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Xylooligosaccharide GRAS exemption notice NutraSource 12-29-10

December 29, 2010

Dr. Robert Martin

Division of Biotechnology and GRAS Notice Review
Office of Food Additive Safety-CFSAN

U.S. Food and Drug Administration

5100 Paint Branch Parkway (HFS-255)

College Park, MD 20740-3835

Re: GRAS exemption claim for Xylooligosaccharide as an ingredient in foods

Dear Dr. Martin,

This is to notify you that Shandong Longlive Bio-technology Co., Ltd. (or
Shandong Longlive, based in Shandong, China) claims that the use of the substance
described below (xylooligosaccharide, XOS) is exempt from the premarket approval
requirements of the Federal Food, Drug, and Cosmetic Act because Shandong Longlive
has determined such use to be Generally Recognized As Safe (GRAS).

On behalf of Shandong Longlive, NutraSource (an independent consulting firm)
assembled a panel of experts highly qualified by scientific training and experience to
evaluate the safety of the intended use of XOS. The panel included Dr. Susan Cho at
NutraSource (Clarksville, MD), Dr. June Zhou at the Veterans Administration Medical
Center (Washington, D.C.), and Dr. George Fahey at the University of lllinois (Urbana,
IL). Following independent critical evaluation of the available data and information, the
panel has determined that the use of XOS (that is manufactured by Shandong Longlive,
China) described in the enclosed notification is GRAS based on scientific procedures.

After reviewing the available data, the Expert Panel concluded in its December
2010 statement that the intended use of Shangdong Longlive’s XOS (to be used as
ingredient in baby and toddler foods, beverages and beverage bases, dairy product
analogs, milk products, health foods, and general foods, at use levels of 0.095 to 1.14 g
per serving), resulting in an estimated daily mean intake of 3.53 g XOS and 90th
percentile daily intake of 8.08 g, is safe and GRAS for the general population.

This determination and notification are in compliance with proposed Sec. 170.36
of Part 21 of the Code of Federal Regulations (21 CFR section170.36) as published in
the Federal Register, Vol. 62, No. 74, FR 18937, April 17, 1997.
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Notifier's name and Address

Shandong Longlive Bio-technology Co., Ltd.

Attention: Alice Fu

Address: Room 806, D&D Fortune Center, N0.182-6 Haier Road, Laoshan District,
Qingdao, China

Phone number: 86-532-81926803

Fax number: 86-532-81926202

E mail address: alice@longlivegroup.com

Name of GRAS substance
Xylooligosaccharide (XOS) manufactured by Shangdong Longlive Bio-Technology Co.,
Ltd. (Shandong Longlive).

Product description

Xylooligosaccharide is a hydrolysis product of xylan (a type of dietary fiber), a common
hemicellulose of cereal grains (corncob, corn bran, rice bran, wheat bran, and psyllium)
where it occurs in many different compositions and structures. Hemicelluloses and
cellulose are considered as major dietary fiber components. The Shandong Longlive’s
manufacturing process involves a mild pretreatment of corncobs (see below), followed
by enzymatic hydrolysis by endoxylanase, which has been commonly used in the
production of xylose and xylitol for a long time. The 2007 FAO Technical Meeting
Report on Prebiotics classified XOS, FOS, GOS, soya-oligosaccharides, and isomalto-
oligosaccharides as prebiotics, defined as a food component that confers a health
benefit on the host associated with modulation of the microbiota.

Applicable conditions of use of the notified substance

Xylooligosaccharide is expected to be used in baby and toddler foods (ready-to-eat
[RTE] cereals for toddlers; cookies, crackers, and puffs, baby food; ready-to-serve
[RTS] fruit-based baby/toddler food; fruit juices, baby food; RTS dinners, baby/toddler
food), beverages and beverage bases (ready-to-drink [RTD] energy, sport, and isotonic
beverages; carbonated and non-carbonated beverages, water, and beer; processed
fruits, juice drinks, and punch; RTD non-milk based meal replacements and protein
beverages), dairy product analogs (RTD soy beverages, chocolate milk, and flavored
milk; frozen dairy desserts and mixes), milk products (RTD flavored milk and milk
drinks; RTD milk-based meal replacements; yogurt, pudding, and jello), health foods
(medicinal foods, chewing tablet, and capsule), and general foods (RTE cereals, cereal
bars, granola bars, protein bars, and power bars; cookies, crackers, and puffs; chewing
gum; chocolate, candy, confectionary and sweet). The proposed use levels of XOS are
presented in Table 1.
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Table 1. Proposed food application of XOS and maximum levels of use

NutraSource 12-29-10

Food proposed food Uses Serving size SD Longlive’s XOS* concentration I)((a(\?eslsuse
Category (9) 95P | 70P | 35P | 20P | 70L g/serving
RTE cereals, toddler 20 0.4 054 108 | 19 | 0.77 0.38
Cookies, crackers, and 7 025 | 0.34 | 068 | 1.2 | 049 | 024
puffs, baby food
. 60 (strained) | 0.25 | 0.34 | 0.68 | 1.2 | 0.49 0.24
i%%%e"’r‘”d E;bs /ftr(;’ét('jtl’;sf%‘l . 110 (junior) | 0.25 | 0.34 | 0.68 | 1.2 | 0.49 | 0.24
foods y 125 (toddler) | 0.4 054 |108| 19 | 0.77 0.38
Fruit juices, baby food 125 0.25 | 0.34 | 0.68 | 1.2 | 0.49 0.24
: 60 (strained) | 0.25 | 0.34 | 0.68 | 1.2 | 0.49 0.24
gi dinners, baby/toddler | 414" Guniory | 0.25 | 0.34 | 068 | 1.2 | 0.49 | 0.24
170 (toddler) 0.4 054 | 108 | 1.9 | 0.77 0.38
RTD energy, sport, and 225 05 | 068 | 1.37 | 2.4 | 098 | 0.48
isotonic beverages
Carbonated and non-
Beverage | carbonated beverages, 225 0.5 068 | 1.37 | 2.4 | 0.98 0.48
s and water, and beer
beverage | Processed fruits, juice
bases drinks, and punch 244 0.3 041 | 083|145 ]| 0.59 0.29
RTD non-milk based meal
replacements and protein 266 0.3 0.41 | 0.83 | 1.45| 0.59 0.29
beverages
RTD soy beverages,
Dairy chocolate milk, and flavored 225 0.5 068 |1.37 | 24 | 0.98 0.48
product milk
analogs ;rl‘)’é‘:” dairy desserts and 68 03 | 041 | 083 | 145|059 | 029
RTD flavored milk and milk 250 03 | 041 | 083 | 145|059 | 0.29
Milk drinks
products | R 1D milk-based meal 266 0.3 | 041 | 083 | 145|059 | 029
replacements
Yogurt, pudding, and jello 225 05 | 068 | 137 | 2.4 | 0.98 0.48
Health Medicinal foods 40 1.2 163 | 3.25 | 5.7 | 2.33 1.14
foods Chewing tablet and capsule 2 1.2 1.63 | 3.25 | 5.7 | 2.33 1.14
RTE cereals, cereal bars,
granola bars, protein bars, 40 0.3 0.41 | 0.83 | 1.45 | 0.59 0.29
and power bars
General | Cookies, crackers, and 40 0.3 | 041 | 0.83|145|059| 029
foods puffs
Chewing gum 1 stick 0.1 0.14 | 0.27 | 0.48 | 0.19 0.095
Chocolate, candy, 40 03 | 041 | 083|1.45|059| 029

confectionary and sweet

*95P=powder form of 95% XOS; 70P=70% XOS, powder; 35P=35% XOS, powder; 20P=20% XOS,
powder; 70L=liquid form of 49% XOS; RTE=ready-to-eat; RTD=ready-to-drink; RTS=ready-to-serve.
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Exposure estimates

Even if 100% of the product will be used under the intended use, the median intakes
including XOS from all GRAS-proposed use categories by users of one or more foods is
1.06 g/d for male children aged 0-2 yr and 3.53 g/d for the entire population. The 90™
percentile intakes including XOS from all GRAS-proposed use categories by users of
one or more foods are 2.75 g/d (or 242 mg/kg BW/d) in infants and toddlers aged 0-2 yr,
3.96 g/d (or 152 mg/kg BW/d) for young children aged 3-11 yr, 6.62 g/d (or 103 mg/kg
BW(/d) in older children and teenagers aged 13-19 yr, and 8.83 g/d (or 112 mg/kg BW/d)
in adults aged 20 and older. These levels are more than 12-35x below the NOAEL
values that have been found from subacute toxicity studies in rats and chicks.

