting, The Rapporteur appointed for the foxicological evaluation presented

the revised opinion.

The Secretariat confi

consider fructo-oligo
agreed that references 1o the ADI were inappropriate and they were delewed,

foxicelogical evatuation, the Commitree concluded as follows

A complementary file provided by the peiwioner presented a more comprefensive analysiz of
foxivelogical studies previowusly submitted, in gddition, the peiilloner presemied new dats on swb-
chronic foxiciy (PO-dae oral vt st embryctoxicity in the rot ond o stucdy on colon

carcinoganesis gfier tremtmenr with FOS ond g chemical inducer. of corcinogemesrs, Tons
information showed thar FOS har no significans gffects, other than gastrointestinal EVmnIOms 2

duses from 3 - 40 rimes higher than the no-etiecr level for lexative effece in Bumerns

The Cormmities adopted the vpinion aftor editerial amendment (Annex Ivyr

rmed that the Standing Comminec for Feodstuffs had indicared thas it would

saccharides as 2 food ingredient and not s # food additive. It was therefore
As concerns the

The full toxz of the opinion is enclosed.

The opinion will be published in due course in the Food Science and Techniques Series through

the Office of Official Publichtions in Luxembourg.
Yours sincerely,

P J Wagstaffe

Flug g e Lol 2640, 8-1043 Broxedesetyspat 20, BG4S Bausoel - Bakglum - Offica: RP1Y . At
Teisphone: diect ing {(*3Z-2I285.74.04, exchangs 200,91 11, Py 208, 17,3809 51,
Tk GOPAEU & 2187 Felagropnio saochess: COMEUR Brussels.
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DRAFT OPINION ON ACTILIGHT - A FRUCTO OLIGOSACCHARIDE

(FOS)
{exproessed on 21 March 1997)

Terms of Reference .

Fo give an opinion on the safery of Acdlight (FOS) in aceordance with its proposzd
use as a food ingredicar

Background

The Commission was asked by the petiioner to evaluate Aciilight in the context of
food additive use in 1988. The Committee concluded at its 837d Meeting (10 April
$2) as follows : "The Committce endorsed the conclusions of the Additives
Working Group. Although the Committes had no concers about exsosure
{estirmated af around % g/day) through the consumption of normal items of the dia:
te which fueto-oliposaccharides occur paturally, it -poted thal even from single.
tvpical portioc sizes of foods to which Actilight bad’ been added, intakes
approached those at which gastro-intestinal effects in humans had been reported,
Furtherrnore, in fesding smdics with experimental animals puuperocs effecis ha
been ss=en, in some cases at all dose levels. The Committee concluded thatr foo thes
reascns, “Actlight” could not be considered acceptable for zidition 1o food at =

levelis requagtad”,

<
2
z

The petitioner responded in February 1995 by providiog additional informalicn
which ir belicves addresses the concems expressed by the Commince. The legal
status of Actilight was clarified by the Standing Committes on Food who indicutes
in Fune 15935 thac it it would classify fructe oligosacearide as a food ingredient (an.d
not as a novel food ingredient por as an additdve). At its 100" mecting (7-8 bMara
1988), it was thersfore decided to examine the above mentioned agdditdenal
infermation acd more recent publications on digestion, excretion and energy vaius
of FOS in healthy humans, and on the effects of chronpic consumption of FOS br

g

healthy subiects, in the light of the previous reservations of the Comroines related
specifically to digestibility, -

A complementary file provided by the petitioner presenied a more comprahensive
analysis of toxicological studies previously submitted. In addiden, the petitioDer
prescnted new data on sub-chronic toxicity {(S0-day oral rar study), embryotoxicity
inn the rai, and 2 study on colop carcinogenesis after rearment with FOS and o
chemical inducer of carcinogenesis. This information showed tha: FOS bas o
significant effects, other than gastreinestinal symptoms at dose Hom 5 - 40 tloes
higher than the no-affect level for laxative effects in humans.

Digestion, absorption and metabolic fate of FOS

Actilight fructo oligosaccharides (FOS) result from the acton on sucrose ol a
fructosyl Ruranosidase present in Agpergilius niger. Sucrose plavs the dual role of

2



fructose donor and fructose acceptor. The first reaction on rwo sucrose molecules
resulits in RKesiose (glucosc-fructose-fructose | GF2). The same enzyms acis o
Lestose 1o produce nystose (GF3) and on nystose 1o produce fructosyl-nysios
(GF4). Boads between fructose units are & (1-23 (1.

S

iz

There is no enzyrae present in the small intestine that can specificaliy bydrolvze the
(2-1)-b-glycosic linkages found in FOS. Consequently, FOS are not hydrcolyzed ner
absorbed in the small intestine bat are totally fermented in the coion., Their main
nutritional properties and their value i hurmnan putrition are just related W their
inability 10 be hwdrolyzed in the small intestine and o their capacity W reach the
colon and to be fermented by the microflora [1]

Siedies in rats showed thor FO3S ars pot hydrolyzad by salivary and panermatic
araviases, and that few or none are hydrolyzed by intastinal brush border enTyTRes
[2]. Morzover, FOS recovery from rat small intestire was approximately the soms
as that of an unabsorbabie marker [3]. Long-term ingestion of FO3 did net causs
irmduction or suppression of the rat intestinal brush border enzymes [2]. FOS did oot
influence the ransmural potentisl difference of everied sacs preparesd from rat
jeiunuwm [4]. In additiorn., when injected intravenously 10 rais, FOS ars rapidly
excreted in urine without baving undergons any degradaticn, suggestiong that Fs
are nor usaed as an energy Sourcs in the body [2]. On ihe oiber hand, in wir:
incubaticn of [U-19C] FOS with the caecal conient of rais Rowed tha: most of woe
label appeared in short-chain famy acids (SCoF A5 ; FOS fed 1o normal rals showed
rapid rfermenaton, whearsss germ-free aniracis delavel &

many hours with substantal Armounts appezming in fezes {T) Compares itk ek
wndigestible sugars {e.g. celiulose, pectins or {zcmulose), the formentau
produced higher perceniagss of propicnic and builyTic acid, whooh oy e relewvols
to predicting their memtolic effects in vivo [E].

%
how

In hurnmans, no change in blood glucose was poted afizr ol ingeston of FOS {71
Breath-hydrogen studies have also shown that FOS are fermepnzable, resalting in an
amount of hydrogen in breath similar to that excreted 2fter ingestion of an idsntical
load of lacrnulose [8], suggesting again that FOS are not digested in the hurcan smact
imtestine. This was recently confirmned by £ virro and i vivo stadies 0], Crx
sucroze was hydrolyzed during in viro ineubatizns with hermogenotes Jooin
duodsanal roucosa, wheteas the constituenis oligozacchandss of FOS weare  not
hvdrelyzed at ail. fr wve, the fate of FOS mn the human gastrointestinal ract was
ewalusted in six healthy volunteers over an 11-d period @ aficr an equilibrazion
phase, 20.1 g FOS/d was given in three identical postprandial doses @ distal ilza
cutput of FOS and thewr constituent components were dstermniced by intssinal
sspiration after a single meal, and the mmounts of FOS excrsted in stools and urine
were zlso measured ; most of ingested FOS, Be & B.3 9% {x % SEM), was Dot
absarbed in the small intestine, and none was excreted in stools, indicating hat ihe
porTion reaching the colon was completely fermenied by colonie flern ; o small
froction of ingested FOS (012 = 0.04 233 was recoversd in wrine | the me2an
estimated erncrpy value of FOS was 9.3 k) ie 2.4 kealg {97

Digestive tolerande

Wi



The digestive tolerance o undigestiblc sugars depends on the amount ingested, on
the presence of factors that reduce their osmotic load in the small intestine, and on
the degree of adaptation of the colonic microflora 1o ferment these sugars, The
importance of the osmotic effect of undigestible sugars is deterimined by tne
concentration of sugar leaving the stomach. This obviously depends on the amoun:
of undigestible sugar ingested but also on factors reputed to slow down gasmic
emptying, such as the energy content of the meal, tha solid conen:, and the
wvizcosity. The worst conditions for testing the digestive tolerance 1o undigestible
sugars arc encountered after fasting, when sugars are tested in 2 single liquid foa:dl,
and when the microfiora of the subject has not besn adaptad by chronic suger
ingestion. All these factors must therefors be taken inio account whern Comparing
digestive tolernnce thresholds of different undigestible sugars 1. .

A A

Ariirral studies
The influence of chromc intake of FOS on growin and intesiipal Funlticn Wis
investigated in rats by Tokunaga er of. [10]. Male Wisiar rats, inizially weighing 40~
50 g each, wers fed ad fbinum for 6-8 weeks ; the only variabie in the experirmanial
diets was the sarbolyvdrate source (com starch only. <o starch parmially replaced b
10 or 20 %6 FOZ, or by 20 % glucomannanj ; daily food intaxe was stmilar in 2ll
four groups of six rats eack. After feeding rats on taese diets for & waaks, the Body
weight gain of the group receivicg the 20 2% FOS dist was signifitanuy iowser
compared to the control group ; io animals on the 10 6 dict. no significant decsranga
in body weight! gain was pbserved [ a remarkable suppression o bod cht g2:in
wazs also observed in animals consuming the 20 2% glucomannan Jizt (2 kind of
5 2 comnsenudnce of an

dictary fiber). The smaller body weight gain was interpretsd a5 a2 :
incomplets uiilization of FOE as an energy source.

The feoding of 10 % and 20 %% FOS diets produced & significant inoranse
wet weight and the ratic of caecum 1o coljon weights © a greater effecst was ob
in the cascum thac in the colon of animals fod on the 20 %5 FOS dist, 25 in the case
of animals fod on 20 %% glucomannan dist. A sirmilar enlargment of the caecum and
colon has been obssrved in rats fed with dietary fibers sucir as peciin czliulose,

sarved

guar gum and wheat bran.

The famcal wet weizht increased significantly in animais fed on eiths

the 20 %2e FOS dier (p = (.01), aithough the range was i i=H i
gastrointesuinal ransit time was about 28 b, 21 b and 14 koin the cononl, 19 53 and
20 2% FOS diets, respectively, in inverse correlation 1o the fazeal wet weight. The
concentration of volatile acids (SCFAs) per gram of wer fecer also greztly increased
in anjmals fed FOS or glucomannan compargd with the control group, bor tha
profile of SCFAs wers different, indicating that the effects on nresnina siyoTofiors

also differ.

Finally, it was pointed owl by ihe authours that rats developed diarthoes atier
starting FOS feading. This stopped within 2 to 3 wecks, differing with individenls
rats. MHowever, FOS iniake of rats in the present study »wos more 10 g per kg bw in

'y




Another study, quoted by Tokunaga 2r of, but only
previously that single-dose intake of FOS at
aduce diarrhoea in males, but that it doss &l
t to diarrhosa than males {10].

the sarly period of feeding.
published as an abstact, has shown
less than 0.8 g per kg bw does ot pr
abave this level, and that fe qules are more resisian




Furnars Studies
of

The gastrointestinal tolerance of the mixture of oligosaccharides consising
glucose linked to o series of 2, 3 or 4 fructose molecules was evaluarsd in three

studies,

The Japonese study
A firgt estimation of the maximum nén-effectve of FOS in bummans and of the 50 94

laxative effecrive dose (the amount of FOS which causes diarrhoea im 530 %¢
people, EDsg) was performed in 85 healthy Japanese wvolunteers (21 mean,
women) by Hata & Nakajina {117 To test the effect on the digesiive wact wusing
diarrhoes as indax, a FOS mixiure (36 % FOS, 12 %5 sucrose, 29 % glucoss, 3 %
fructose) given in six different dosages (0.21, 0.27, 0.40, 0.53, 067 and 0.8 gy
) in 180 mil of wawer afier lunch was compared with 8 sucrose mixture (83 9+
sucrose, 2% %% glucose, 3 %% fruciose). At the administration of 0.2 o 0.3 g/kg bw
standard dose, diarrhoea did nor occur in both men and women. The maximum non-
efFective doss of FOS on diavhoea fexpressed as pure FOB) was 3.3 g3p
(approximarely 44 g of the FOS pnixoure} for men, aod 0.4 g/kg (approxdmaely 4% g
af the FOS mixturey for women ; in comparison, the maxirmum con~etizsiive oo

(£}

)

e

of sorbitol for men was 0.135 wkg, The EDso of FOS was 0.78 g'kz 1or men and
0.84 g/kg for women (EDgg For sorbirol @ 0.5 g/kg) ; incidence of diarmrheea due 2
dases ahove the maximiss nop-effective doe was bigher in men thap in worsesn o
approximateiy 10 36 Effects of 0.27 g FOS/kg bw op the abdomingt symuptoms ans
the macroscopic Bspecis of stocls wers not infivenced by differsnces in the fors ¢
intake (FOS mixwre v purified FOS3, with or withcut mixing witz foodl sex ins
age. At the same dosage (14 g/d for women asnd 17 g/d for men), no sigwifican:
differenpce was noted betweesp FOS and sucrose [11]

e, £

The UAR siuch.

Clinical tolerance to regular consumption of FOS also was studizd by Sione-
Dorshow and Levin {8]. In volunteers regciving a constant dajly amount ol FOS 15
g threge times a day with ma=als), they showed thar gaseons sympioms, such
flatulence, bloating and abdominal discomibn were sigpificantly mmors severes i
subjects ingesting thz FOS than in conwol subjects ipgesting sucresze. Miorsaner,
symptoms did not mpreve after a 12-day period on FOS, However, a1 this daily
dose, with the excepiion of famlence, syrmpioms were rated absens or mild and oo

subies: expenenced diarrhoes,

The Frernch study ]
The French scudy, performasd oo nealthy volunteers (6 females, 8 males, aged fom

21-37 vears), was a double-blind, randomized crosg-over study. The wolerance 1o
FOS was compared with that o sucrese | both sugars as hard candies (2.3 g of suzsr
ecach) were consumed occasicnally and regularly. In the first period, FOS
consumption was occasionnl, f.e, one dose of FOS and sucrose wers osted at
random on tuesdays and thursdays of gach week | 1w avoid any sdaptstion,
subscquent ingestiozns of FOS thus werg separated by at least 5 days | the swrting
dose was 10 g sugar dases were increased by 10 g unil diarrhoca andror a
symprom graded 3 occurs, or when volunteers did not want to ingest more candies.

&




In the second period, volunteers were asked 1o consume the sarme sugar {either FOS
or sucrose) every day according to an increasing schedule lasting at mest 13 days |
in the same manner, they consumed the other sugar sfter a2 washou: period of 15
days ; according to the schedule, subjects should reach the threshold found in the
first period (diarthoea and or grade 3 symptom) on the 15th day | on days 16, 17
and 18, they should ingest this dose plus 10, 20 and 30 g, respecrively | as in the
first period. subjects were asked to stop sugar ingestion if diarrhoea and/or a grade 3

symptom ocowred.

At each dose, the mean scores for each symptom (flatus, borborygmi, bloating,
cramps, diarrhoen) expericncad with FOS and sucrass were compared ; the 50 22
Heorive dose (EDso) was determined graphically. B2 exiretion in breagh was
measured on the 15th day of FOS and sucrose consumption. Fifteen deys afier the
conclusion of the study, treawth Fo excretion was again assessed before and afier
FOS ingesdon, to evaluate if 32 excreron was higher in these conditions than H»
excretion measured for the same daily dose during chronic consuraption of FOS.
Svmptomatc responses and laxarives thresholds were roughly similar Jurng the
cccasional and regular consumption of FOS. The threshold FOS dose was reachesd
in all subjeets : 13 experienced diarrhoca and one severs abdominal pain i the firs:
peried ; during the second one, § had diarrhoes, | complained of sevare flarus and -
id pet wani o wke more candies. in both studies, approximaiely 10 s =f the
volunteers camplained of flarus and borborygros with 10 g'd | Jor excess HSamas, e
first dosge 2t which the severity of the symptom was significansy higher wwith FOS
than with sucrose was 30 g ; for borborygrni, bloadng and abdominal eramnps, Uuz
doge was 40 g ; the mean threshold and laxative doses were approximatzly 30-60 g.
as EDso for dinrrhoea. The rmean volumez H2 excrered in breath was not
sigmificandy higber during the ozcasioral conswmption of FOS than during chromis
consumpiion {183 & 103 w 120 = 104 miF18 b | p = 0.16) ; H2 excretion »as 23 &

18 mi/16 h during the sucrose consumption.

The authors conciuded thor chronic consumprion of FOS inidared cauricusly with

subsequent gradual insresse ddid not improve telzrance, nor reduoce
pwdrogena. Their results continm that adapitive response of the mucrobi
be different with various unabsorbable sugars [12,131

2
floea oy
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Conclusions

Memabolic studies on Actiiight (a mixrui"c of oligosaccharides consistior of glucosy
linked to 2, 3 or 4 fructose units) have shown that FOS are poorly absorbed in the
haman small Intestine, byt completely fermentzd by ¢olonic flora

Diarrhoea has been reporied in rats fed a 10 %% or 20 36 FOS dier {morz than 10 2K
bw in the early period of feeding) bur laxative effect of FOS stopped within 2-
weaks, Howsver, the fecal wet weight and the concentation of SCFASs per gram ©
wet feces remained higher than in control rats at the begiouing of the 6th week of |

e 48
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or 20 %. FOS diet ; gaswointestinal transit time was inversely correlated with the
fecal wet weight. In animals on the 10 % FOS diet, no significant decrease in body
weight gain was observed ; the body weight gain of the group receiving the 20 %%
FOS diet was significantly lower, compared 1o the controt group.

In humans, the maximues non-e<ffective dose of FOS (expressed as pure FOS) on
dinrrhoes. was 0.3 grkg bw (approximately 24 gf/day) for men and 0.4 gr/kg bw
fapproximately 28 g/day) for women. At the administration of 0.2-0.3 g/kg bw,
diarrnoes did not occur in both men and women.

With 15 g (5 g three tirnes a day with meals) gaseous symproms, such as flatulence,
bloaring and abdominal disconfors were significanty more severe in subjects
ingesting the FOS than in control subjests ingesting sucrose. At this daily dose,
with the exception of flatulence, symptoms were rated absent or mild and no subjec:

experienced diarrhoea.
The amount of FOS which causss diarrhoes in 30 9% of healthy adole velunteers
{EID2n) was esrimated in two different studies o 0.8 ZRg bw, L.e, approximately 30

&0 g/day. Gasmointestinal symproms did not improve after a2 12 1o 15 day period on
FOS. In comparison the maximum pop-effecdve dose of gorbitcl and EDso for

sorbitol were lower (0.15 g/kg bw and 0.5 g/kg, respectively) than those for FOS,

-

ith its previous opinion on poivols (iéih series), the Couunities
30

In acoordance

concluded that, although iaxation may be observed a: high intakes {more than
g/day’} a consumption of the order of 20 g 2 day of FOS is uniixzly 1o cause mors
urdesirable laxatve symptoms than isornairn lactitol, rpaldiol, moanicc], sorbitsd
ard »viitel. The Commitiee hos no objection to the use of Actilight provided the

limizaton due (o 365 jaxatve action zre kept in mind.
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Regulatory Status/Claims
3/2006

Australia/New Zealand
Therapeutic Good Administration Listing
ANZFA - Approved
Fiber - Accepted
Bifidogenic Properties - Any statements must comply with FSANZ Clause 1
of Standard 1.1.3.

Argentina
Food Ingredient - Approved 1999
Fiber - Approved 1999

Belgium
Food ingredient - Approved 1991
Fiber - Approved 1991
Bifidogenic Properties - Not subiect to prior approval

Brazil
Food ingredient - Approved 2002
Fiber - Approved 2002
Bifidogenic Properties - Accepted, must comply with Brazilian Health
Authority (ANVISA) standards

Canada
Food ingredient - Approved 1995
Fiber - Pending issue
Bifidogenic properties - Pending issue

Chile
Food Ingredient - Not subject to prior approval
Fiber - Pending
Bifidogenic properties - Not subject to prior approval

Denmark »
Food Ingredient - Accepted
Fiber - Accepted

Finland
Food Ingredient - Accepted
Bifidogenic Properties - Accepted, must comply with the report of the
National Food Administration "Medicinal & Health claims in the
marketing of food stuffs”




France
Food Ingredient - Approved 1995
Fiber - Approved 1995
Bifidogenic properties (2.5g/day) - Approved 1997

Germany
Food Ingredient - Accepted
Fiber - Accepted
Bifidogenic Properties - Accepted

Italy
Food Ingredient - Accepted
Fiber - Approved 1993 _
Bifidogenic Properties - Not subject to prior approval

Japan
Foods for Specified Health Use (FOSHU) 1991
FOSHU: Food approved by the Ministry of Health and Welfare as effective
for preservation of health by adding certain active ingredients or removing
undesirable ones. These foods are designed to be effective for the
maintenance and improvement of health by incorporating them into one's
diet. Since the legislation of FOSHU in 1991, short chain
fructooligosaccharides has been approved and marketed in Japan. In
1998, scFOS was an ingredient in 11 out of 47 products containing
oligosaccharides.

Mexico
Food Ingredient - Accepted
Fiber - Accepted
Bifidogenic Properties - Not subject to prior approval

Netherlands
Food Ingredient - Approved 1995
Fiber - AOAC Method being considered
Bifidogenic Properties - Not subject to prior approval

Peru
Food Ingredient - Accepted
Fiber - Accepted
Bifidogenic Properties - Not subject to prior approval

Spain
Fiber - Accepted
Bifidogenic Properties - Not subject to prior approval




Sweden
Food Ingredient - Accepted
Fiber - ADAC Method
Bifidogenic Properties - Pending

Switzerland
Food Ingredient - Approved 1995
Fiber - Approved 1995

United Kingdom
Food Ingredient - Accepted
Bifidogenic Properties - Not subject to prior approval

United States
Dietary Supplement - Approved 1994
Self-Affirmed as GRAS in vogurt (1994), medical foods and poultry (1990)
FDA GRAS Affirmation Notification - No Questions Letter, November 2000
Dietary Fiber Definition - **
Bifidogenic Properties - Not subject to prior approval

**The Institutes of Medicine (IOM) has proposed a dietary fiber definition which
includes scH0O5 as a dietary fiber, This definition is applied by most companies in
advance of FDA adoption.




SPECIALYY IHGREBIENTS

Material Safety Data Sheet

Product: NutraFlora® P-95
Short-Chain Fructooligosaccharides (scFOS™)

MSDS No: GTC/NI
Date: October 2004

National Paint and
Coatings Association HEALTH HAZARD 0 — Minimal

FLAMMARBILITY HAZARD | 0~ Minimal

Hazardous Material
Identification System REACTIVITY HAZARD 0 — Minimal

PERSONAL PROTECTION SEE SECTION VIl

SECTION 1. MATERIAL IDENTIFICATION

Trade/Material Name: NUTRAFLORA® P-95

Chemical Name: Fructooligosaccharides Powder

CAS: Fructooligosaccharides 308066-66-2

Manufacturer: GTC Nutrition Phone: Emergency: (303) 216-2489
600 Corporate Circle, Suite H Other Calls: (303) 216-2489

CGiolden, CO 80401

SECTION II. INGREDIENTS AND HAZARDS

Ingredient Name: Percent: Exposure Limits;
Glucose, Froctose, Sucrose <5 Not Hstablished
HFructooligosaccharides > 95 Mot Hstablished
GF2: -Kestose 35 Mot Hstablished

Not Hetasblished
Mot Estabhshed

GHE3: Nystose
GFd: 1-Froctofuranosyl Nystose

el
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bR R
fL =S o R

SECTION LiL PHYSICAL DATA




Appearance & Odor
Boiling Point;

Vapor Pressure:

Water Solubility (%)
Vapor Density (alrs 1)
nH:

Evaporation Rate:
Specific Gravity (HO=1)
% Volaiile by Volume:

White Powder, Odorless

Nia,
NIA

Soluble in water

NiA
N/A
N/A
N/A
NiA

SECTION IV. FIRE AND EXPLOSION DATA

Hlash Point (Method):
Pamts: LEL %
Bxtinguishing Media:

N/A
N/A
N/A

Unusual Fire or Explosion Hazards:
Special Fire-Fighting Procedures:

UEL %: N/A

MNone
None

SECTION V. REACTIVITY DATA

Material is stable

Hazardous polymerization cannot ocour

Chemical Incompatibilities:
Conditions to Avoid:

Hazardous Decomposition Products:

None
None
None

SECTION VI, HEALTH HAZARD INFORMATION

Acute HEffects: NIA
Chromc Effect (s» Mone
First Aad:

Eve Contact:  Flnsh with water
Skin Contact:  Flush with water
Inhalation: Remove to fresh air

SECTION VIL SPILL, LEAK AND DISPOSAL PROCEDURES

Spill / Leak Procedures: Vacuum/ Sweep spillage
Waste Management / Disposal: Dispose of waste product in accordance with applicable

Local, County, State and Federal regulations

SECTION VI SPECIAL PROTECTION INFORMATION

Personal Protective Hguiprent:

Goggles: Not generally required, safety glasses are good practice
Gloves: Not generally required, otherwise rubber or leather gloves
Respirator: None
Workplace Considerations:
Ventilation: None

SECTION IX. SPECIAL PRECAUTIONS

{ther Precautions: None

)




While GTC Nuirition believes that the data contained herein are factual and the opinions expressed are those of
guakified experts regarding the resulis of the tests conducted, the data are not o be taken as a warraniv or
representation for which GTC Nuotrition assumes legal responsibiiity. They are offered solely for vouwr
consideration, investigation and verification. Any use of these data and information must be determined by the user
{0 be in acvordance with applicable Federal, State and Local Iaws and regulations,

600 Corporate Circle » Suite H » Golden, CO B0401 » 800-322-4682 « www, gienuirition com
A business unit of Corn Products nternational, Inc.
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Application of Fructooligosaccharides %@_;’Médim*a% Foods as a Fer-
mentable Dietary Fiber

SEIN-RE 38, 575 Cleveland Avenus, Columbus, Ohio 43215-1724, US A,

kyvo, July 3, 2001, Recelved for publication, August 31,

Fructooligesaccharides are an ideal source of fermentable fiber for medical foods. Typically, medical foods are Hquid,
many of which are fed £o patients through a tube, Liguid medical foods that are fed through a tube must be low in
viseosity, Fructooligosaccharides are soloble and will not clog feeding tubes and do net significantly increase the viscosiy
of the product. Rationsle for the use of Pructooligosaccharides in medical foods inchudes: normatization of bowel function,
muaintenance of karge bowel integrity, restoration of colonization resistance, alteration In route of pitrogen excretion,
and improvement in caleium sbsorpiion. Normalization of bowel function refers to the treafment or prevention of
constipation or diarrhea in patients receiving a medical food, Fructooligosaccharides, through anacrobic fermentation
by colonic bacteria and the production of short chuin fatty acids, may be sseful in preventing large bowel atrophy or
treating distal nlcerative colitis. Fructooligesaccharides, by selectively supporting the growth of bifidobacteria or
producing an environment in the colon (8., inereased short chain fatty acld concentration or decreased pH) that is not
condueive to the growth of certain pathegenic organisms, may help restore colonization resistance. Anaerobic
fermentation of fructooligosaccharides, leading to the bacterial cell growth and & reduction is colonie pH, may shiff
nitrogen excretion from the arinary to the fecal route. Improvements in caleinm absorption may ocour through
mechanisms involving short chain fatty acid absorption and a reduction in Iarge bowel pH, Overadl, compatibility with
liquid products and numerous physiclogical benefits to the patient justify the use of fructoeligosaccharides in medical
foods.