Basis of GRAS determination
Through scientific procedures.

Review and copying statement

The data and information that serve as the basis for this GRAS determination will be
sent to the FDA upon request, or are available for the FDA’s review and copying at
reasonable times at the office of Shandong Longlive Bio-technolody Co., Ltd. or
NutraSource, Inc.

We enclose an original and two copies of this notification for your review. If you have
any questions, please contact me.

Sincerely,

Susan Cho, Ph.D.

Chief Science Officer

NutraSource, Inc.

6309 Morning Dew Ct.

Clarksville, MD 21029

Phone: 410-531-3336 (O) or 301-875-6454 (C)
E mail: susanschol@yahoo.com
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Exposure estimates
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(b) (6)
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Chief Science Officer

NutraSource, Inc.

6309 Morning Dew Ct.
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Phone: 410-531-3336 (O) or 301-875-6454 (C)
E mail: susanscho1@yahoo.com
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Xylooligosaccharide GRAS Self Affirmation December, 2010

Executive Summary

The obijective of this Generally Recognized as Safe (GRAS) determination is to
summarize the available safety information on xylooligosaccharide (XOS) used as an
ingredient in foods and beverages as a source of prebiotics.

We, the undersigned expert panel members, Susan Cho, Ph.D., June Zhou, Ph.D., and
George Fahey, Ph.D., have individually and collectively critically evaluated the materials
summarized in the XOS GRAS report, and conclude that XOS is safe and GRAS for its
intended use in foods. There is broad-based and widely disseminated knowledge
concerning the chemistry and physiological benefits of XOS. Xylooligosaccharide
possesses prebiotic and antioxidant activities. Xylooligosaccharide is a non-digestible
oligosaccharide (NDO) with a degree of polymerization (DP) units of 2-7.
Xylooligosaccharide and similar molecules (galactooligosaccharide [GOS] and
fructooligosaccharide [FOS]) are naturally present in the diet. Xylooligosaccharide has a
long history of safe use as a sweetener and a prebiotic ingredient in foods.
Xylooligosaccharide and most beta-linked carbohydrates are not digested by human
pancreatic or brush border enzymes, and the compounds are not expected to be
absorbed intact. Xylooligosaccharide reaches the large intestine where it is fermented
by the colonic microflora to short-chain fatty acids (SCFA) that promote colon health.
Published studies indicate that XOS is of low toxicity in animals and humans. The XOS
described in this self-affirmation is prepared from corncob via hydrolysis by xylanase
isolated from Streptomyces olivaceoviridis.

Intended food applications include baby and toddler foods (ready-to-eat [RTE] cereals
for toddlers; cookies, crackers, and puffs, baby food; ready-to-serve [RTS] fruit-based
baby/toddler food; fruit juices, baby food; RTS dinners, baby/toddler food), beverages
and beverage bases (ready-to-drink [RTD] energy, sport, and isotonic beverages;
carbonated and non-carbonated beverages, water, and beer; processed fruits, juice
drinks, and punch; RTD non-milk based meal replacements and protein beverages),
dairy product analogs (RTD soy beverages, chocolate milk, and flavored milk; frozen
dairy desserts and mixes), milk products (RTD flavored milk and milk drinks; RTD milk-
based meal replacements; yogurt, pudding, and jello), health foods (medicinal foods,
chewing tablet, and capsule), and general foods (RTE cereals, cereal bars, granola
bars, protein bars, and power bars; cookies, crackers, and puffs; chewing gum;
chocolate, candy, confectionary and sweet).

Assuming all of food products will be used under the intended use (at use levels of
between 0.095 and 1.14 g per serving), the 90" percentile daily consumption under
proposed new food use of XOS would result in 2.75 g/d (or 242 mg/kg body weight
(BW)/d) in infants and toddlers aged 0-2 yr, 3.96 g/d (or 152 mg/kg BW/d) for young
children aged 3-11 yr, 6.62 g/d (or 103 mg/kg BW/d) in older children and teenagers
aged 13-19 yr, and 8.83 g/d (or 112 mg/kg BW/d) in adults aged 20 and older. These
levels represent more than 12-35x below the no-observed-adverse-effect level (NOAEL)
values of over 3,000-4,000 mg/kg BW/d that have been found from subacute toxicity
studies in rats. A chick study also demonstrated no adverse effects of XOS at 4% of the
diet. Human clinical studies reported beneficial effects with no adverse effects of XOS.
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Intakes of XOS (5.5-10 g/d) were well tolerated without adverse events for durations of
up to 8 wk.

There are no indications of significant adverse effects related to XOS in the publicly
available literature. The acute toxicity of XOS has been reported to be > 15 g/kg BW in
rats. Subchronic toxicity studies administering XOS via diet were unremarkable; NOAEL
determinations of 3,000-4,000 mg/kg BW/d in rats and 4% of the diet in chicks, the
highest doses administered, have been reported. The mutagenicity and genotoxicity
studies of XOS showed that XOS was not to be genotoxic or mutagenic. The only side
effect reported in humans is gastrointestinal discomfort which is a transient symptom
when consumed in large quantities. This type of gastrointestinal discomfort is a common
phenomenon associated with high intakes of dietary fiber and that have no toxicological
relevance to humans.

Therefore, not only is the proposed use of XOS safe within the terms of the Federal
Food, Drug, and Cosmetic Act (meeting the standard of reasonable certainty of no
harm), but because of this consensus among experts, it is also Generally Recognized
as Safe (GRAS) according to Title 21 Code of Federal Regulations (21 CFR). The basis
of the present proposed GRAS determination is through scientific procedures.

Susan Cho, Ph.D.
President, NutraSource, Inc., Clarksville, MD 21029

Signature: Date:

June Zhou, Ph.D.
Deputy Director, VA Medical Center, Washington, D.C.

Signature: Date:

George C. Fahey, Jr., Ph.D.
Professor Emeritus, University of lllinois, Urbana, IL 61801

Signature: Date:
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Intakes of XOS (5.5-10 g/d) were well tolerated without adverse events for durations of
up to 8 wk.

There are no indications of significant adverse effects related to XOS in the publicly
available literature. The acute toxicity of XOS has been reported to be > 15 g/kg BW in
rats. Subchronic toxicity studies administering XOS via diet were unremarkable; NOAEL
determinations of 3,000-4,000 mg/kg BW/d in rats and 4% of the diet in chicks, the
highest doses administered, have been reported. The mutagenicity and genotoxicity
studies of XOS showed that XOS was not to be genotoxic or mutagenic. The only side
effect reported in humans is gastrointestinal discomfort which is a transient symptom
when consumed in large quantities. This type of gastrointestinal discomfort is a common
phenomenon associated with high intakes of dietary fiber and that have no toxicological
relevance to humans.

Therefore, not only is the proposed use of XOS safe within the terms of the Federal
Food, Drug, and Cosmetic Act (meeting the standard of reasonable certainty of no
harm), but because of this consensus among experts, it is also Generally Recognized
as Safe (GRAS) according to Title 21 Code of Federal Regulations (21 CFR). The basis
of the present proposed GRAS determination is through scientific procedures.

Susan Cho, Ph.D.
President, NutraSource, Inc., Clarksville, MD 21029

b) (6
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June Zhou, Ph.D.
Deputy Director, VA Medical Center, Washington, D.C.

Signature: Date:

George C. Fahey, Jr., Ph.D.
Professor Em(ebr)it&sj, University of llinois, Urbana, IL 61801

Signature: ___ Date: 127/.:1 é/t ¢
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Intakes of XOS (5.5-10 g/d) were well tolerated without adverse events for durations of
up to 8 wk.

There are no indications of significant adverse effects related to XOS in the publicly
available literature. The acute toxicity of XOS has been reported to be > |5 g/kg BW in
rats. Subchronic toxicity studies administering XOS via diet were unremarkable; NOAEL
determinations of 3,000-4,000 mg/kg BW/d in rats and 4% of the diet in chicks, the
highest doses administered, have been reported. The mutagenicity and genotoxicity
studies of XOS showed that XOS was not to be genotoxic or mutagenic. The only side
effect reported in humans is gastrointestinal discomfort which is a transient symptom
when consumed in large quantities. This type of gastrointestinal discomfort is a common
phenomenon associated with high intakes of dietary fiber and that have no toxicological
relevance to humans.

Therefore, not only is the proposed use of XOS safe within the terms of the Federal
Food, Drug, and Cosmetic Act (meeting the standard of reasonable certainty of no
harm), but because of this consensus among experts, it is also Generally Recognized
as Safe (GRAS) according to Title 21 Code of Federal Regulations (21 CFR). The basis
of the present proposed GRAS determination is through scientific procedures.