Key words:  fructoolizessccharides; fermentable fibery medical foods; bowel fonction; colonization resistance

recognized scientific principles, arc established by medi-

INTRODUCTION cal evaluation.” Medical foods are typically Hguid;

Nugmerous health benefits are associated with the con- patients may require that the product be administered
sumption of dietary fiber. In 1987, the Federation of via an enteral feeding tube. Infernal dlametor of an en-
American Societies for Experimental Biclogy recom- tersl feeding tube, for obvious reasons, is small. I a

mended a dietary fiber intake of 10-13 £/1000 keals medical food is fed without the aid of g pump, its vis-
{23}, Also, based on investigational experience with a cosity must be kept below 0.1 pascal seconds. Unfor-
variety of self-selected and experimental diets, the Panel minately, dietary fiber, particulasly soluble dietary fiber,
estimated that the dietary fiber in the recommended diet has a tendency o increase the viscosity of Hould medi-
would comprise approximately 70-75% iasoluble - cal fonds, Also, imscluble fibers settle o the hottom of
bers and 25--30% soluble fibers. Most individuals can the container, increasing the risk of tube clogging.
meet this recommendation by incorporating grains, Hence, it was imperative that sources of fiber or fiber-
fruits, and vegetables into their diet. However, certain like material be identified that provided phyvsiological
individuals must use a medical food 10 meset their di- benefits but did not compromise the physical siability
etary needs. A medical food is defined by the 118, Food and feeding characteristics of the medical food.
and Prug Administration (%) as "a {ood that is formu- Mondigestible oligosaccharides are soluble and ferment-
Iated to be consumed or administered enterally under able and represent an ideal source of dietary fiber {or
the supervision of a physician and is intended for the use in medical foods,

specific distary management of a disease or condition An oligosaccharide is a carbohydrate consisting of a
for which distinctive nutritional requirements, based on small number (from 2 to 4 or as many as 10, according

o various suthorities) of monosaccharides (24, Many
*Corresponding author. Meiling sddress: Ross Products Division, Abbtiu' types of nondi g estible ol gosace harides are pro dueed
. ; 5 o commercially from various sources of food materials
math: kel garleb® sbbott.com {Table 1), Xvlooligosaccharides (XO8) are prepared
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Table 1, Mondigesithle oligosaccharides.
. . Source/ Reducing
Oligosaccharide o HeIng
Origin sugar
Short chaln fruciooligosaccharides SUCFOSE 64
Frutan-hased oligosaccharides inulin yes
Kyiooliposaccharides xyian ¥es
Soybean oligosaccharides soyheans THY
Galacteoligosaccharides lactose yes
Lactilose lactose yes

through the enzymatic hydrolysis of the xylan from
corn, sugar cane, or cottonseed. Xylobiose, the main
component of XS, is relatively abondant in bamboo
shoots (33 cited from 37 XOS is a reducing sugar,
thus making it susceptible to the formation of Maillard
products during liguid nuintional manufactoring. The
Maillard reaction includes all reactions involved when
an aldebyde (or ketone) and an aminoe group are heated
together {7, This non-enzymatic browning reaction
forms linkages that are not hydrolyzed during diges-
fhon resulting in the loss of amino acid availahility, Any
oligosaccharide that containg reducing sugars would be
susceptible to the formation of Maillard products with
free o-NH) groups and especially the &-NHz group of
lysine,

Soybean oligosaccharides are extracted from soybean
whey, a by-product of soy protein concentrate produc-
tion. Soybean oligosaccharides contain primarily sp-
crose and the nondigestible oligosaccharides raffinose
and stachyose. The safety of sovbeans and its compo-
nenis is considered unquestionable in view of their long
history of use in common foods.

Galactooligosaccharides, also known as {rans-
galactosylated oligosaccharides (TOS), are produced
fronn factose throngh the fransgalactosylation resction
of Aspergillus oryzoe f-galactosidase, TOS has the
general formula Gal-(Galy,-Gle where Gal denotes a
galactose residue, Gic denotes a ghucose residue, and »
denotes an integer of 1104 (93} TOS or TOS-like oli-
gosaccharides are found in human milk. TOS isare-
ducing sogar and s susceptible 10 the Muillard reac-
fion,

Lactelose is a synthetic disaccharide {(4-0-f-p-
palactopyranosyl-p-fructoforanose) prodoced through
{he alkali isomesization of lactose. Lactilose is uged in
the treatment of patients with hepatic encephalopathy
{67).

Fryctan-hased oligosaccharides are also referred to
as phigofruciose in the scientific Hierature (77, 78).
Fructan-based oligosaccharides are produced by the
enzymatic hydrolysis of innlin, a storage carbohydrate

L o al,

found in high concentrations in Jerusalem artichokes
and chicory. The hydrolvsis resulis in 2 wide array of
oligosaccharides such as 1-kestose, nystose and 1'-f
fruciofuranosy! nystose as well as oligosaccharides
confaining only fractose. Because fractan polymers
have 2 reducing end, they are susveptible o Maillard
product formation.

Shert chain fructooligosaccharides {(eg., scFOS,
Neosugar, Nutraflora™, Meioligo®) are enzymatically
synthesized {f-fructosyliransferase} from suerose and
have been isolated from such foodstuffs as onions,
wheat, barley, bananas, fomatoes, garlic, and artichokes
{13, 92, 95). The isclation and development of frucio-
pligosaccharides was first reported in the Japanese lit-
erature in 1983 {46 cited from 451 Although frucio-
oligosaccharides can be extracted from a variety of
plants, they can alse be produced by adding Aspergil-
fus niger froctosyltransferase to sucrose {47}, Shont
chain FOS {s¢F0O8) consists of the following
fructooligosaccharides: 1-kestose, nystose and 17-5-
fructofurancsyl nystose, Basically, short chain
fructooligosaccharides are a sucrose molecule linked
{0 a sequence of 1103 fructose molecules via a (2-1)-f
glveosidic bond to the fructose unit of suerose. Short
chain FOS is a non-reducing sugar and wili not un-
dergo the Maillard reaction. The Ross Produoets Divi-
sion of Abboit Lahoratories incorporates scFOS into
several medical foods. The application of 5cFOS to
medical foods as a fermentable dietary fiber is discussed
helow.

MICROFLORA DISTRIBUTION AMND FERMENTA-
TICH OF FRUCTOOLIGOSACCHARIDES

The physiclogical effects of seFOS are directly re-
tated o the fact that the oligossecharides are not di-
gested in the upper gastrointestinal tract but remain in-
tact as they enter the large bowel where they are fer-
menied by the indigenous microfiora. A number of stud-
ies have shown that scFOS are not hydrolyzed by the
digestive enzymes of vertebrates. Hydrolysis of scFOS
could not be demonstrated dusing in vitro incubations
with efther human icianal homogenates (778 or ha-
man salivary enzymes (46} Furthermore, soPOR were
shown 1o be indigestible kn rats (74) and failed (o elicli
an insulin response when fed to humans ¢46). While
mammalian enzymes are unable 1o degrade scFOS,
there exists within the gastroinfestinal tract a large and
diverse microfiora population capable of uviilizing
scFOIS as an energy source.

The population distribution of bacteria differs in the
various parts of the gastrointestinal tract. In general,
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the mouth, stomach, and most of the small intestine are
dominated by aercbes or facoltative anaerobes since
these locations are not anaerobic, and population den-
sitles are relatively low (10° to 10® bacteria per gram).
Population density rises markedly at the fleum reach-
ing close to 10" per gram from the cecum 1o the rec-
. In the colon, strict anaerobes outnamber aserohic
organisms by o factor of 1,000:1, and the predominant
genera include bacteroides, eubacteria, peptococed, and
bifidobacteria (29).

Fermentation, the process by which snaerobic organ-
wsrns break down dietary and other subsirates 1o obtain
energy for growth and the maintenance of cellular func-
tion, is an important component of large bowel activity
{23), More thans 70% of the energy from carbohydraie
fermentation is conserved as short chain latty acids
(SCFA) and other fermentation prodoets (methane,
€0, and Ho); some of these fermentation end-prod-
ucts can be absorbed and ptilived by the host (87, The
remaining 30% of the energy is usedd by bacteria (o sup-
port growth (synthesis of monomers and polymeriza-
won) and non-growth-related {mainienance of fon gra-
dienis, nutrient ranspor!, motility) functions,

The three predominant SCFA, acetate, propionate,
and butyrale, account for 83% of the SCFA produced
during fermentation (84), and they are produced in an
approxinate ratio of 60:20:20 (22). Theoretically, the
compleie fermentation of | gram of carbohydrate should
lead 1o the formation of 10 mmol of S8CFA (27). Daily
production of SCFA in the human colon has been esti-
mated to be greater than 300 mmol/day, ver fecal ex-
crefion is only about 10 mmol/day £50). Most of the
SCFA produced during fermentation are absorbed from
the large bowel. Using a dialysis bag technigue, McNei
et al. {65 estimated absorption rates of SCFA from the
rechun 10 be 8.9 pmol/om¥hr (8.2, 1.8, and 1.9 tmol/
cré/hr for acetate, propionate and butyrate, respec-
fively)

SCFA serve as a source of encrgy for the host, Ao
glate, the most abundant SCFA, is prmarily used as 2
foel for host tissnes. 1t is the only SCFA foond at ap-
preciable levels in the peripheral blood where it may
be oxidized in muscle and adipose tissue. Propionate
may be oxidized by the colonocyies as a source of on-
ergy but is helieved o be primarily used by the liver as
a substrate for giuconeogenesis (39). Butyrate is pref-
erentially oxidized by colonocyies as a source of en-
erpy. Roediger 179) found that more than 70% of the
oxygen consumed by colonocyies from the ascending
and descending colon was due to butyrate oxidation in
isolated human colonocyies,
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PRYSIOLOGICAL BEFFECTS

As mentioned previously, the structural characteris-
tics {i.¢, nondigestible in the upper gastrointestinal fract,
non-redocing sagar, snd highly soluble) of soFOS make
for an ideal Termentable fiber source in medical foods.
Potential physiological benefits of scFOS for patients
incinde positive offects on bowel function, large bowsl
integrity, prebiotic and colonization resistance, nitro-
gen excretion and calcium absorpiion.

Bowel Funciion

Of all the physiological benefits of dietary fiber, its
effect on bowel habiis is the most noded. The effect of
dietary fiber can best be deseribed as a "normalization”
of bowel function and has been used for the realment
and prevention of both constipation (52) and diarrhea
{119}, Homan studies confirm that the consumpiion of
scFOS can affect stool consistency and subsequently
constipation. Hata and Nakalima (43} administered
varying single doses of scFOS to 80 healthy adulis (51
males and 29 females; ages 20 (o 59 and determined
that the dosage resulting in 30% of the subjects experi-
encing diarchea {a watery stool during the first defeca-
tion following ingestion of scFOR) was approximately
(.8 g scFOS/kg body weight. Subsequent studies con-
ducted by Buet et al. (72} in which healthy human adulis
received acute or chronde dosing with s¢FOS sener-
ated similar resuits. Tokunaga of al, {700} showed that
healthy volunieers had sofler stools and increased fre-
guency of bowel movements when they consumed
seFOS for two weeks {up to § gfday) than during
baseline or after a week washout period. The adminis-
tration of scFOS has been reported to relieve moderate
cases of constipation; {46, 94} however, severe consti-
pation was not alleviated (94}

Fructooligosaccharides may promote laxation viaa
mechanism simmtlar to that of other nondigestible car-
bohydrates (49, 18} such as lactulose. Based on avail-
able evidence from rais ({6, 46, 97) and from humans
{3, 12, 18, 48, 93}, the laxation effect of fructooligosac-
charides is dose-dependent and 18 the result of 3 com-
bination of factors similarto those atiributed 1o lactulose
{6i): 1) increased bacterial growth, 2) gas production,
and 3} increased iniraluminal osmolaniy and/or de-
creased stool pH.

Fructooligosaccharides, through anaerobic fermen-
fation and production of short chain fatty acids, may
play a positive role in the alleviation of diarrhea. Wolf
gt al. (116) compared the fermentability of several
nondigestible oligosaccharides, Short chain fructooli-
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Fig, 1. Net movement of sodinm and water in the rectsm of
conrol sublects (e = 0) and patients with acule Harrhes (r=
T
Al values are mean® SEM. W/o SCRA contained 140 mmal/]
sediern choside while w/ BCFA contained a mixture of short
chain fatty aclds (sodinm, acetate, propionate, hutyrale, and
chloride; 140, 60, 40, 20 apd 20 mmol/, respectively). &, p<
0.05 compared with control; #, p < (.01 compared with wio
SCFA patients; ¥, p < 001 compared with comtrol. Modified
from Ramakrishna and Maban 175}

gosaccharides, xyloohgosacchandes, and hydrolyzed
inulin were fermented with human fecal inoculum in
vitro. Fermentation rates of #ll oligosaccharides were
rapid, being essentially complete by 6 hours for the
scFOS and hydrolyzed inolin, and by 12 hours for the
sviooligosaccharides. A similar study evaloating the
fermentability of soy fiber, gum arabic, fructooligosac-
charides and Iactulose was conducied by Garleb et al.
{32). Pructooligosaccharides and Iactulose were for-
mented much more rapidly {p < 0.01) than either rum
arabic or soy fiber, Purthermore, the formentation of
s0FO8 was essentially complete by 6 hours and by 12
homrs for lactuiose.

Short chain fatty acids can improve bowel Tunction
by facilitating water absorption. The absorption of 100
mmol SCFA is associated with the absorption of 360
mi water {77). Ramakrishna and Mathan {75} found
that fecal output of SCFA in patients with acute diar-
rhea was low on the first day of illness, but increased
over the nexi five days as the patieats condition -
proved, Furthermore, they demonstrated that Tuminal
SCFA counld restore net water and sodivm reabsorption
in the rectum of patients with acuie diarrhea (Fig. 1).
Invivo perfusion studies in healthy subjects have shown
secretion of salt and water in the ascending colon in
response to enteral feeding (9, 10). Bowling ef al. (&)
investigated the offect of SCFA on colonic finid secre-
tion induced by enteral feeding. The researchers found
that SCFA infusion into the cecum of healthy subects
reversed the fluid secretion seen in the ascending colon
during enteral feeding and theorized that these findings
could have imphcations for the management of diar-
rhea related (o onteral feedings.

Large Bowel Integrity

Fructooligosaccharides, through the production of
SCFA, may be uselul in maintaining large bowel in-
tegrity or serving as adjunctive therapy for the treat-
ment of inflammatory bowel disease. The feeding of
dictary fiber has been associated with the stimulation
of colonic ceil proliferation. The stimuiatory effect has
heen atfributed to the SCFA produced during fiber fer-
mentation. SCFA may stimulate proliferation directly
or indirectly by mediating blood flow or pH. This phe-
nomenon has been observed in both the large and small
boswel, For example, Aghdassi et sl (2 found that re-
ducing colonic fermentation resvlied in reduced intes-
inal adaptation and nutritional recovery in rats with
massive smoall bowe! resection. Moreover, others have
observed stimulation of small bowel mucosal prolif-
erafion with SCFA supplementation (858, 85). Younss
et al, {177} adminisiered to rais a iber-free digt or diots
congaining 7.5% Hber as oat fiber, gum arabic, scFOS,
or XO8, Cecal wall weight was significantly greater
{p =« (.05} for the fermentable substrates {that is, puim
arabic, scHFOS and XO8) compared with the poorly for-
menied oat fiber and the fber-free control. Howard et
al. {31} fed supplemental (3 g/ s¢FOS in a lignid digt
{0 neonatal pigs and chserved increased cell prolifera-
tion 1n the proximal and distal colonic epithelial mu-
cosa (Fig. 2). From these animal experiments # can be
concluded that fermentable substrates may play a key
rode in the maintenance of large bowel integrnity and
function.
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Fig. 2.
diets containing 0 or 3 grams scFOSR per lier,
AH values are mean & SEM, Within colonic section, bars with
pnlike superscrip letters differ (p < 0.01). Modified from
Howard et al. (571

Proximal and distal mucosa growth in neonats] pigs fad

Increasing interest has been generated in the use of
encrnasfirrigation solutions containing buffered, physi-
ologie tevels of 5CFAs for the treatment of diversion
colitis and ulcerative colitis. Diversion colitis is an
inflammatory process arising in segments of the
colorectum at various intervals after surgical diversion
of the fecal stream. The endoscopic appearance s simi-
lar to those of active Crohn's disease and oleerative
colitis (36} The cause of this condition is not knowa,
but ope mechanism has been postulated; 2 nutrifional
deficiency of the colonic epithelium, specifically due
1o the absence of SCFAs normally present in colonic
contents {37, 87). Harig ct al. (42} tested this hypoth-
esis by assessing whether a SCFA irrigation could ame-
Homte inflammation in four patients with diversion
colitis. After 2-3 weeks of therapy, macroscopic and
histological spsohstion of inBlammation was evident.

An impaired utitization of SCFA also has been im-
phcated in uicerative colitis which suggests that dhmin-
ished intraceiiular energy produection may be impor-
ant in the inflanmatory process (862, It has been dem-
onstrated that fecal water from patients with oleorative
colitis contams reduced concentrations of SCHFA as well
as markedly increased lactate and low pH (703, 105).
I a study by Brewer et al. (77 the effect of large bowel
irrigation with SCFA in patients with ulcerative colifis
was studied. It was found that 9 oot of 10 patients com-
pleting the study were judged o be at least much Im-

proved and showed a significant change in mean dis-
ease aclvity index score and mucosal histology score,
Senagore et al. {90) confirmed the results of Breuer et
al. (1) demonstrating an 80% response rate in patients
with idiopathic proctosigmodditis. This study indicates
that administering a solutdon of 8CFA similar to Harig
et al, {42} for six weeks was eqgually efficacions o cor-
ticosteroid or S-aminosalicylate for the treatment of
prociosigmoiditis at a significant cost savings.
Scheppach et al. {86) investigated the use of butyrate
enemas alone rather than the SCPA mixture to treal ten
patients with distal ulcerative colitis in a placebo-con-
frotled, single-blind, randomized trial. The suthors con-
clirded that butyrade as an end product of bacterial fer-
mentation in the targe bowel markedly improved dis-
ease activity index and histological parameters suggest-
ing that the effect of 2 SCFA mixture on the inflamed
micosa in nloerative colitis is largely attribuiable fo 1s
butyrate mokety.

Tt is unlikely that SCFA added directly to an enteral
product would reach the large bowel. Medical foods
can take advaniage of the positive effect of SCFA by
providing fermentable fiber. For example, Rolandelli
et al. {82} demonstrated a benefit of a fermentable fiber
(pectin) in the treatment of experimental colitis. Also,
Grisham et al. {38 evaluated the effect of entoral diets
containing fish oil or fermentable substrates such as
seFOS or XO8 on chronic colitls induced with pepti-
doglyean polysaccharide in rats. Histological and bic-
chemical markers of inflamenation were improved.
Recently, Seidner et al. {89} asscssed the efficacy of a
novel medical food supplemented with fish oil, scFOS,
gam arahic, and antioxidants on reducing corticoster-
oid use in aduits with mild {0 moderate ulcerative coli-
tis. Patients given this formula had a significantdy
greater rate of reduction in the daily dose of prednisone
over & months as compared 1o controls receiving a su-
crose based placebo.

Prebiotics and Colonization Resistance
Fractooligosaccharides are a prebiotic: a nondigest-
ible food ingredient that improves host health by selec-
sively stimulating the growih andfor activity of one or
a limited number of bacteria in the colon (33}, fn virro
experiments indicate that scPFOS are utilized by several
heneficial species of gastrointestinal bacteria, but nol
wtilized by potentially pathogenic species, Using pure
cultures, Hidaka et al. (46) showed that bactercides and
bifidobacteria grew fo high optical densities and pro-
duced large amounts of organic acid when scPOS were
provided as an energy source. However, potential patho-
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gens such as Escherichia coli and Clostridium per-
Jfringens did not. Similar resuits were noted by Wang
and Gibson (708) who showed that oligofructiose or
inulin selectively enhanced the growth of bifidobacteria
in fecal slurries with little change in the numbers of
either clostridia or coliforms.

Earichment for bifidobacteria in human feces has also
been demonstrated in vive. When scPOS were fed to
elderty Fapanese patients, bifidobacteria numbers in
feces increased approximately 10-fold (66). The mag-
nifude of the increase depended upon the namber of
bifidobacteria that were initially present; individuoals
with high initial counis of bifidobacteria showed little,
# any, increase in bifidebacteria in response to treat-
ment with scFOS. Individuals who initially had low
numbers {less than 10° cfa/g stool) showed two to four
log mcreases in counts (48). In healthy adult volun-
teers, Williams et al. {770} reporied an increase in fe-
cal bifidobacteria numbers with the consumption of
4 g FOS/day. A study conducted by Garieb et 8l (33
Turther documented the bifidogenic capacity of scFOS,
In this study, healthy subjecis were fed a low residue
polymeric formula (LEPF), LRPY + § o FOS/ (-15 g/
dayy, or LRPF + 14 g FOS/ {(-31 g/day). The scFOS8
Bad 2 stpnificant fmpact on fecal bifidobacteria levels.
On day 14 a greater number (p < 0.001) of bifidobacteria
were detected in the feces of subjects consuming for-
malas containing seFOS compared with those subjects
consumming the LRPF without scFOS.

Colonization Resistance

Indigenous bacteria confer colonization resistance {o
the host. In the gastrointestingl tract, this phenomenon
refers to the ability of the indigenous microflora to pre-
vent the colonization, overgrowth and/or translocation
of poientially pathogenic microorganisms. This con-
cept was first described by Van der Waaij et al, (104}
who showed that indigenous angerobic organisms pre-
vented colonization by opportunistic pathogens, Colo-
nization resistance has been attribuied to several mecha-
nisms: production of inhibitory compounds such as
SCFA, Ho5, and bacteriocing (30, 40, 83); reduction of
oH and low oxidation-reduction potential (44); and
competitton for substrates (40, 7117). Many research-
ers (13, 104, 100} believe that the anzerobic flora play
a primary role in colomization resistance and that the
resistance involves the mucosal immuone system (103).

An excelient example of colonization resistance is
the relationship between indigencus bacteral microflora
and Clostridinm difficile. C. difficile, a spore forming
obligate anacrobe, is the leading known cause of noso-

comial diarrheal infections (37, 63} Although this or-
ganism is a component of the normal intestinal fiora of
about 3 to 3% of healthy adults, i can be detected in
the stools of up 1o 15 1o 20% of hospitalized adulis {26}
Infections due 1o O difficile are responsibie for all cases
of pseudomembrancus colitis (PMC) and for up 1o 20%
of cases of antibiotic-associated diarrhea without coli-
tis {54, 64).

When established in the colon, pathogenic strains of
O, difficile produce exotoxins ({oxin A and toxin B)
that are the cavse of diarrhea and colitis {7, 98, Toxin
A causes fluid secretion, mucosal damage, and intesti-
nal inflammation when injected into rodent infestine
{761}, Toxin B is a more potent oytotoxin in ssue col-
ture than toxin A, but it is not enterotoxic in animals
{34},

Use of almost any antibiotic can cause O difficile
infection, bt broad-spectrum antibiotics with activity
against enferic bacteria are the most frequent agents.
Clindamycin is notorious for its propensity to induce
the disease (99), In current practice, however, broad-
specirum peniciilins and cephalosporins are the most
common culprits, reflecting their widespraad use {69},
Other factors including chemotherapy (4), dietary
changes, anesthesia, surgery of the infestinal tract, wre-
iz, and varicus nonaniibiotic medications have been
known to precipitate PMC. PMC may occur during the
pericd immediately and almost always within 6 weeks
after the use of antibiotics has been discontinued.

All of these causative factors spggest that . difficile
infections are associated with the disruption of the nos-
sl bowel microbiota, Wilson et al. ¢ 773) noted tha: O
difficite could not colonire hamsters in the presence of
an undisturbed colonic microfiora, vet . difficile rap-
idly attained a large population size when introduced
into antibiotic-ireated animals. Likewise, C difficile was
able to achieve a popuiation of over 10° CFU per cecumm
when inocylated into gnotobiotic mice, but coloniza-
tion was suppressed to undetectable levels by intesti-
nal fora of conventionaliv-colonized hamsters and mice
{112}

The standard treatment for O difficite-associated dis-
£ase s adminisiration of the antibiotics vancormyoin or
metronidazole. Standard antibiotic therapy s effective
in B0% of patients with O difficile-associated disease,
but the remaining 20% experience further episodes of
diarrhea or colitis during the permissive period after
the antibiotic has been discontinued (5, 28, 1072 Once
patienis have had one recorrence, they may experience
repeated episodes of the disease over several years (27,
36).
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diet and day. Sowrce: Gasking et a, (345

g 4. Survival curves for ciprofloxacin treated hamsters (= 8 per treatment) receiving either 0 gor

30 g 5cFOS per bter of drinking water.
Modified from Wolf et al. (J15).