Susan Cho, Ph.D.
President, NutraSource, Inc., Clarksville, MD 21029

Signature: Date:

June Zhou, Ph.D.
Deputy Direc(tbo)r.(%/)A Medical Center, Washinaton, D.C.

Signature: _ Date: /2 - Zg" }Ol 0

George C. Fahey, Jr., Ph.D.
Professor Emeritus, University of lllinois, Urbana, IL 61801

Signature: Date:
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l. Identity of Substance

I.LA. Common or trade name: Xylooligosaccharide (XOS) manufactured by Shangdong
Longlive BioTechnology (SD Longlive).

|.B. Standards of identity: We note that an ingredient that is lawfully added to food
products may be used in a standardized food only if it is permitted by the applicable
standard of identity that is located in Title 21 of the Code of Federal Regulations.

I.C. Background

Xylooligosaccharide is a non-digestible oligosaccharide (NDO) composed of 2-7 xylose
molecules bonded with B (1-4) glycosidic bonds. Xylooligosaccharide is naturally
present in fruits, vegetables, bamboo, honey, and milk, and can be produced on an
industrial scale by enzymatic hydrolysis of xylan. Xylan is the major component of plant
hemicelluloses that are composed of xylose and arabinose backbones with side chains
of galactose, glucose, and(or) mannose (Southgate, 1979).

Xylooligosaccharide has a sweet taste and is used as an alternative sweetener.
Xylooligosaccharide also functions as a prebiotic by stimulating the growth of healthy
microflora, such as bifidobacteria, in the gut (FAO, 2007; Grootaert et al., 2007; Kabel et
al., 2002; Vazquez et al., 2000). Non-digestible oligosaccharides resist digestion and
absorption in the human small intestine and are completely or partially fermented in the
large intestine. Xylooligosaccharide is widely used in fields of medicine and in health
products, foods, beverages, and feed (Moure et al., 2006; Vazquez et al., 2000).
Xylooligosaccharide has acceptable organoleptic properties and does not exhibit toxicity
or negative effects on human health (Vazquez et al., 2000).

SD Longlive’s XOS is made from corncob. Corncob contains approximately 35% xylan
(Aachary and Prapulla, 2009; Moure et al., 2006) and is an important by-product of the
corn industry. Corncob is utilized to produce XOS, xylose, and xylitol (Aachary and
Prapulla, 2009; Wang et al., 2010). A partial hydrolysis of xylan (polysaccharides)
results in XOS, while a complete hydrolysis produces xylose, a monosaccharide.

Like other NDOs including fructooligosaccharide (FOS) and galactooligosaccharide
(GOS), XOS escapes digestion in the upper gastrointestinal tract and is fermented in
the lower gastrointestinal tract to short-chain fatty acids (SCFA; Alles et al., 1996, 1997;
Campbell et al., 1997; Fleming et al., 1983a, 1983b, 1983c) and exerts prebiotic
activities by promoting the growth of bifidobacteria (Table 1; Bouhnik et al., 1997, 2004;
Crittenden et al., 2002; Fujikawa et al., 1991; Moura et al., 2008; Park et al., 2002; Ryu
et al., 2002; van Laerke et al., 2000; van Loo et al., 1999; Yazawa et al., 1978). The
2007 FAO Technical Meeting Report on Prebiotics classified XOS, FOS, GOS, soya-
oligosaccharides, and isomalto-oligosaccharides (IMO) as prebiotics, defined as a food
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component that confers a health benefit on the host associated with modulation of the
microbiota (FAO, 2007).

Table 1. Classification of xylose-based carbohydrates and NDOs.

ltem Chemical Digestibility in Fermentability in
classification upper Gl tract the lower Gl tract

Xylose-based carbohydrates

Xylan polysaccharide Non-digestible Yes

Xylooligosaccharide oligosaccharide Non-digestible Yes

Xylose monosaccharide Mostly absorbed Negligible

Other non-digestible oligosaccharides similar in nature to XOS

Fructooligosaccharide oligosaccharide Non-digestible Yes

Galactooligosaccharide | oligosaccharide Non-digestible Yes

Soya oligosaccharide oligosaccharide Non-digestible Yes

Isomaltooligosaccharide | oligosaccharide Non-digestible Yes

I.D. Physicochemistry and structure of XOS

H8n+2 O4n+1

Molecular formula: C5" , where n=2-7.

Acid and thermal stability

XOS is stable after heating to 100°C under acid conditions (pH=2.5-8), which covers the

pH value of the vast majority of food systems (Courtin et al., 2009; Vazquez et al., 2000).
In food processing, XOS shows advantages over inulin in terms of resistance to both
acids and heat, allowing their utilization in low-pH juices and carbonated drinks (Modler
et al., 1994; Vazquez et al., 2000).

I.E. Manufacturing Process

Xylooligosaccharide is produced from xylan-rich corncob by chemical methods,
autohydrolysis, direct enzymatic hydrolysis of a susceptible substrate, or a combination
of chemical and enzymatic treatments (Garrote et al., 2001; Ninawe et al., 2005; Pazur
et al., 1957; Vazquez et al., 2000). However, enzymatic production of XOS is preferred
in the food industry (Parajo et al., 2004; Pazur et al., 1957). Corncob is a heterogenous
substrate sparingly soluble in water and the complete extraction of xylan is time-
consuming. Thus, a mild pretreatment method (see below) is widely used to make the
xylan available for enzymatic reaction (Jiang et al., 2005, 2006; Parajo et al., 2004).

The SD Longlive’s manufacturing process involves a mild pretreatment of corncobs (see
below), followed by enzymatic hydrolysis by endoxylanase, which has been commonly
used in the production of xylose and xylitol for a long time.
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Process description

1. Size mixing: mix corncob powder with water in a ratio of 1:6-10 and heat to 75 °C

or above.

2. Cooking/pretreatment: add glacial acetic acid (0.2-1.5% by weight of corncob)
and hold the mixture at 155-180°C under a pressure of 0.50-0.70 MPa for 30-120
min to break down the hemicelluloses present in corncob.

3. Hydrolysis: add xylanase (isolated from Streptomyces olivaceoviridis) and

incubate at 45-60°C, pH 5.0-6.0 (adjusted by 1 mol/L hydrochloric acid or 1 mol/L

sodium hydroxide) for 4-10 h to hydrolyze beta-1,4-xylosidic bonds in the beta-
(1,4)-linked D-xylosyl backbone of xylan into XOS.

4. Separation of the slag: separate the liquid from hydrolysis products through the
liquid slag separator.

5. Decoloring: add activated carbon (0.5-1.5% by weight) at 70-85°C for 25-40 min,

and then filter by plate and frame filter (equipment for filtration) to remove the
pigment and other impurities.

6. lon exchange at <45°C:

Cation column: Strongly acidic cation exchange resin, cross-linked polystyrene
matrix, sulphonate functional group, Na* counter-ion.

Anion column: Macroporous, weakly basic anion exchange resin, cross-linked
polystyrene matrix, dimethyl-tertiary amine functional group, OH" counter-ion.

7. Filtration: filter impurities through nanofilter membrane at 15-30°C.
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8. Concentration: concentrate the liquid to 40%-75% at 60-80°C.

9. Adjust the saccharide content: prepare several different concentration liquids by
adding some excipient.

10. Spray drying: spray dry with inlet temperature of 130-160°C and outlet

temperature of 65-85°C.

Quality control process:

Process tanks and lines are cleaned with sodium hydroxide and hydrogen peroxide
following standard procedures common to the dairy industry. All ion exchange resins
used for chromatographic purification of the XOS and for demineralization comply with
21 C.F.R. § 173.25. Celite is cleared under 27 CFR § 24.243 (filtering aids). Similar
uses of activated carbon are considered GRAS for purification and clarification of wine
as per 27 CFR §24.246. All processing aids used in the manufacturing process are
considered safe and suitable.

The immobilized enzyme preparation is sterilized every 3 d with a solution of food grade
acetic acid, potassium sorbate, and sodium benzoate. The materials from enzyme
sources are not included in the final product (rt-PCR and ELISA methods are used for
verification).
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|.F. Specifications

Tables 2 and 3 list specifications of XOS.

Table 2. Specifications of SD Longlive’s XOS preparations

December, 2010

Item XOS 95 XOS 70 XOS 35 XOS 20
Powder Powder Liquid Powder Powder
Dry substance, % =295 =95 70-75 >94 >94
Moisture, % <5.0 <5.0 <30.0 <6.0 <6.0
Ash, % <0.3 <0.3 <0.3 <0.3 <0.3
pH 3.5-6.5 3.5-6.5 3.5-6.5 3.5-6.5 3.5-6.5
?8%\/2{_7 content, > 95% > 70% > 70% >35% | =20%
XOS2.4 content, > 65% > 50% > 50% / /
dry wt. basis
Arsenic, ppm by wt. <0.3 <0.3 <0.3 <0.3 <0.3
Lead, ppm by wt. <0.5 <0.5 <0.5 <0.5 <0.5
Copper, ppm by wt. <5 <5 <5 <5 <5

*95P=powder form of 95% XOS; 70P=70% XOS, powder; 35P=35% XOS, powder;
20P=20% XOS, powder; 70L=liquid form of 49% XOS.

Table 3. Microbiologial specifications

Microorganism

Limit

Total bacterial count, cfu/g or ml

<1000 cfu/g or ml

Coliform bacteria, MNP/100g or ml

<30 or not detectable

golden yellow staphylococci)

Yeast, cfu/g or ml <25
Mold, cfu/g or ml <25
Pathogenic bacteria (salmonella, shigella, and | Negative

Table 4. Sensory properties of XOS

Product XOS liquid XOS powder
Appearance Transparent and sticky liquid, Powder without visible
without visible impurities impurities
Color Yellowish White or yellowish
Taste Sweet taste without abnormal flavor | Sweet taste without
abnormal flavor
Odor No abnormal smell No abnormal smell
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I.F. Analytical methods
The following methods were used in the chemical and microbiological analysis: total

plate count and yeast and mold count by the USP 2021 method; E.coli and
salmonella by the USP 2022 method; lead by inductively coupled plasma mass
spectrometry (ICP/MS) or atomic absorption (AA) spectrophotometry.

Il. Natural occurrence and exposure to XOS.

Il.LA. Food sources of XOS

Xylooligosaccharide is a hydrolysis product of xylan (a type of dietary fiber), a common
hemicellulose of cereal grains (corncob, corn bran, rice bran, wheat bran, and psyllium)
where it occurs in many different compositions and structures (Garcia et al., 2000).
Hemicelluloses and cellulose are considered as major dietary fiber components. The
xylan from corncobs has a chemical composition of 4-O-methyl-D-glucuronic acid, L-
arabinose, and D-xylose in the proportion of 2:7:19, respectively (Ai et al., 2005; Collins
et al., 2005; Garcia et al., 2000).

D-xylose (monosaccharide), a hydrolysis product of XOS and xylan, is found in the juice
of fruits such as apples and peaches as a component of the polysaccharide, xylan
(Hardinge et al., 1965). D-Xylose is a white crystal or crystalline powder with a mild and
fresh sweet taste but without a smell. Its degree of sweetness is about 60-70% of that
of sugar. D-xylose is used for browning and flavor improvement of foods. It is also used
as a low-calorie sweetener (Suzuki et al., 1999). In Japan, D-xylose is widely used as a
natural food additive in the fishery products and baking industries (MHLW, 1996a,
1996b; JETRO, 2004).

II.B. Intended use

Table 5 presents primary applications of XOS that include baby and toddler foods (RTE
cereals for toddlers; cookies, crackers, and puffs, baby food; RTS fruit-based
baby/toddler food; fruit juices, baby food; RTS dinners, baby/toddler food), beverages
and beverage bases (RTD energy, sport, and isotonic beverages; carbonated and non-
carbonated beverages, water, and beer; processed fruits, juice drinks, and punch; RTD
non-milk based meal replacements and protein beverages), dairy product analogs (RTD
soy beverages, chocolate milk, and flavored milk; frozen dairy desserts and mixes), milk
products (RTD flavored milk and milk drinks; RTD milk-based meal replacements;
yogurt, pudding, and jello), health foods (medicinal foods, chewing tablet, and capsule),
and general foods (RTE cereals, cereal bars, granola bars, protein bars, and power
bars; cookies, crackers, and puffs; chewing gum; chocolate, candy, confectionary and
sweet), at use levels of 0.095 to 0.48 g per serving. Food codes representative of each
proposed food use were chosen from the National Center for Health Statistics (NCHS)
2007-2008 National Health and Nutrition Examination Survey (NHANES) (CDC, 2010;
USDA, 2010) and were grouped in food use categories according to Title 21, Section
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s$170.3 of the Code of Federal Regulations (U.S. FDA, 2008). XOS ingredients are not

intended for use in meat or poultry-containing products.

Table 5. Intended use of XOS

E(;(:s o Proposed food uses (Se;rving size Sgl;la_ongl;\;eps Xzipcor;coe: trat;(z)rll_ fé(\?eslsl,]se
gory 9 g/serving
RTE cereals, toddler 20 0.4 054 [ 1.08 | 1.9 | 0.77 0.38
Cookies, crackers, and 7 025 | 0.34 | 068 | 1.2 | 049 | 0.24
puffs, baby food
. 60 (strained) | 0.25 | 0.34 | 0.68 | 1.2 | 0.49 0.24
papy and E;bs ft:;‘ét dﬁ’:rsfeo% ] 110 (unior) | 0.25 | 034 | 068 | 1.2 | 049 | 0.4
foods y 125 (toddler) | 0.4 0.54 1108 ]| 1.9 | 0.77 0.38
Fruit juices, baby food 125 0.25 | 0.34 | 068 | 1.2 | 049 0.24
. 60 (strained) | 0.25 | 0.34 | 0.68 | 1.2 | 0.49 0.24
R1S dinners, babyftoddler | 410 unior) | 0.25 | 0.34 | 068 | 12 | 049 | 024
170 (toddler) | 0.4 0.54 1108 ] 1.9 | 0.77 0.38
RTD energy, sport, and 225 05 | 068 |1.37 | 24 | 098 | 0.48
isotonic beverages
Carbonated and non-
Beverage | carbonated beverages and 225 0.5 068 | 137 | 24 | 0.98 0.48
s and water, and beer
beverage | Processed fruits, juice
bases drinks, and punch 244 0.3 0.41 | 0.83 | 145 | 0.59 0.29
RTD non-milk based meal
replacements and protein 266 0.3 0.41 | 0.83 | 145 | 0.59 0.29
beverages
RTD soy beverages,
Dairy chocolate milk, and flavored 225 0.5 068 | 1.37 | 24 | 0.98 0.48
product milk
analogs ;‘:‘)’(22” dairy desserts and 68 03 | 041 |083|145|059| 029
RTD flavored milk and milk 250 0.3 | 041 | 083 | 145|059 | 0.29
Milk drinks
products | R1D milk-based meal 266 0.41 | 0.83 | 1.45 | 059 | 0.29
replacements
Yogurt, pudding, and jello 225 0.5 068 | 137 | 24 | 0.98 0.48
Health Medicinal foods 40 1.2 1.63 | 325 | 57 | 2.33 1.14
foods Chewing tablet and capsule 2 1.2 163 | 3.25| 5.7 | 2.33 1.14
RTE cereals, cereal bars,
granola bars, protein bars, 40 0.3 0.41 | 0.83 | 1.45| 0.59 0.29
and power bars
General | Cookies, crackers, and 40 03 | 041 | 083 | 145|059 | 029
foods puffs
Chewing gum 1 stick 0.1 0.14 | 0.27 | 0.48 | 0.19 0.095
Chacolate, candy, 40 03 | 041 | 083 |145|059| 029

confectionary and sweet

*95P=powder form of 95% XOS; 70P=70% XOS, powder; 35P=35% XOS, powder; 20P=20% XOS,
powder; 70L=liquid form of 49% XOS; RTE=ready-to-eat; RTD=ready-to-drink; RTS=ready-to-serve.
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[I.C. Current consumer intake levels

Based on food consumption data reported in the most recent National Health and
Nutrition Examination Survey (NHANES; 2007-2008) compiled by the U.S. Department
of Health and Human Services, National Center for Health Statistics and the Nutrition
Coordinating Center, estimates of 2-d average intakes of dietary fiber were calculated
from the food code list and the survey database of diet recalls. The usual intake
estimation procedure requires multiple days of nutrient intake data for at least a
representative subsample of the individuals in the sample in order to estimate variances.
The NHANES provides the most current food consumption data available for the
American population. The NHANES was conducted between 2007-2008 with non-
institutionalized individuals in the U.S. In each of the two survey years, data were
collected from a nationally representative sample of individuals of all ages. The food
and dietary supplement record for each individual includes the gram weight and nutrient
data for all foods consumed during the day of the recall. All estimates were generated
with USDA sampling weights to adjust for differences in representation of
subpopulations. However, the NHANES dataset and USDA food composition tables do
not list XOS content in foods. Thus, it is not possible to estimate the current consumer
intake levels.