Given the causative role of antibiotics in the onset of
. difficile infection, aliornative therapies might offer
more effective strategies for the prevention or treatment
of . difficile infection. Promising resulis have been
obtained by restoring normal gut flora. Using a ham-
ster model, Wilson et al. {774) found that administra-
tion {oral pius rectal) of normal cecal homogenates
decreased the numbers of viable C. difficile and pre-
ventod cocitis i antibiotic-challenged anmimals, Schwan
et al. (87, B8} effectively treated recurrent O diffivile
infection by giving enemas with fecal contents from
healthy adult humans, While direct incculation with
gastrointestinal microflora appears effective, #s accopt-

ability in a chinicai setting is questionable. A betier ap-
proach may be to use fermentable fibers such as sel?OS
1o restore the pastrointestinal microflora and environ-
ment,

In an in virro model, Mav et al, {61} also showed that
fermentable fibor (resulting in increased SCFA concen-
trations and decreased pH) effectively inhibited the
growth of C. difficile and toxin A prodaction. The in
vitro system further demonstrated that pH levels less
than 6.0 and/or a SCFA concentration greater than 100
md could markedly suppress the growth of O difficile
and the production of foxin A, In addition, May ct al.
{62} found that dietary supplementation with oligosac-
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charides (scFOS or XOS) suppressed the growth of C
difficile, proteeted cecal epithelial tissue in mice, and
reduced the incidence of darrhen in € difficile-chal-
lenged mice. Gaskins et al. (34} demonstrated that the
administration of scFOS o celoxitin reated mice in-
oculated with © difficile produced toxin A titer in fe-
ces significantly lower (p < (.05} than animals not re-
ceiving sePOS and similar to mice not compromised
with sntihiotics (Fig. 3). Wolf et al. (175) demonstrated
that dietary supplermentation with scFOS increased sar-
vival fime in a hamster model of O difficile-colitis (Fig.
43y, It is interesting 1o note that the bepefif due 1o the
supplementation of scPOS in this study was above any
effects of fiber contained in the basal dict. In consider-
ation of the research conducted in this area, the addi-
tion of scFOS 1o a medical food may be bepeficial for
patients at risk of O difficife infection in lonp-term care
institations and hospital wards.

Nitrogen Excrevion and Calcium Absorption

The addition of fiber 10 a diet can potentially alter
total body nitrogen metabolism by enhancing bacterial
metabolism and thereby increasing the incorporation
of nitrogen into fecal bacteria. This in turn increases
fecal pitrogen excretion and subsequently reduces uri-
nary nitrogen excretion (74, 55). For example, lactulose
has been reported to depress ammonia absorption from
the large bowel {20} and o eshance fecal nitrogen ex-
crefion (48], In addition, innlin has been shown o en-
hance urea capture by the rai cecum (76) and promote
fecal nitrogen exerction, particularly when the level of
protein in the diet s moderate (605 Younes et al, 1177}
dernonstrated in rats that fermentable fibers such as gum
arabic, xylocligosaccharides and scFOS can increase
fecal nitrogen excretion at the expense of wrinary ni-
frogen excretion. Such data indicate o potental benefit
for nondigestible oligosaccharide therapy in patienis
with renal insufficiency or chrondc renal disease.

Comsiderable efforts are underway 1o encourage all
people, women in particular, (0 increase their calcium
consumption for improved bone healith, Ingredients that
improve mineral sbsorption also could be beneficial,
Fermentable fibers such as inulin (39), hydrolyzed goay
gum (471 and scPOS (71-73 ) bave been shown to en-
hanee caleiur absorpiion, This enhanced absorpiion
ooours in the large bowel (70, 72 73) through a variety
of mechanismas involving SCFA {102}, pH, and
calbindin-D9K ¢70).

CONCLUSION

Fractooligosaccharides represent an ideal source of

fermentable fiber for use in medical foods. Pructooli-
gosaccharides are highly soluble but Jow viscosity fibers
that will not compromise the fube feeding characteris-
fics of a medical food, fr vifro, animal, snd in several
instances, human research has been conducted 1 iden-
1ify and support the potential physiological beneflis of
fructooligosaccharides. Clinical research to support the
use of froctooligosaccharides in several patlent popu-
lations is underway.

BEFERENCES

£7} Advian §. 1574, Nutritional and physiological conse-
guences of the mailiard reacsion. World Rev Nutr Diat

{7} Aghdassi B, Plapler H, Kurian B, Rains N, Royall B,
Jesieebhoy KN, Cohen Z, Allard JP. 1994, Colonic fer
mentakion and noiritional recovery in rats with massive
small bowel resection, Gastroenterclogy 187 637-642.

£33 Alles MBS, Hautvast JG, Nagengast FM, Hariemink R, Van
Laere KM, Jansen JB. 1996, Fate of fructooligosac-
charsdes in the homan intesting, Br 7 Mugr 760 211-221,

£4; Anand A, Glart AB. 1993, Clostridium difficile mfection
associated with antineoplastic chemotherapy: A review,
Clin Tnfect Pis 17: 109113,

{5} Bartlett JC3, Tedesco FJ, Shuil 5, Lowe B, Chang T. 1984,

Symptomatic rekapse after oral vancomycin therapy of so-
iihiotc-assoviated pseudomembranous colitis, Gastroens

serology T8: 431-434.
7 Bass P, Singaram C. 1994, Cathartic properties of disac-
charide, fn Hepatle Bncephalopathy: Syndromes and
Therapies, Conn HO, Bircher J {eds), Medi-Ed Press,
Bloomingion, i p. 387-308.

{7} Benno Y, Kobayashi T, Watanabe K, Ueno K, Nozawa
¥, 1981, Two kevins (-1 and -2y of Clostridium difficile
causing antibiotic-associated colitls: Purification and some
characterization. Biochem Int 2t 625635

8} Bowling TE, Raimundo A, Grimble GK, Sik DB, 1993,
Reversal by short-chain farty acids of colenic fuid secre-
tion induced by enteral feeding. Lancet 342 1266-1208.

{8} Bowling T, Baimundo AH, Silk DB, 1993, Colonic secre-
tory effect in response 10 enteral feeding in man. Gut 34
{Rappl 13 533,

{16} Bowling TE, Raimundo AH, Sitk DB, 1993, The colonic
secretory response [0 enteral feeding: influence of high
strengih diet. Che Nutr 12 (Sappt 2 23

{41} Breuner BY, Bito SK, Christ ML, Bean §, Vernda AP, Paoluzi
P, DiPaclo MC, Caprilli B, 1991, Rectal indgation with
short-chain fasty acids for distal sleerative colitis (pre-
liminary report), Dig Dis Sci 36; 185187,

(i2) Briet F, Achour L. Flowrie B, Beaugerie L., Peilier P,
Franchisseur €, Bomet F, Rawband | 1998, Symptom-
stic response to varving levels of fructoolgosaccharides
eonsumed cccasionally or regulasly. Bur § Clin Nuir 4%
501507,

{13} Rrook §, Walker RE, Mupovittie T 1988, Effect of antimi-
erobial therapy on bowsl flors and bacterial infection in




APPLICATION DF FRUCTOOLIGOSACCHARIDES TO MEDICAL FOODS AS A FERMENTABLE DIETARY FIBER 51

wradiated mice. Ing § Radiat Blol 53 708,714,

{143 Calloway DH, Kretsch ME 1978, Protedn and energy uti-
Hzation in men gives & raral Guaternalae diet and egg foe-
ezlas with and without added oat bran. Am J Clin Nutr
H:1lig-112s

{15} Campbell JM, Baver LL, Fahey GO, Hogarth AJCE, Wolf
BW, Funter DE. 1997, Selected frociooligosaccharide {1~
kestose, nysiose, and 17%-S-fractofiranosyinystoss) com-
position of foods and feeds. § Agric Food Chem 45 3076~
3082,

{16} Camphell IM, Fabey GO, Woll BW. 1997, Selecied indi-
gestible oligosaccharides affect large bowel mass, cecal
andd fecal short-chain fatty scids, pH and microflora in rats.
INur 127: 1301356,

(7} Caspary WF, Lembeke B, Blsenhans B, 1981, Bacterial
fermeentation of carbohydrates within the gestrointestinal
frace, Chn Res Rev 10 107177,

{8} Clausen ME, Jorgessen §, Mortensen PB. 1998, Compari-
son of digrrhes induced by ingsstion of fructooligosac-
charide Tdolax and disacchande lactdose: Rele of osmo-
larity versus fermentation of malabsorbed carbohvdrate.
g THs Sei 43 26962707,

{19} Code of Federal Regulations. 1993, Food and Dirag Ad-
ministration, Washington DO, 21 PR 1019,

{28) Conn HO, Leevy CM, Vialiciera ZR. 1977, Comparison
of iaciiose and neomyein inthe teatment of chronic portal
systemic encephalopathy. Gastroenterology 4 573-583.

{21} Cumnmings TH, 1981, Short chain fatty acids in the human

{22} Cumnmings TH, 1989, Metabolism of dictary fiber in the
igrge intestine, fn The Role of Ihetary Fiber in Enteral
Notrition, Report of the First Abbott Notritional Research
Conference, Commings JH {ed, Abbott International Lid,
flinogs, p. 1-13,

£23) Cummings JH, Englyet HN, 1987, Fermentation in the
iarge intestine and the availability of subsirates. Am T Clin
Mnir 45 12431255,

{24) Dorland’s Hlustraied Medical Dictionary, 1981, 26th ed,
WE Saunders Company, Philadelphia,

{25) ¥Federation of American Societies for Experimental Biol-

-ogy. 1987, Phyvsiclogical Effects and Health Conseguences
of Dhetary Fiber, Bethesda: Life Sciences Research Office.

{26) Fekety R, 1991, Antibictic-associnted diarrhea. fn Diar-

rheal Diseases. Field M (ed), Elsevier, Mew York, p. 293
KINR

{27} Fekety R, Shah AB. 1993, Diagnosis and freatment of
Clostridism difficile colis, TAMA 269 71-75,

{28] Fekety B, Sikva §, Kavfiman €, Buggy B, Deery HG. 1688,
Treatment of antiblotic-associated Clostridium difficite
colitis with oral vancomycin: Comparison of two dosage
regimens, Am J Med 86 15-19,

{24) Finegold 53, Soticr VL., Mathisen GE. 1983, Normal in-
digenous mtestinal dora, /r Humae Intestinal Flora in
Health and Discase, Hentges I3 (ed), Academic Press, New
Youk, p. 331

{36} Freter R, Buickner H, Botney M, Cleven D, Aranki A,
1982, Mechanisms that control bacterial populations in
conginuous-fiow colture models of mouse Targe intestingl

flora. Infect Immon 3 676685,

{31} Fojikawa 5, Okazaki M. 989, Production and use of
wylooligosaccharides, Gekkan Fudo Kemikam 1 63-60
{in Japanesel

{32) Garleb KA, Chow JM, Leyer GI, Johns PW, Wolf BW,
14997 in vitre fermentation of sov polysaccharide (sov),
gum arabic (ga), fructecligosaccharides (FOSY, and
tacinlose, FASEB J 110 A1

{33 (arleb KA, Snock JT, Marcon M, Wolf BW, Jobmson
WA, 1996, Effect of fructooliposaccharide containing
enteral formulas on subjective iolerance factors, sevum
chemistry profiles, and faccal bifidobacteria in healthy
uthitl male subjects, Microb Ecol Health Dis $ 275-285,

(34 Gaskins HR, Mackie RE May T, Garleh KA, 1996, D
elary fructooligosaccharide modulates large intestinal
mflammatory responses 1o Closteidium diffieile in antibi-

compromizsed mice. Micreb Ecol Health Dis %0 157

ol
166.

{35} Gibson GR, Roberfroid MB. 1994, Dietary modulation of
the human colonic nicrobiota—introducing the concept
of prebiotics. § Nutr 128 14011412,

£36) Glotzer DI, Glick ME, Goldman H. 1981, Proctitis and
cotitis following diversion of the fecal siream. Gastroen-
serviopy Bl 438441

£37) Greenough WB, Bensett RG. 1950, Diarthea in the eld-
erly, fn Principles of Geriatric Medicine and Geroniol-
ogy, Hazzard WR, Andres R, Bilerman B, et al. {eds),
MoGraw-Hill, New York, p. 1168-1176.

{38) Grisham MB, DeMichele 81, Garleb KA, Specian BD,
1994, Sulfasalarine or enteral diews comaiming fish oil or
oligossecharides attennate chronie colits in rats. Inflam
Bowel Dig 2: 178188

(39 Grohn Y, Bruss ML, Lisdbers LA 1983, Propionate load-
ing test for Bver function during experimental dver ne-

in sheep, Am J Vet Res 46: 952058,

(463 Guiot HFL., 1982, Rode of competition for substrate in bac-
terial antagonism i dhe put. Infect Inmun 38 887892,

{47} Hara H, Nagata M, Obta A, Kasai T, 1996, Increases in
enicium absorption with ingestion of soluble dietary fiber,
gaar gom hydrolyaate, depend on the cascnm in partial
nephrectomized and normal rats, Br § R 76 773784,

{42} Harig TM, Soergal KM, Komorowski RA, Wood M.
1989, Trealment of diversion colitly with short-chain-faity
acid irigation, NEIM 314: 2328,

{43} Hata Y, Nakajima K. 1985, Sudies of relationship be~
tween intake of fructooligosaccharides and abdominal
sympiotas: estinaation of the maximum non-effective dose

{44) Hentges B 1970, Boterie pathogen-normal Bors interac-
tions, Am J Clin Nutr 23; 14511455,

1983, Froctooligossocharides, a newly devel-
oped food material for health, Kagaka to Seibutsu 21 291
293 (n Japaness).