II.D. Estimated Daily Intake of XOS from GRAS Uses

Using food intake data reported in the 2007-2008 NHANES, exposure levels to SD
Longlive’s XOS that will result from the intended uses were estimated (Table 6). The
estimate is based on the assumption that 100% of the products are used under the
intended use. This is a highly unlikely scenario since it is not possible to use all the food
groups under the intended use. Also, wastage and other losses should be considered.

Even if 100% of the product will be used under the intended use, the median intakes
including XOS from all GRAS proposed use categories by users of one or more foods is
1.06 g/d for male children aged 0-2 yr and 3.53 g/d for the entire population. The 90"
percentile intakes including XOS from all GRAS-proposed use categories by users of
one or more foods are 2.75 g/d (or 242 mg/kg BW/d) in infants and toddlers aged 0-2 yr,
3.96 g/d (or 152 mg/kg BW/d) for young children aged 3-11 yr, 6.62 g/d (or 103 mg/kg
BWI/d) in older children and teenagers aged 13-19 yr, and 8.83 g/d (or 112 mg/kg BW/d)
in adults aged 20 and older. These levels are more than 12-35x below the NOAEL
values that have been found from subacute toxicity studies in rats and chicks (Graham
et al., 2004; Park et al., 2001; SD Longlive, 2010).

On an individual population basis, the greatest mean and 90th percentile all-user
exposures were estimated to occur in male adults (aged over 20 yr) at 9.96 g/person/d
(115 mg/kg BW/d). On a body weight basis, mean and 90™ percentile all-user intakes of
XOS were highest in infants, ages 0 to 2 yr, with intakes of 246 mg/kg BW/d.

11
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Table 6a. XOS exposure estimates, g/d
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Age, yr | Gender | Mean SE Pct10 | Pct25 | Pct50 | Pct75 | Pct90
0-2 All 1.27 0.03 0.07 0.47 1.02 1.76 2.75
0-2 Male 1.34 0.05 0.08 0.51 1.06 1.90 2.95
0-2 Female 1.20 0.04 0.06 0.44 0.99 1.69 2.53
3-11 All 2.26 0.04 0.86 1.33 2.03 2.9 3.96
3-11 Male 2.37 0.05 0.89 1.36 2.09 3.13 4.20
3-11 Female 2.15 0.04 0.84 1.29 1.95 2.75 3.63
12-19 All 3.64 0.08 1.17 1.96 3.10 4.59 6.62
12-19 Male 4.12 0.11 1.36 2.18 3.43 5.09 7.67
12-19 Female 3.12 0.07 1.01 1.79 2.78 4.05 5.83
20+ All 4.83 0.08 1.61 2.62 4.19 6.27 8.83
20+ Male 5.48 0.11 1.93 3.07 4.75 7.10 9.96
20+ Female 4.25 0.07 1.40 2.35 3.73 5.55 7.60
0+ All 4.23 0.06 1.19 210 3.53 5.60 8.08
Pct=percentile; Pct 10=10" percentile.

Table 6b. XOS exposure estimates, mg/kg BW

Age, yr | Gender | Mean SE Pct10 | Pct25 | Pct50 | Pct75 | Pct90
0-2 All 112.32 3.03 7.45 44.16 88.71 151.30 242.10
0-2 Male 116.65 3.99 8.04 46.29 89.07 168.77 244.05
0-2 Female 107.85 3.41 7.10 41.82 88.04 144.96 239.40
3-11 All 84.99 1.25 30.85 48.86 75.14 110.02 152.02
3-11 Male 88.01 1.81 32.07 51.93 78.76 113.71 155.31
3-11 Female 81.89 1.61 29.73 46.15 72.15 106.52 147.42
12-19 All 57.25 1.33 18.39 31.52 49.66 72.82 103.15
12-19 Male 61.79 1.84 20.78 33.44 51.30 76.72 113.21
12-19 Female 52.39 1.28 15.90 29.13 47.15 69.03 92.91
20+ All 61.59 0.93 20.58 33.57 52.72 79.46 112.41
20+ Male 63.86 1.13 22.44 34.96 54.80 82.68 115.42
20+ Female 59.52 0.99 18.94 32.35 51.02 76.43 108.53
0+ All 66.32 0.92 20.83 34.52 55.55 84.86 123.05

Pct=percentile; Pct 10=10" percentile.

[1l. Basis for GRAS determination

lIILA. Current regulatory status

Currently, XOS is not listed as an approved food additive or a GRAS-affirmed
substance in the U.S. The 2007 FAO Technical Meeting Report on Prebiotics classified
XOS as a prebiotic, defined as a food component that confers a health benefit on the
host associated with modulation of the microbiota (FAO, 2007). Xylooligosaccharide is
commercially used as a food ingredient in Japan. The FOSHU (‘Food for Specified
Health Use’) has been used in Japan since 1991 (Vazquez et al., 2000). FOSHU foods
are expected to have a specific effect on health due to the relevant constituent(s) of the

foods.

12




Xylooligosaccharide GRAS Self Affirmation December, 2010

Other NDOs, such as FOS (GRN 44), GOS (GRN 236, 285, and 286) and IMO (GRN
246), already are listed as GRAS substances. Also, xylose and xylitol (xylose-based
sugar alcohol) are listed as GRAS substances and are included in the "Everything"
Added to Food in the United States (EAFUS) list. The EAFUS list of substances
contains ingredients added directly to food that FDA has either approved as food
additives or listed or affirmed as GRAS. Many dietary fiber ingredients containing xylose
backbones (i.e., xylans or arabinoxylans) such as psyllium, corn bran, rice bran, and
wheat bran, are considered as GRAS ingredients by the US FDA (21 CFR, Part
184.1890, 182.8890, and 182.8892) when used in accordance with good manufacturing
practice. FDA has approved a health claim for psyllium fiber and heart disease risk
reduction.

In addition, XOS is a component of dietary fiber that is considered as an essential
nutrient low in the American diet. The Institute of Medicine (IOM, 2002) and the USDA
Dietary Guidelines Committee (2004, 2010) recommended increased consumption of
dietary fiber for Americans of all ages.

l1l.B. Intended technical effects
Xylooligosaccharide can be used as an ingredient in foods and beverages as a prebiotic
source.

l1l.C. Review of safety data

[11.C.1. Metabolic fate of XOS

Digestion tests with salivary juice, gastric juice, pancreatic juice, and intestinal juice
show that the digestive juices can not decompose XOS (Kunimasa and Shigeaki, 1991).
For example, xylobiose (X2) cannot be hydrolyzed by saliva, pancreatin, gastric juice, or
intestinal mucosa homogenate and ingested X2 is not excreted in feces or urine in the
24 h following oral administration. Joo et al. (1998) compared the digestibility of XOS,
FOS and IMO by digestive tract juices and the effect of XOS on the absorption of bile
acids. HPLC analysis showed no hydrolysis products of FOS, 10S, or XOS after 4 h of
in vitro digestion (Joo et al., 1998). Also, supplementation of 4.0 g XOS/d for 3 wk
decreased the fecal pH values (XOS group, 6.50 vs. control, 7.39, p<0.05) in the elderly
(Chung et al., 2007). These data suggest utilization of XOS by intestinal bacteria
(Okazaki et al., 1991).

Colonic XOS fermentation leads to production of CO,, Hy, SCFA (acetate, propionate,
and butyrate) and lactate. These may be further metabolized to provide energy
generation for the host. A number of health effects have been reported for SCFA,
including improvement in bowel function, calcium absorption, lipid metabolism, and
reduction of the risk of colon cancer (Scheppach et al., 2001).

13
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The health effects of XOS are mainly related to their effects on the gastrointestinal flora.
Xylooligosaccharide is a class of NDO prebiotic that beneficially affects the host by
selectively stimulating the growth and/or activity of one or a limited number of bacteria in
the colon, and thus improves host health (Gibson and Roberfroid, 1995; Moure et al.,
2006). Prebiotics increase the numbers of bifidobacteria and decrease clostridia
(Gibson and Roberfroid, 1995; Holzapfel and Schillinger, 2002; Rycroft et al., 2001).