{46} Hidaka H, Bida T, Takizawa T, Tokumaga T, Tashiro Y,
1986, Bffects of fructooligossecharides on mesting] floma
and human health, Bifidobacteria Microflors 5 37-500

{47) Hidaka H, Hirgyvama M, Suemi N, 1985, A fructooligosac-
charide-producing enzyme from Aspergillus niger ATCC




52 K A Ganeen, el 2l

20611, Agric Biol Chem 82: 11811187,

{48 Midaka ¥, Hiravama M, Tokonaga T, Bida T. 1990, The
effects of undigestible Tructoolgosaccharides on intesti-
nul microfiors and various physiclogical functions on hu-
mzin healih, In New Developsnenis in Dietary Fiber, Forda
1. Brine {OJ {eds), Plenum Press, Mew York, p. 105117,

{49} Hidaka H, Tashiro ¥,
mifidobactena by oligosaccharides and their peeful effects
on homan health, Bifidobacteria Microfiora 18: 65-79.

{30} Hoverstad T. 1980, Studies of short-chain fatty acid ab-
sorption is man. Scamd § Castroenterol 21: 257264,

{57} Foward MDD, Gorden DT, Pace LW, Garleh KA, Kerley
WS, 1995, Bffect of dietary supplementation with frocto-
oligesacchanides on eolonic microbintn populations and
epithelial cell profiferation in neonatal pigs. I Pediaw
Gastroenterol Nuty 21; 297-303,

£52) Holl C, Greeo RE, Brooks DL, 1980, Alleviation of con-
stipation in 1he elderly by distary fber supplementation,
T Am Geratr Soc 28, 410414,

¢33} Imaizom: K, Nakatso Y, Sato M, Sedamawati Y, Sugano

M 1991, Bifects of xylooligosaccharides on blood glo-
cose, serem and Hver lipids and cocum short-chain Farty
acids in disbetic rats. Agric Biol Chem 58; 199205,

) Kelly CP, Pothoulakis C, LaMont IT. 1994, Closrridium

difficile colits. NEIM 338 257-262.

{55 Kelsay J§, Behall EM, Prather BS. 1978, Hffect of fiber
from fruits and vegetables on metabolic responses of hy-
man subjects. 1. Bowel transit time, nombers of defeca-
tions, fecal weight, arinary excretions of epergy and oi-
trogen an apparest digestibilities of energy, nitrogen and
fat. Am § Clin Nutr 32:1149-13153,

{36 Kimmey MB, Blmer GW, Surawicz CM, MeFasiand LV,
19646, Prevention of forther recurrences of Clostridizem
difficite colitls with Saccharomyees bowlardi, Dig Tis S0
35: 8974001,

{37} Komorowski RA, 1990, Histologic spectrum of diversion
colitis. Am } Surg Pathol 34 54851

{38 Korda M, Rofandelli RH, Setile i{b Zimmaro DM,
Rombeau JE. 1988, Hifect of parenteral nulridon supple-
mented with shori-chain fatty acids on aduptation @ mas-
sive smail bowel resection. Gastroenterol 98; 715-728,

(5% Levrat MA, Rémdsy C, Demiznd . 1991, Very acidic
fermentations i the rat cecom during adaptation to a diet
rich in amylase-resistant starch {erode potato starchl, [
Nugr Biochem 2: 3136,

.

o,
[
n

{60} Lavral MA, Rémégy O, Demignd O, 1993, Influence of

inelin on wrea and ammonia in the ral CECUIM: COTSSYUETICES
an nitrogen excretion. J Natr Blochem 4: 351336,

{61 May T, Mackie RI, Fahey b OC, Cremin JC, Garleb KA,
1994, Effect of fibre sonrce on short-chain i pro-
dueotion and on the growth and wxin production by Cloasrl-
diure difficile, Scamd § Gastroenterod 1% 916-922,

{62} May T, Mackie RI Garleb KA 1995, Effect of dietary
oligosaccharides on imfestinal growth of and tissue dam-
age by Closiridiem difficile, Microeeo! Ther 28; 158-170.

{63} MoPariand LY, Surawicy UM, Greenberg RN, Fekety R,
Hlmer GW, Moyer KA, Mellber 5A. 1994, A randonyized
placebo-controlled gl of Saccharomyees boulardii in

a T, 19%1. Proliferation of

combination with standard antibloties for Clostridium
difficile disesse. TAMA 271 19131918

{643 MeFarland LY, Sorawice CM, Stamm WE. 1290, Risk
factors for Clesridinm difficile carriage and O diffieile-
associaied diarrhea in 2 cobort of hospitalized patients.
Infect Dis 163: 678-0845,

{653 MeNeil NI, Commings JH, James WPT. 1878, Short chain

fatty acid absorption by the human large intestine, Gut
1% 819822,

{65} Mitsuoka T, Hidaks H, Eida T. 1987, Effect of frocio-
cligosaccharides on istestinal reicroflors, Die Nabrung 31
427436,

{67} Morgan MY, Hawley KI5, Stambuk I, 1947, Lactilod ver-
sus lactolose in the treatmens of chronic hepatic encepha-
lopathy. A double-Blind, randomizad, cross-over stady,
Hepatol 4 236244,

{68 Morensen PB. 1992, Bifect of ombadministered lacinlose
on colonic nitrogen metabolism and excretion, Hepatol
14 1350-1356,

{69) MNolan NP, Belly CP, Humphreys JF, Cooney O, {¥ Connor
R, Walsh TN, Weir D, rien DMG, F987, An epidemic
of pﬁczj'iomfmhr’mmw colitis: imporiance of person 1o pet-
son spread, Gut 28 1467-1473,

{70 Ohts A, Motchashi Y, Ohtsoki M, Hiravama M. Adachi
T, Sakuma K. 1998, Eretary fructooligosaccharides change
the concentration of calbindin-D¥k differently in the mue
cosa of the small and large intestine of rats, J Notr 128
634939,

{71} ﬂma A, Ohisuki M, Baba 8, Adachi T, Sakata T, Saka-
guchi B, 1993, Calcium and magnesiom absorpiion from
the colon and rectum are increased in rats fed fmctooli-
gosaccharides. J MNutr 128 2417-2424,

{72} Ohta A, Obtoki M, Takizawa T, Inaba H, Takashi A,
Kimura 5. 1994, Effects of frutooliposaccharides on the
shsorption of magnesivm and calciom by cececiomized
rats. Internat | Vi Nutr Res 64: 316-323,

{73) Ohia A, Osakabe N, Yamada K, Saito Y, Hidaka H. 1993,
Effect of fructooligosaccharndes and other sacchandes on
Ca, Mg, an P ahsorption in rats. J Jpn Soc Nutr Foed Sci
46: 123129,

§74) Ol T, Folmnaga T, Hosoya N, 1984, Noadigestibitity of
new sweetner, “Neosugar,” in the rat. § Nutr 134 1574
1581,

F75] Ramakrishna BS, Mathan V1 1993, Colonie dysfunction
in acute diarrhoea: the role of luminal short chain faity
acids, Chat 34: 12151218,

(761 Rémdsy O, Demigné C. 1988 Specific effects of forment-
able carbohyvdeates on Bood urea fux and ammonia ab-
sorpiion in the rat cecum. § Nutr 119 360-565.

(77} Roherfroid M. 1993 Dietary fiber, Inulin, and oligofine-
tase: o review comparing thelr physiological effects. Crit
Rev Food Sci Nutr 33 103148,

(78) Roberfroid M, Gibson GRE, Delvenne N, 1993, The bio-
chemistry of oligofruciose, a nondigestible fiber: an ap-
proach 10 calealate des calorie value, Nutr Rev 51 137
146,

{79 Reediger WEW. 1980, Role of anasrobic bacteria in the
metaholic welfare of the colonio mucosa in man, Gut 21:




APPLICATION OF FRUCTOOLIGOSACCHAREIES TO MEDICAL FOODE AS A FERMENTABLE DIFTARY FIBER 53

TH3-T98.

{80} Roediger WEW. 1980, The colonic epithelium in uleer
#ive colitis: an encrgy deficiency disease? Lameet 2: 712~
Tis

{81} Roediger WEW. 1990, The starved colon-diminished mu
cosal nutrition, diminished absorption, and colitis. Dis Co-
ion Rectum 33 B35-862.

{82} Rolandelli RH, Saul 5H, Setle RG, Jacobs DO, Tresotoks
SO, Rombesn IL. 1958, Comparison of parenteral nutni-
tlon and enteral feeding with pectin in experimental coli-
tis i the et Am § Clin Naer 47: 15.21,

¢83; Rolfe RDx. 1984 Rele of volatile faty acids in coloniza-

tion resistance o Clostridiwm difficile. nfect Tmmun 45

{843 Rfsmi}cau H.. 1988, Short-chain fatty acids-production,
shsorplion, metabolism, and inestingl offects. fn Dietary
Fiber, Chemistry, Physiology, and Health Bffects,
Kritchevsky D, Bosfield {'3, Anderson I {eds), Plenum
Press, New York, p. 31733

{83) Sakata 7. 1987, Stimulatory 531155!‘.11 of short-chain fatty ac-
ids on epithelal cell proliferation in the rat intestine: A
possible explapation for rophic effects of fermentable
fibre, gut microbes and leminal wrophic f 5, Brd Nutr
58: 95-103.

186) Scheppach W, Sommer H, Kircheer T, Paganclli GM,

Bartram P, Christ 8, Richter F, Dugel G. 1992, Effect of

butyrate enemas on the colonic mucosa in distal uleer-

ative colitis. Gastroenterology 163; 51-56.

Schwan A, Sjdin 8, Trotesunm U, Aronsson B, 1983,

Relapsing Clostridizm difficile enterocolitis cured by roc-

tal infusion of homologous fasces, Lancet 21 845.

(B8 Schwan A, Sitlin 8, Trottestam U, Aronsson B. 1984, Re-
tapsing Clostridinm difficile snteropolitis cured by rectal
infusion of normal facces. Scand § Infect Dis 16 211~
215

{89} Seidner DL, Lashper BA, Brzezinski A, DeMichele 81,
{arleb KA, Banks PL, T hi C, Katz }, Lichtenstein
OR, Anten PA, Kam LY, 2000, A novel nutritional for-
myla reduces corticosteroid requirements in patients with
nlgerative colitis; @ prospective, donble-blinded, random-

ized, placebo coptrolied multicenter trial. Gastroenterol-

ogy 118 ATBI,

Senagore Al ’VI seXeigan JM, Scheider M, Bhrom IS,

: 1 {atty soid enemas: a cost effective al-
i mmx VeI ﬂir weatment of nonspecific prociosigmoiditis,
Dis Colon Rectum 38, 933927,

{21} Seth CF, Bryust MP. 1979, Introduction to the metabolic
activisies of miestinal bacteria, Am 7 Clin Nutr 32: 149
i57,

£02) Spiegel IT, carabell P, Frankos WH, Schynin DF,
1994, Safety and benefits of fructootiposaccharides as food
ingredients. Food Techool 48: 8589,

£93) Stone-Dorshow T, Levitt MD, 1987, Gaseous response fo
mgestion of a poorly absorbed fructooligosaccharide
sweetner, Am J CHn Nutr 46: 61-65.

£24) Takahashi Y. 19566, Effects of ncostgar bn the chronio rew
nal-fatlere patient. Absiract from the repost of the 3rd
Neosogar Conference, Tokyo.

(87)

S

{94)

(%5) Tameka R, Takayama H. Morotomi M, Kuroshima T,
Leyama 5, Mawumnowo K, Kurods A, Mat M. 1983 B
feots of administration of TOS and Bifdobhacterim breve
4604 on the baman fecs] fora, Bifidobacteria Microliom
4724,

(9453 T(mi'nm“; , Ed

v T, Hidaka H, 1992, Distribution and guan-
g ooligosacchsric fond materials, Soi
Rep Mein Seika Kaisha 31 35-40,
¢} Fashire Y, Sstchithanadam 8§, Calverz B1 1997, Gas-
 trointestinal effects of fructooligosaccharides, /1 Distary
Fiber in Health and DhHsease, Kritchevsky [, Bonfield ©
(eds}, Plenum Press, New York, p.
{58) Taylor NS, Thome GM, Bartlett JG. 1981, Comparison
of two tosies produced by Clostridinm difficile. Infect
Immun 34 1036-143,
(%9 Tedesco V], Barion BW, Alpers DR, 1974, Clindamycin-
associgted eolitis; & prospective siedy. Ann Intern Med
$1: 426433,

{160 Tokunaga T, Nakada Y, Tashiro Y, Hiravama M, Hidska
H. 1993, Effects of fructooligosaccharides (FOS) nfake
o the intestinal microfiora and defecation in healihy vol-
prteers, Bifidus & 143-130 {in Japanese).

{1071 Triadafilopoulos G, Pothoulakis C, O'Brien M}, LaMom
IT. 1987, Differentinl effects of Clostridinm difficile tox-
ies A and B on rabbst feom. Gastroenterology ¥3: 273—
279,

(102} Trinidad TP, Wolever TM, Thompson LU, 19946, Effect

of acetate and proplonate on calckum absorption from the

recturn and distal coion of humans, Am J Clin Nutr 63

874578,

Van dor Waaif [ 1985, The ecology of the human intes-

tine and its consequences for overgrowth by pathogens

such as Clostridinm difficile. Anon Rev Microbiol 43 65—

87.

{1tM} Van der Waali 3, Berghuis-de Vrles IM, Eekkerkerk-van
der Wees JEC. 1971, Colonization resistance of the di-
gestive fract in conventional and antiblotic-treated mice.
I Hyg 694054114,

{1053 Vernia P, Caprifli B, Latela G, Barbetti F, Maglicoa FM,
Ciradini M. 1988, Pecal lactate and ulcerative colitis. Gag-
troenterofogy 95: 15641568,

(106} Vernia P, Graedinper A, Hauck W, Brever RL 1988, Op-
ganic apions and the dizrrhea of inflammatory bowel dis-
ease. Dig Dis 8ci 33 13531338,

{107} Walters BAL Roberis B, Stafford R, Seneviruine B 1983,
Relapse of antibiotic associated colitls: endogenous per-
sistence of Clostridinm difficile during vancomyein
therapy. G 24: 206-212.

{708) Wang X, Gibson GR. 1893, Effects of the in vitro fer-
mentation of oligofrecinse and inulis by bacteris grow-
ing in the human botestine, ] Appl Bacteriol 78 375380,

{10349 Welly CL, Maddaus MA, Reynolds CM, Jechorek RP,
Simmons RL. 1987, Role of anserobic Bors in the rang.
Joeation of aerobic and facaltatively apaerebic intestingl
bucteria, Infect fmmun 55: 26897694,

{7403 Wilhiams CH, Witherly SA, Buddington BK. 1994,
Influence of dietary neosugar on selected bacterial groups
of the human faecal microbiota, Microb Heol Health Dhis

{143)

oy




54 ®.A, Garies, o sl

{117} Wilson KH, Perini F. 1988, Role of competition Tor pulri-
ents In suppression of Clostridium difficile by the colonic
microfiora. Infeet Tmus 56 26102614,

£712) Wilson KH, Sheagren N, Frater R, 1985, Population dy-
namics of ingested Clostridinm difficile in the gastrointes-
ginal fract of the Syrian hamsier, T Infect Dis 181 3535-
361,

{1713 Wilson KH, Sheagren IN, Preter R, Weptherheo L, Eyerly
D2, 1988, Gaotobiotic models for stody of the microbial
sootogy of Clostridinm difficile snd Escherichia coli.

Clostridium difficile by normal bamster cecal flors and

prevention of snibiotic-associnted cocitis, Infect Immun
34 520028,
(115} Wolf BW, Meulbroek 1A, Tarvis KP, Wheeler KR, Garleb

KA. 1997, Bietary supplemeniation with fructooligosac-
charides increase survival ime in a hamster model of
Clostridium difficile-colitis. Bioscience Microflora 16 59—
64.

(16) Woll BW, Titgemeyer EC, Fahey GC, Garleb KA. 1994,
Fermentability of selected oliposaccharides, FASEB T &
ATES.

(77i7) Younes H, Garleb KA, Belr 8, Rémdsy C, Demigné .
1905, Fermeniable fibers or oliposaccharides reduced uri-
nary pitrogen excretion by Increasing wrea disposal in the
rat cecus. I Nutr 128 1010-1016,

{718 Fiesenitr 8C, Siebert G 1087, In virp assessment of
Tvsiose a8 4 sugar sabstinuge. § Nuir 137: 846851,

{719 Zimmare DM, Rolandelll BH, Koruda MJ, Seule RG,
Stein TP, Rombean JL. 1984 Isotonic whe feeding for-
mula induces ligaid stood in normal subjects. IPEN 1X:
117123



ienee Miczoflora Vol 21 (13, 53562, 2002

Heview Bi

Enhancement of Gut Immune Functions by Short-Chain
Fructooligosaccharides and Reduction of Colon Cancer Risk

Francis R..5. Borner,'* Khaled Meroaw? and Jean Menanteat?

Rueil-MMaimatson, France
5

Cedex 07, France

TNutri-Health SA, 3 Avenue Fawl Doumer, 82500
HNSERM (748 B, Ousi Moncousy 4490355 NANTE

Pra

20, 2087

d 8t nternational Symposiim on Fructoofgosacchanides, held in Yokyo, July 3, 2001, Received for publication, December

Short-chain fructeoligosaccharides occur in 8 number of edible plants, such as chicory, onions, asparagus, wheat. . .
They are produced indusirvially frem sucrose. They are a group of linear fructese oligomers with 2 degree of
polymerisation ranging from 1 up to 5 (oligosaccharides). Shori~chain frocisoligosaccharides io a large extent escape
digestion in the human upper intestine and reach the colon where they are totally fermented mostly to lactate, short
chain fatty acids (aceiate, propionate and butyrate), and gas. Bulyrate is the most inferesting of the short chain faify
acids (SCFA) since, it regulates cell growth and differentintion of colonocyie. In addition to this trophic effect, butyrate
stimuldates the invmunopenicily of the cancerous cells, Short-chain fructeciigosaccharides also sthnuniate bifidobacterial
growth. The colonic microfiera has a considerable influence on the immne system of the host. The intestinal mucosa,
play an important role i the immune system too, i is the largest Immamological organ of the body containing. The gut-
associated lvmphofid tssae (GALT) plays a key role nccording (o iis singular inferface situation in the body and constitutes
an important line of defence which is confronted with a large range of antigenic or nmunomodulating substances,
Recent founding in animal medels clearly demonsirate that pre and probiotic may exert beneficial effects on gui healih
by enhancing GALT responses divectly or indirectly by the mediation of butyraie and Iactic bucteria, GALT way play
a pivatal role In the rejection of nascent colon tumours, Intestine! miersflora medulates the GALT responses and
recent founding in animal models clearly demonsirate that pre and probiotic may exert beneficial effects op gut health
by enhancing GALT responses direetly or Indirecily by the medintion of buiyrate. The demonstration of the polential
heaith benefits of s¢-FOS on reduction risk of colon cancer is an active fieid of research in humas patrition. The se-
FOS, in animal models, reduce colon tumounr development by enhancing beth colon buiyrate concentrations and local
bnmune sysiem effectors. The objective of this review is to discuss the oritical role of GAL'T and s effeciors, associaled
o hutyraie, on celorectal cancer prevention. Both target fanciions have shown fo be enhanced by s¢-FOS.

Eey words: shori-chain frpcteoligosaccharides; immune fupetions; bifidobacieria; prebiotic; colon cancer

tion of colonocyie. In addition to this trophic effect,
butyrate stimolates the immunogenicity (sensitivity to
Short-chain fructeoligosaccharides (sc-FOS) are a the immune response) of the cancerous cells, The co-
group of Haear Glocosyl el 2){froctosyDa 2 13 lonic microflora has e considerable influence on the
friaciose polymers with a degree of polymesdsation (D) immune system of the host.
ranging from 1 up to 5 {cligosaccharides). They bave The intestinal mucosa also, play an important role in
aromsed intorest in the past decade, mostly because of the immane systerm, i1 s the largest imunclogical or-
their nufritional properties. 8¢-FO¥ to a large oxtent gan of the body containing. The gut-associated lym-
escape digestion in the human upper intesting and reach phoid tissue {GALT) constifntes an important line of
the colon where they are totally fermented and stima- defence. Recent studies suggest that it may play a piv-
late bifidobacterial growth. The prebiotic effect of so- ctal role in the refection of nascent tommours, The dem-
FOS s dose-dependent. 1 is associated with a decrease onstration of the potential health benefits of sc-FOS on
of faccal pH and an increase of production of organic reducton risk of colon cancer Is an active feld of re-
acids (lactic acid, short chain fatty acids). Butvrate is search in human numition. The so-FOS, in animal mod-
the mwost interesting of the short chain fatty acids els, reduce colon tumour development by enbancing
{(SCFA) since, i regulates cell growth and differentia- both colon butyrate concentrations and local immaune
system effectors. The obiective of this review is {o dis-
Health S, 3, Avente Pan] cuss the critical role of GALT and its e.ffes:ma'l:s; 35‘30@—
o 437 | AT 8- 8E G5 Ty ated to butyrate, on colorectal cancer prevention. Both
G nuic-healthoan.com target fonctions have shown io be enhanced by sc-FOS,
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SHORT-CHAIN FRECTOOLIGOSACCEARIDES:
ORIGIN AND NUTRITIONAL FACTS

By definition, oligosaccharides have a P lower than
9. Short-chain fructeoligosaccharides (s¢-FOS) are a
group of Hnear glocosyl el 2){froctosyll 2 1
fruciose polymers with a degree of polymerisation (DP)
ranging from 1 op to 5 (Fig. 1) _

Short-chain fruciooligosaccharides occor in @ num-
ber of plants such as onions, Jerusalem artichokes, as-
paragus, wheat, rye, and garlic (8). Pure sc-FOS are
produced on a commercial scale from snerose using a
food grade fungel fuctosyluansferase, (ACTILIGHT®
{Béghin Meiji, Prance) or MEIOLIGO® (Meiji Seika
Kaisha, Japan) or NUTRARLORA (GTC, USA)

5¢-FOS to a large extent, escape digestion in the
human upper intestine (23, 24} and reach the colon
where they are totally fermented, mostly 1o Iaclate, short
chain fatty acids (acelale, propionate and butyrate).
Compared with other fermentable produocts, like cellu-
lose, pectin or lactulose, the fermentation of FOS pro-
duces higher percentages of propionic and butyric acid
(2, I8). The most imporfant property of s¢-FOS is their
ahilify to stimalate SCFA production and bifidobacierial
growth.

Unliko othor undipestible sugars, such as lactose or
lactulose which are hydrolysed by a wide variety of
gut bacteria, s¢-FOS are only formented in viro by a
limited range of micro-organisms that include most
species of bifidobacteria (except Bifidobacterinm
bifidumy (11, 20, 22}, Indeed, bifidobacieria have sela-
tively high amounts of f-fructosidase, which is selec-
sive for the -(2,1) glycosidic bonds present in se-FOS.
After so-POS hydrolysis, fraciose serves as an efficient
growth substrate for the bifidus pathway of hexose fer-

Shert-chain fructooligossecharides structure of so-FOS.

mentation, which is almost exclusively carried out by
bifidohacteria (33}

®umerous studics in humans showed that se-FOS in-
gestion led fo an iocrease of feecal bifidobacteria (3, 4,
i, 12, 2022, 30, 32, 39, 40, 43} have been conducted
i healthy subjects using a “control” group and a double
or single blind design, The main characteristics and
resuits of the studies conducied in humans are sum-
rnarised in Table 1. Lastly, Boubnik et al. (4} observed
a significant correlation between the dose of sc-FOS
ingested and the faceal bifidobacteria counts at the end
of the 7 day period.

BIFIDOBACTERIA AND IMMUNE RESPONSES

It has been reported that bifidobacteria exert various
effects on immuone system related function, such as,
nifogenic activity (74, adjovant activiey (15, 37}, pro-
motion of macrophages (74, 35}, stimulation of anti-
body production (417, 44, 45 and antitumour effects
{75, 36). Lee et al. (17) tested the immunoponientiating
activity (Le. to stimulate the proliferative response of
muring immane cells) of twenty seven micro-organ-
isms in vitro. They showed that bifidobacieria sirains
have a higher immunopotentiating activity than do Lac-
tobacillus caset or L. acidophilus, Bifidobacterinm
adnlescentis M0G0, originally dertved from human
infestinal microfiora, had the strongest mitogenic ac-
tivity on splenceyies and Peyer's patches cells. This
activity was shown o be dose dependent and was in-
creased after disruption of the cells by sonication, indi-
cating the existence of an infra scluble fmmunopoten-
tiator.