Xylooligosaccharide has been demonstrated to be extensively utilized by several
species of bifidobacteria. In vitro assays proved that Bifidobacterium spp. and B.
adolescentis utilized both X2 and X3. XOS was readily utilized by B. bifidum, and the
oral ingestion of XOS promoted the proliferation of B. bifidum in intestines (Okazaki et
al., 1990; Oku et al., 2002; Par et al., 1992). However, XOS is used slightly or not at all
by species of bacteroides, staphylococcus, Escherichia coli, and clostridium under in
vitro conditions. Xylooligosaccharide was utilized by limited strains of lactobacilli
(Kontula et al., 1998).

In vivo administration of XOS to human subjects promoted growth of bifidobacteria
(Okazaki et al., 1990; Ryu et al., 2002). Bifidobacteria are associated with decreased
illness and the suppression of potentially pathogenic and putrefactive bacteria (Camilleri,
2006; de Vrese et al., 2006; Hidaka et al., 1991) due to their specific utilization of oligo-
and polysaccharides that are not utilized by other intestinal bacteria (Yazawa et al.,
1978). Also, bifidobacteria produce substances that would be bactericidal to others
including some clostridia.

Xylooligosaccharide also maintains fecal water content within the normal range
(Dohnalek et al., 1998 a, 1998b; Jeong et al., 1998; Tateyama et al., 2005). Howard et
al. (1995) reported that consumption of XOS supports a modest enhancement of cecal
epithelial cell proliferation in mice and rats. The trophic effect of fermentable fiber on
colonic epithelial cell proliferation has been attributed to SCFA production resulting from
the anaerobic fermentation of structural oligo- and polysaccharides by bacteria (Sakata,
1987; Sakata and von Englehardt, 1983). Increased cecum weights following
consumption of other indigestible carbohydrates (sorbitol, mannitol, xylitol, caramel, and
polydextrose) in rodents is a well established phenomenon, and is not considered to
have toxicological relevance to humans (WHO, 1987).

[11.C.2. Safety studies

l11.C.2.1. Preclinical Studies of XOS

Published studies indicate that XOS is of low toxicity to animals. The acute toxicity of
XOS has been reported to be 10 g/kg BW in the rat (Park et al., 1999) and >20 g/kg BW
in mice (SD Longlive, 2010). Table 7 summarizes the toxicity studies on XOS. A
subacute toxicity of XOS in young rats demonstrated that the NOAEL of XOS was 3,000
mg/kg BW (Park et al., 2000) and 4% in the diet in chicks (Graham et al., 2004).
Unpublished data from SD Longlive confirmed the previous findings; NOAEL was found
to be 4,000 mg/kg BW. Other animal studies measuring various endpoints reported no
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adverse effects of XOS (Gobinath et al., 2010; Howard et al., 1995; Hsu et al., 2004). In
addition, various studies showed no mutagenic, teratogenic, or genotoxicity effects of
XOS (Oh et al., 1999; SD Longlive 2010). Related compounds such as xylose, xylan,
and fibers containing a xylose backbone were found to be safe (Fleming and Lee, 1983;
Imazawa et al., 1999; Jiang et al., 1986; Kuroiwa et al., 1967; Marlett et al., 2002; Yen
et al., 1992; Yoshino et al., 2006).

Table 7. Acute and subacute toxicity studies of XOS

Species | Length of the | Measurement | Results Reference
study endpoints
Rat Single dose, Acute toxicity LD50=10 g/kg BW Park et al.,
observed 14 d 1999
Mouse Single dose, Acute toxicity LD50>20 g/kg BW SD Longlive,
observed 14 d 2010
Rat 13 wk Subacute NOAEL - 3,000 mg/kg | Park et al.,
toxicity BW/d; the highest dose | 2000
administered
Rat 30d Subacute NOAEL - 4,000 mg/kg | SD Longlive,
toxicity BW/d; the highest dose | 2010
administered
Chick 21d Subacute 4% in the diet in chicks; | Graham et al.,
toxicity the highest dose 2004

administered

Comparison with GOS (Table 8)

The literature shows that GOS and XOS have similar toxicity patterns. Like GOS, XOS
is known as a prebiotic carbohydrate ingredient that enhances growth of bidfidobacteria
and lactobacilli in the gastrointestinal tract (Holma et al., 2002; Okazaki et al., 1990,
1991). The acute toxicity of GOS has been reported to be 15 g/kg BW in rats
(Matsumoto et al., 1993). Subchronic toxicity studies administering GOS via gavage or
in the diet reported the NOAEL values of 2,000 and 5,000 mg/kg BW/d, the highest
doses administered (Anthony et al., 2006). The mutagenicity/genotoxicity of GOS was
evaluated in the bacterial reverse mutation test and a mammalian chromosome
aberration test and an in vivo mouse micronucleus assay. It was concluded that GOS
was not genotoxic or mutagenic (Yasutake et al., 2003). FDA had no question on the
GOS GRAS notice (GRN 285 and 286).
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Table 8. Comparison of toxicity studies with XOS and GOS

Species Study Results Reference
XOS Acute toxicity LD50>10 g/kg BW in rats and | Park et al., 1999
mice SD Longlive, 2010
GOS Acute toxicity LD 50=15 g/kg BW in rats Matsumoto et al.,
1993
X0OS Subacute toxicity | NOAEL>3,000 mg/kg BW/d in | Graham et al., 2004;

rats or 4% in the diet in chicks | Park et al., 2000; SD
Longlive, 2010

GOS Subacute toxicity | NOAEL=2,000-5,000 Anthony et al., 2006
mg/kg BW/d

[11.C.2.1.1. Acute toxicity test in the rat (Park et al., 1999)
Park et al. (1999) reported that XOS had no toxic effects and that the LDs value of XOS
was above 10 g/kg BW in Sprague Dawley® (SD) rats.

[11.C.2.1.2. Acute toxicity test in the mouse (SD Longlive, 2010)

Twenty mice (10 males and 10 females) weighing 18-22 g were infused with XOS at the
dosage of 20 g/kg BW twice daily and were observed at 14 d. There were no obvious
toxicity symptoms either in both male or female mice and no death of animals at 14 d
(Table 7). Thus, it was concluded that the LDsg value of XOS in both male and female
mice was greater than 20 g/kg BW.

[11.C.2.1.3. Subacute toxicity in the rat (Table 7; Park et al., 2000)

Park et al. (2000) evaluated subacute toxicity of XOS in SD rats. Groups of 60 male and
60 female rats were orally administered with 0, 333, 1,000 or 3,000 mg/kg for 13 wk.
Hematological values and histopathological findings were investigated at the end of 13
and 17 wk (i.e., at the end of 4 wk of recovery periods). No death or toxic effects were
observed during the test periods. There were statistically significant changes in several
criteria, but these change had no direct relationship to dosage. Clinical changes were
general occurrence and no specific toxicity was related to XOS. Gross necropsy and
histopathology revealed that no target organs were found in treated mice with XOS. No
treatment-related changes in BWs were noted during the treatment period. Daily food
intakes in the XOS-treated groups of both sexes were not significantly different from the
control groups except transient changes noted on d 1 in males. According to the results,
the NOAEL of XOS was estimated to be > 3,000 mg/kg.

Hematological values:

No treatment-related changes in hematological values (white blood cell [WBC], red
blood cell [RBC], hematocrit [HCT], mean corpuscular hemoglobin ([MCH], mean
corpuscular hemoglobin concentration [MCHC], and lymphocyte values) were noted
during the treatment period. In males at 4 wk recovery, a significant decrease in MCH
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values (19.8+0.5vs. 19.210.4 pg; P < 0.05) were observed in the 3,000 mg/kg group.
However, all of hematological values were within the physiologically normal ranges.

Serum biochemistry:

Serum analysis showed no treatment-related changes in serum concentrations of
aspartate aminotransferase (AST or SGOT), alanine aminotransferase (ALT or SGPT),
alkaline phosphatase (ALP), blood urea nitrogen (BUN), creatine (CREA), glucose, total
cholesterol (T-C), total bilirubin (T-BIL), total protein (TP), albumin (ALB), the ratio of
albumin to globulin (A/G ratio), creatine phosphokinase (CPK), triglyceride (TG),
calcium (Ca), inorganic phosphorus (IP), Na, K, and CI, during the treatment period. The
only exception was the phospholipid (PL-E) concentration (148.6 £ 28.1 vs. 123.8 +
13.2 mg/dl; P<0.05) noted in the 1,000 mg/kg group in males at 13 wk, but it was not
considered as a treatment related change.