Fhe intestinal mucosa plays, also, a tmportant role
in immmmnologic response of the body. The gut-asso-
ciated Ivmphoid dssue (GALT) constitutes an impor-
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Table 1,
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bt}

Main characteristics and results of ¢linjeal studies conducied in healthy

subjects on the prebiotic effects of short-chain FOS ACTILIGHT,
) s Rifidobacteria connt o
Healthy Sc-FOS Duration in stools leg CFU/g Statistical
Subiecls Age (y0) ﬂ da}ly (Day} {mmean = SEM) significance Authors
{m) ingestion {g) VT . {r}
Before After
& e 6 30 9.6 2.8 NS Mitsuoka, eval (271}
23 R 8 4 g8+ 1.1 97 +8.5 < {3,803 Mhtssoka, et al {22)
27 36819 i 14 S8+08 024104 < {1605
GOx® 282433 3 14 891048 04104 < {165 Fokunags, of al (40}
3 14 47 +0.6 103504 < {361
38 — & 14 32409 62106 < {01 Rochat, et al. (30
34 2040 4 14 83z 18 9423 < 0,05 William, et al 43}
1} 223G 12.3 12 789405 81403 < .01 Bouhnik, et ak (3)
2.8 ¥ 504113 NE
32 286 5 8 81208 < (.03 Bouhnik, et al. 4]
B x4l 0 8 8013 < .02
20 8 B2L09 < G002

N5 ot significant.
tant Hne of defence.
THE GUT-ASSOCIATED LYMPHOID TISSLE (GALTD

The intestinal mucoss is the largest immunclogical
organ of the body containing over 10° lymphocyies/g
tissue. Fes represent the magor part of the body’s con-
tact. About 60% of the total mmunoglobuiin produced
daily is secreted into the gastrointestinal tract. The struc-
ture of the GALT, the intestinal iromune cell distribu-
fion among the Pever's patches, epithelinm and lamina
propia have been reviewed by Brandizseg et al. (5],
The GALT-T tvmphocyies are not homogenous. There
arg classified as CD4+ helper/inducer cells and CD8+
suppressor/eviotoxic cells gencrating different cyio-
kines profiles which distinct yet unproven functions.
The malority of mtra-epithehial T-cells are CDE+, con-
trasting with the laming propia where CDd+ are pre-
demninant. The Iaming propia is also endowed with bym-
phocyics belonging to the B-cell lineage. These are
mainly memory cells and plasmocytes which 70-90%
of them are 1g-A producing cells,

An immune 1esponse intiated in the GALT can af-
fect fmmune responses at other mocosal surfaces. The
lymphocytes activated within the Pever’s paiches dis-
seminate via mesenteric ivmph nodes, thovacic duct and
the bloodstream back 1o the lamina propia, and taffic
petween other secretory tissues including the respirs-
tory tract and the lacrymal, salivary and mammary
glands, The digestive flora is the major antigenic stimu-

Jus responsible for the migratory pathway and maiira-
tion of precursor lvmphoid cell present in the Peyers’s
patches, Recont studies sugpest that i€ may play a piv-
otal role in the rejection of nascent fumours, and con-
sequenily in the redoction of sk of colon cancer,

BUTYRATE-GALT AND COLON CANCER

Butyrate is also known to have preventive effects on
colon cancer and adenoma development (38). In the
eolon, it comes from bacterial formeniation, and con-
stifuies a good substrate for colonocytes, Buotyrate
oxydation has been shown 10 make up for more than
b of the oxygen consumption by the human colonic
fissue (3/), indicating that butyrate is the prime energy
substrate of the colonocyte. It is not only an energy
souree for colonocyies. Sodium butyrate (NaB) exeris
an antiprotiforative acivity on many cell types. JLis ap
inducer of differentiation of colon carcinoma cell Tines.
Bt also has been observed to indoce gene expression, to
influence the mate of gene expression through its effects
on post translational modifications, o induce apoptosis
and to reverse the resistance of colonic cancer cells to
orogrammed cell death (38, 475

Perrin et al. (personnal comsnunication) have char-
acterize the modification of the phenotype of PROb et
colon adenocarcinoma cells when NaB treated. They
focused their study on surface oligosaccharides that
could play a role in their wrnorigenicity. Blood-group
H antigens, formed by the addition of fucose on type
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Effects of butyric acid on experimental carcinogenesis: percentags of survival of rat raited with

interlenkin 2 (11.-2) and sodiom butyrate (NaR), alone or in combination (25},

cells alone or mixed with lymphocytes extracied from naive s

1,3 precursors, were 1oss expressed on butyraie-ireated
PROD cells, while o2 3) linked sialic acids were
enhanced, This phenotype was maintained after sodium
butyraie withdrawal, whereas cell growth inhibition was
fost. The decrease of H13 antigens would be reluted to
the lower activity of (2 3) fucosyliransferaseds) and
competition between fucoses and sialic acids precur-
sops, borne by CD4d4v. When seboutancousty grafied,
NaB-treated PROb cells induced significantly small
tmmours, That could resalt from a more officient host
respense, atfribatable 10 the phenotype the cancer cells
acouired with transient in virre NaB troatment, since
the lower fevel of H 1,3 antigens was maintained in
LrOwWing HHNOuS.

Butyrate stimulates the immunogenicity of the can-
cer ¢ells {251 The phenotype of the weakly immuno-

Bffects of butyric acid on experimental carcinogenesis:

fects of subcutaneous mjection of 10° PROb
ats or from immonized rats (23

genic rat colon cancer PRObB cells was modified with
sodinm butyrate. After a 4-days in vitro sodium bu-
tyrate treatment, the lvmphokine-activated killer cell
sensitivity, the expression of Major Histocompatibility
Complex class 1, and the intercelinlar adhesion mol-

dent masngr.

Perrin et al. {23) tesied the efficioncy of interieukin 2
{23 and sodium butyrate {NaB), alone or in combi-
nation, against experimental widespread carcinomato-
sis induced In rats by intraperitoneal injection of 2 X
10° PROD colon carcinpena cells, I-Abutyrate combi-
nation resulied in cases of complete core of carcino-
matosis with specific protection against PROb cells (Fig.
2 and 3, 11-2 secretion probably leads to activation of
non-specific effectors such as nateral killer andfor bvm-
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phokine-activated killer colls resulting in a rapid clear-
ance of otherwise immunogenic sodium butvrate-
treated celis. The complete regression of fumour masses
may be atiributed, to butvrate-induced decrease of -
morigenicity and increase of iimmmunogenicity of the
cancer cells,

So, it may be advantageons 1o provide indigestible
carhohvdrates as an indirect source of butyrate to the
large bowel.

SHORT CHAIN VRUCTOOLIGOSACHARIDES
AND COLON CANCER

{Classically defined as non-starch polysaccharides,
fibre now mclode other sources of fermentable substrate
for microflors, such oligosaccharides, resistant starch
{14}, Dietary fibres have been proposed as prolective
agents against colon cancer but resalts of both epide-
mictogical and experimental stadied are debatable and
prevention programime have been lmited to general
Hfestyle guidelines (42, These conflicting results may
reiate o the heterogeneity of the fibre and basal diet,
feeding protocol, chosen biomarker, and/or stage of
colon carcinogenesis. Amnong fibres, carbohydrates pro-
ducing large amounts of butyraie appear {0 be greafest
interest as butyrate is an energy vielding substrate for
colonocyies, affecis cellular function, Is an antineoplas-
tic agent in vifro, and has been implicated in the pro-
tective effect of fibre in rodenis {79 345 1t has been
hypothesised that protection against colon cancer may
be restricied to hutyrate producing fibres,

To investigate the effects of different type of fibres,
rabs (26} and Min mice (28} have been used: chem-
cally induced and spontaneous cancer models. The rel-
evance of animal models, as compared o human colon
tumour sindics depends on the criteria considered (29)
Azoxymethane (AOM) induced tumours are similar o
human tumours in many histological, biochomical,
mmunclogical and cellular aspects; but many of the
fumonss do not follow the adenoma o carcinoma pro-
gression, frequently arising de nove from flat mucosa.
This mode! permits the investigation of early stages of
carcinogenests, the end-poing being a consensual pre-
cancerous marker, the aberrant crype foci. The mouss
model {Min mice} is a mode] for both familial
adenomatous polyposis and sporadic colon cancer, The
Ain mice are heterozygous for 4 non-sense maiation
of the Apc gene, the murine homologue of APC, The
Min mouse model adenomas are pertinent by their pe-
netic origin, but they are more fregaent in the small
bowel than in the colon, as opposed to the human situ-
ation. These sedies provided data on later stages of

colon canceropenesis, and the end-point was the num-
ber of detectable fumours,

A two part randomised biinded study in rals, min-
icking a prospective study in humans, was performed
using a low fibre control diet (CD) and three high fibre
diets: starch free wheat bran (WE) type I1T resistant
starch (R8) and short-chain fructooligosaccharides (sc-
FOSY 79). Using a randomised block design, 96 inbred
rats were fed for 16, 30 or 44 days to determine the
period of adaptation to the diet, fermentation profiles,
and effects on the colon, including mucosal prodifers-
tion on day 44. Subsequently, 36 rals fed the same di-
ets for 44 days wore injected with azoxymethane and
chocked for abermant orvpt food 30 days after. After fer-
mentation had stabilised (44 days), only RS and se-FOS
produeed large amounts of butyrate, with a trophic ef-
fect in the large infestine. No differcnce in the macosal
profiferation between the diets was noted at this time.
in the subsequent experiment one month later, fewer
aborrant orypt foel were present in rats fed high bu-
tyrate producing diets (RS, p=0022. 5c-FOS = 0.043)
{Fig. 4). Similar effects on a reduction of the ngmber
of aberrant crypt foct in CF1 mice treated with AOM
and fed diets containing s¢-FOS and exogenous
hifidobacteria, were published by Koo and Rao {{6).
Campbell of al. (7} evaloated in mits the effects of se-
lected indigestible oligosaccharides on caecal and fae-
cal SCFA concentration, pi, total large bowel wet
weight and wall weight, and concentrations of intest-
nal microbiota. The duration of the study was 14 days,
The sc-FOS containing diet resulted in higher caecal
butyrate concentrations compared with the control, or
with the cellulose or xviooligosaccharide containing
diets.

The same fibre diets have been tested in Min mice
aged 6 or 7 weeks (n =40 (28}, Each proup was fed ad
fibidurs for 42 days either the control low-fibre diet (CD)
or one of the three high-fibre diet (WB, RS, s¢-FOS)
Gut tumours and small intestine Ivmphoid nodules were
counted {Fig. 5). Neither WB nor RS modified the nurn-
ber of tumours, However, s¢-FOS dramatically reduced
the incidence of colon tumounrs and concomitantly de-
veloped GALT. Interesiingly, the sc-FOS offect was
Hmited 1o the colon; they were no significant differ
ences between diets in the number of wmours found in
the small intestine suggesting strongly that events
specifie to the colon were Involved. A bifidogenic ef-
fect probably occurred in the experiment because
Howard et ab. {13} demonstrated that dletary supple-
mentation with the same sc-POS enhanced the popula-
tion of bifidobacieria in mouse colon a3 soon as 14 days.




Fig. 4. Effects of short chaip fructoolisosaccharides on experiinental carcinogenesis: mean nomber of aberrant
crypt foch per rat fod with control low-fibre diet (C), wheat bran {WB}, resistant starch (RS) or short chain

fructooliposaccharides {sc-POS) 1265

+in il

Fig. 5. Effects of short-chain frucioolizos

coharides on experimental carcinogenesis: gut fumours and smali

intestine Iymphobd nodules in Min mice {7 = 40) fed ad Iibidien for 42 days with coniro] jow-fibre diet (U7,
wheal bras {WB), resistant starch (RS) or short-chain fruciooligesaccharides (sc-FOS) (285,

To obiain an insight o the GALT response o changes
in the colonic scosystern, the authors ooked ot the lym-
photd Hssue of the small infestine. The examination of
the colon for that purpose was impossible becagse treat-
ment of this tissue, 1o study colon tmours, made im-
possible to aceorately evaloate colon lymphoeid follicles.
A significantly higher number (p < 0.05) of macroscopi-
cally detectable lvmphoid nodules were noted in the
sinall intestine with the se-FOS diet. This suggests that

immune system may play a role in inhibifing tomour
Tormation by eliminating ccils that express antigens if
they are immunogenic enough e allow the expansior
of immune cell specific for these antigens.

To investigate whether T cell status may influence
colon tmour formation in Min mice fod a so-FOS diet,
Pierre et al. {27) have chosen 1o immunodeplete mice
with antibodies against target T colls (OB and CDE4),
rather than NK cells, which do not affect the incidence
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of intestinal neoplasia in Min mice {9}, Min mice de-
pleted of CD4+ and CDB+ lymphoovtes developed
fWiCo 35 many Wmours as immonocompetent mice.

To investigate the response of the fissue to se-FOS
at the effector molecule level, Bassonga et al. (1) as-
sessed the expression of cytokines present in the colon.
They chosen to study the mRNAs since certuin
cviokines (e.g. 1E-15) are frequently not translated or
secreted by resting cells. They used a multiprobe ribo-
naclease protection assay to stady the expression of
sefected cyiokines in the colon of CS7TBL/6 and Min
mice fed low fibre diet {13} or a so-FOS enriched diet
{sc-FOSY

Five cytokines were consistently detected regardless
of the andmals or et L4, IL-5, H-13, B 15 and IFN
v -4, BL-5 and 113 were expressed at low but come
parabie ievels and were not sensitive o the diet. IL.-10,
11.-9, H.-6 and 1L-2, were not detected. The TL-15
mBNA was Frequently highly expressed in both Min
groups but a level significantly higher (p =001 in the
Min group fed sc-FOS as compared to the Min group
fed O, IEN v mRNA, when detected, showed the same
pattern of expression as 1 -15, The fact that IFN vap-
pears {0 be modulated in the same way as [1-13 sup-
port the hypothesis that IL-15 could be secreted in an
active form, since IFN % a cytokine produced by acti-
vated T-cells and which stimulates cviotoxic activity,
is a target of active [1.-15.

CONCLUSION

Short-chain fructooligosaccharides have aroused
infergst in the past decade, mostly becanse of their mu-
ritional properties. To a large extent, se-FOS escape
digestion in the human upper intestine and reach the
eolon whese they are tofally fermented, mostly to lac-
iate and short chain fatty acids (acetate, propionate and
butyrate). The most important property of se-FOS is
their ability to specifically stimulate bifidobacterial
growth and to indoce butyrate production. Recent stud-
ies have showr that these both effects with the stimula-
fiom of the activity of some compound of the GALT
play an important role in the colon cancer prevention,

The demonsiration of the health benefits of so-FOS8
ard the stimulation of immune rejection of nascent
mmours offers new perspective for the prevention of
colon cancer and opportunities for better understand-
ing of GALT t colon cancer.
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