Gross and histopathological findings in male and female rats treated orally with XOS:
No abnormalities have been observed in brain, hypophysis, adrenal gland, liver, spleen,
kidney, heart, testis, ovary, prostrate/uterus, lung, thymus, thyroid gland, salivary gland,
urinary bladder, seminal vesicle, epididymis, preputial gland, pancreas, skin, stomach,
duodenum, jejunum, ileum, cecum, colon, rectum, artery, cervical spinal cord, lumbar
spinal cord, tongue, trachea, esophagus, sciatic nerve, muscle, femur, sternum, eyes,
harderian gland, mesenteric lymph node, submandibular lymph node, or abdominal
cavity.

Urine analysis:

Urine analysis showed no treatment-related changes in concentrations of glucose,
bilirubin, ketone, protein, urobilinogen, nitrite, or specific gravity, pH, occult blood, and
color during the treatment period.

[11.C.2.1.4. Subacute toxicity study in the chick (Table 9; Graham et al., 2004)
Day-old chicks were fed diets containing 0, 0.4, 4,000 or 40,000 mg/kg XOS to 21 d old
(18 chicks/diet). XOS did not influence chick growth, liver weight, gut length, or ileal
digesta dry matter (Table 9). However, XOS decreased ileal lactic acid concentration
and increased cecal butyric acid and SCFA. XOS was rapidly fermented in the ceca,
and elevated plasma xylose levels. XOS also decreased overall cecal bacterial numbers
but had little influence on the overall bacterial community profile. No adverse effects
were noted in any test group. The NOAEL was found to be 4% in the diet.
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Table 9. Effect of XOS on chick performance and gut parameters.

Dosage, % in diet Control; 0 0.04 0.4 4.0

14 day live-weight, g 383 354 368 380
21 day live-weight, g 750 724 742 731

Gut length, cm 121 116 120 125
lleal digesta dry matter, % 16.4 16.3 15.8 15.6
lleal soluble xylose units, g/kg 0.3 0.5 1.7 10.4
Cecal soluble xylose units, 0.34 0.22 0.36 1.08
g/kg

Plasma xylose, mg/I 0.5 1.0 2.2 13.2
lleal lactic acid, mmol 45 33 31 25

Cecal total VFA, mmol 133 133 130 151

Cecal butyric acid, mmol 13.9 14.0 14.8 20.8
Cecal propionic acid, mmol 4.7 4.5 3.8 3.1

Cecal bacteria, 10" cells/g 1.99 1.94 1.80 1.54

From Graham et al., 2004

[11.C.2.1.5. A 30 day feeding study in rats (Table 7; SD Longlive, 2010)

From this study, the NOAEL was determined to be 4,000 mg/kg BW/d. In this study, 80
weaning rats, weighing 50-60 g, were randomly assigned to 4 groups: control, 1,000,
2,000, or 4,000 mg/kg BW/d (10 male and 10 female rats per group). All animals
showed normal growth activity. There were no significant differences in BW, food intake,
or food availability between any test group and the control group. Hematological values
and serum chemistry values, such as hemoglobin, red blood cell count, white blood
cells, aminotransferase, BUN, creatine, cholesterone, nitroglycerine, blood sugar, total
protein, and albumin were in the normal range and there were no significant differences
among treatment groups and control groups. Also, there were no significant microscopic
pathological changes in liver, spleen, kidney, stomach, duodenum, testis, or ovary in
any treatment group compared with the control group.

[11.C.2.1.6. Other animal studies showing no adverse effects of XOS

As shown in Table 10, other animal studies reported no adverse effects of XOS. Even
6-10% XOS in the diet did not show any adverse effects in rats.
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Table 10. Other animal studies showing no adverse effects of XOS

December, 2010

Species Dosage Length of | Measurement Reference
the study | endpoints

Weanling male 0.28 g 14d Colonic crypt depth and | Howard et
mice X0Ss/d epithelial cell al., 1995

proliferation and colonic

microflora.

BW gain.
Streptozotocin- 10% in diet | 6 wk Activity of antioxidant Gobinath et
induced diabetic enzymes, fecal al., 2010
Wistar rats microflora
Male Sprague- 6% indiet |35d Cecal microbiota, cecal | Hsu et al.,
Dawley rats, 1,2- pH, cecal weight, and 2004
dimethylhy-drazine serum lipid levels, and
(DMH)-treated the number of aberrant

crypt foci (ACF) in the

colon

Colonic health study in mice (Table 10)

Howard et al. (1995) evaluated the impact of supplementing soluble fiber (XOS, FOS, or
gum arabic) to a semi-elemental diet on colonic epithelial cell proliferation and
microflora. Consumption of XOS increased cecal crypt depth (XOS, 175.8 vs. control,
168.5 um; P < 0.05) and labeling index (XOS, 0.21 vs. control, 0.17; P < 0.05) relative to
the other three treatments. Consumption of XOS and the control diet resulted in
comparable cell density (number of cells in a vertical-half of the crypt), crypt depth, cell
proliferation zone, and labeling index of cecum and distal colon. No adverse effects of
XOS were reported.

Bifidogenic effect of XOS in streptozotocin-induced diabetic Wistar rats (Table 10)

The XOS obtained from alkali-pretreated corncob was supplemented at 10% (w/w) in
the basal diet of streptozotocin-induced diabetic Wistar rats, while the control rats were
fed with a basal diet for a period of 6 wk (Gobinath et al., 2010) Xylooligosaccharide
supplementation exerted favorable influences on diabetic rats by significantly improving
body weight (weight gain; XOS, -19.9£10.2 vs. control, -37.3£6.1 g; P<0.05), reducing
hyperglycemia and plasma cholesterol (XOS, 12146+101 vs. control, 2295+175 mgl/I;
P<0.05), and increasing the activity of antioxidant enzymes (catalase and glutathione
reductase) in the blood of diabetic rats. Supplementation of XOS and FOS resulted in a
significant increase in bifidobacteria (logio CFU/g wet contents; XOS, 10.2+ 0.12 vs.
control, 8.89+ 0.21; P<0.05) and lactobacilli (log1o CFU/g wet contents; XOS, 7.81+ 0.23
vs. control, 7.45% 0.16; P<0.05) in the cecum of normal rats. No adverse effects were
reported.

Carcinogenicity test (Table 10)
Hsu et al. (2004) evaluated the effects of XOS and FOS on the alteration of cecal
microbiota, cecal pH, cecal weight, and serum lipid concnetrations, as well as their
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inhibitory effect on pre-cancerous colon lesions in male SD rats. The rats were randomly
assigned to 4 groups: control, treatment with 1,2-dimethylhydrazine (DMH, 15 mg/kg
BW/wk for 2 wk), treatment with DMH + 60 g XOS/kg diet, and treatment with DMH + 60
g FOS/kg diet. Rats were fed the experimental diets for 35 d, beginning 1wk after the
second dose of DMH. Both XOS and FOS markedly decreased the cecal pH (XOS,
6.08+£0.11 vs. FOS, 6.16% 0.07 vs. DMH-control, 6.53% 0.12; P<0.05), and increased the
total cecal weight (XOS, 18.5+ 0.8 vs. FOS, 19.0+ 0.1 vs. DMH-control, 14.6+ 0.9 g;
P<0.05) and bifidobacteria population (log1o CFU/g wet contents; XOS, 10.93+ 0.07 vs.
FOS, 10.09+ 0.12 vs. DMH-control, 8.95+ 0.26; P<0.05). XOS had a greater effect on
the bacterial population than did FOS. Moreover, both XOS and FOS markedly reduced
the number of aberrant crypt foci in the colon of DMH-treated rats (number of 2
crypts/focus; XOS, 1.20+ 0.33 vs. FOS, 3.10+ 0.69 vs. DMH-control, 4.80% 1.00;
P<0.05: number of >4 crypts/focus; XOS, 0.30+ 0.15 vs. FOS, 0.60+ 0.27 vs. DMH-
control, 2.80% 1.04; P<0.05). These results suggest that dietary supplementation of
NDOs, such as XOS and FOS, may be beneficial to gastrointestinal health, and that
XOS is more effective than FOS. No adverse effects of XOS were reported.

l11.C.2.1.7. Study with fish

Xu et al. (2009) investigated the effect of XOS on the growth performance and digestive
enzyme activities of the allogynogenetic crucian carp, Carassius auratus gibeli. XOS
was added to fish basal semi-purified diets at three concentrations: diet 1, 50 mg/kg;
diet 2, 100 mg/kg; diet 3, 200 mg/kg, respectively. Twelve aquaria (n = 20) with three
replicates for each treatment group (diets 1-3) and control without XOS were used.
Weights of all collected carp from each aquarium were determined at the initial phase
and at the end of the experiment, and carp survival also was determined by counting
the individuals in each aquarium. After 45 d, there were significant differences in the
relative rate of gain and daily weight gain of diets 1-3 compared with the control (relatice
rate of gain; XOS groups, 0.26-0.30 vs. control, 0.20, P<0.05; daily weight gain, XOS
groups, 0.101-0.131 vs. control, 0.076, P<0.05). However, the survival rate was not
affected. No adverse effects of XOS were reported.

I11.C.2.1.8. Mutagenicity and genotoxicity tests of XOS

Table 11 shows that the Ames test, polychromatophilic normocyte micronucleus test of
bone marrow in mice, sperm abnormality test in mice, and testis chromosome
aberration test in mice showed no adverse effects of XOS.
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Table 11. Summary of mutagenicity and genotoxicity studies showing no adverse
effects of XOS

Test Dosage of XOS Ref

Ames test 5,000 ug/plate Oh et al., 1999
Ames test 5,000 ug/plate SD Longlive, 2010
Polychromatophilic normocyte micronucleus | 10.0 g/kg BW SD Longlive, 2010
test of bone marrow (BM) in mice, 5 d

Sperm abnormality test in mice, 5d 10.0 g/kg BW SD Longlive, 2010
Testis chromosome aberration test in mice, | 10.0 g/kg BW SD Longlive, 2010
5d

Bacterial reverse mutation assay of XOS (Oh et al., 1999)

To evaluate the bacterial reverse mutation of XOS, the in vitro Ames test using
Salmonella typhimurium (TA98, TA100, TA1535, and TA1537) and Escherichia coli
(WP2 uvrA) with and without rat liver microsomal enzyme (S-9 fraction) was conducted.
Xylooligosaccharide at a concentration up to 5,000 ug/plate did not cause bacterial
reverse mutation.

Ames test (SD Longlive, 2010)

The Ames test with four strains of Salmonella typhimurium TA97, TA98, TA100, and
TA102 with or without S-9 showed that XOS at five concentrations (250, 500, 1,000,
2,500, or 5,000 pg/plate) had no mutagenicity. The number of revertant colonies did not
exceed two times that of spontaneous revertant colonies in all dosage groups in two
experiments. No dose-response relationship was observed.

Polychromatophilic normocyte micronucleus test of bone marrow in mice (SD Longlive,
2010)

The polychromatophilic normocyte micronucleus test of bone marrow in mice with
concentrations of 2.5, 5.0, and 10.0 g/kg BW showed no abnormalities. In this study,
distilled water was given to the negative control group and cyclophosphamide (CTX, 40
mg/kg BW) to the positive control group. There were no significant differences in
micronucleus rate between any test group and the negative control group.

Sperm abnormality test in mice (SD Longlive, 2010)

Twenty-five male mice, weighing 25-30 g were used in this study. The dosages of XOS
were 2.5, 5.0, and 10.0 g/kg BW. Distilled water was given to the negative control group
and CTX (40 mg/kg BW) to the positive control group. The testing material was given by
gastric perfusion continuously for 5 d. The animals were sacrificed 35 d after the first
time of gastric perfusion. There was no significant difference in sperm abnormality rate
between testing groups of different doses and the negative control group (P>0.05). The
data indicate that the sample did not cause abnormality of sperm in mice.
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Testis chromosome aberration test in mice (SD Longlive, 2010)

Twenty-five male mice weighing 25-30 g were used in this study. The dosages of XOS
were 2.5, 5.0, and 10.0 g/kg BW. Distilled water was given to the negative control group
and CTX (40 mg/kg BW) to the positive control group. The testing material was given by
gastric perfusion continuously for 5 d. The animals were sacrificed 13 d after the first
time of gastric perfusion. There was no significant difference in chromosome aberration
rate between test groups receiving different doses and the negative control group. The
data indicate that the sample did not cause chromosome aberration of the testis in mice.

[11.C.2.2. Preclinical studies of D-Xylose, a related compound

The oral and intravenous LDsy of D-xylose have been found to be more than 23 g/kg
and 11.3 g/kg, respectively, for mice (Umetsu, 1981). The NOAEL determined from a
subchronic toxicity and a chronic toxicity studies was 5% in the diet.

[11.C.2.2.1 Digestibility and metabolism of D-xylose

Schutte et al. (1991a) studied ileal digestibility and urinary excretion of D-xylose and
associated effects (ileal and fecal digestibility of dry matter (DM), organic matter (OM),
gross energy (GE) and nitrogen) in pigs. Castrated pigs were prepared with a post-
valvular T-cecum cannula to measure ileal digestibility. Fecal digestibility was measured
in non-cannulated pigs. D-Xylose was given at dietary inclusion levels of 100 and 200
g/kg (or 10% and 20%), and the control sugar, D-glucose, at a rate of 200 g/kg diet. lleal
digestibility of D-xylose as well as that of D-glucose was found to be close to 100%. The
presence of D-xylose in the diet decreased ileal digesta pH (20% XOS, 6.0 vs. 10%
XOS, 6.2 vs. control, 6.5; 20% vs. control, P<0.05). In pigs fed the 100 g D-xylose/kg
diet, 44.5% of the D-xylose intake appeared in the urine. This percentage increased
significantly to 52.6% when pigs were fed the 200 g D-xylose/kg diet. lleal and fecal
digestibility of DM (ileal digestibility coefficient; 20% XOS, 81.9 vs. 10% XOS, 85.7 vs.
control, 86.2; 20% vs. control, P<0.05: fecal digestibility coefficient; 20% XOS, 92.2 vs.
10%, 95.5 vs. control, 94.9; 20% vs. control, P<0.05) decreased significantly in pigs fed
the 20% xylose diet. Also, a chick study reported that mean ileal digestibility of D-
glucose and D-xylose was nearly 100% (Schutte et al., 1991b).

[11.C.2.2.2. A subchronic toxicity study of D-xylose

Imazawa et al. (1999) conducted a 13-wk subchronic toxicity study of D-xylose that was
performed in male and female F344 rats at dose levels of 0, 0.2, 0.6, 1.7, and 5% D-
xylose in the CRF-1 powder diet. Rats were randomly allocated to 5 groups each
consisting of 10 males and 10 females. Treated groups showed no changes in BW gain
or food intake, and all animals survived until the end of the experiment. No clear dose-
response effect was observed in the hematological data in either males or females
given D-xylose. Serum biochemistry studies revealed decreases in AST in the 0.2 and
5% D-xylose group males and 0.2, 1.7, and 5% group females compared to the control
value. However, the changes were not considered specific because of the lack of any
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clear dose-response effect. In addition, no histopathological changes indicating obvious
toxicity of D-xylose were observed in the livers of either sex treated with D-xylose.
Based on these data, the NOAEL of D-xylose in F344 rats of both sexes was judged to
be 5% or more in the diet.

A chick study evaluating nutritional effects of xylose demonstrated that xylose did not
affect liver weight when 25, 50, or 75 g/kg of D-xylose was fed for 21 d (Schutte et al.,
1992), although a slightly negative dose-dependent effect on weight gain and feed
utilization was observed. Overall, no adverse effects were reported related to xylose
consumption in rats and chicks.

[11.C.2.2.3. Two year chronic toxicity/carcinogenicity study of xylose

Kuroiwa et al. (1967) conducted a 2 yr chronic toxicity/carcinogenicity study of D-xylose
(purity 99%) using groups of 50 male and 50 female F344 rats at dietary doses of 0
(control), 2.5, and 5%. The doses were selected on the basis of results from a 13 wk
subchronic toxicity study. There were no significant differences in clinical signs,
mortality, or hematological findings between any test group and the control group.
Decreases in absolute weight and increases in relative weight of the brain (absolute wt;
5%, 2.06+0.05 vs. control, 2.09+0.07; relative wt; 5%, 0.56+0.07 vs. control, 0.52+0.07;
P<0.05) in males, and decreases of absolute kidney weight (absolute wt; 5%, 1.57+£0.16
vs. control, 1.71£0.41; relative wt; 5%, 0.68+0.12 vs. control, 0.70£0.20; P<0.05) in
females were observed in the 5% group, but there were no remarkable histopathological
changes. A variety of tumors developed in all groups, including the controls, but all were
histologically similar to those known to occur spontaneously in F344 rats. No statistically
significant increase in the incidence of any type of neoplastic lesion was found for either
sex in the treated groups. Thus, it was concluded that, under the present experimental
conditions, D-xylose was not carcinogenic to F344 rats.

Although no data are available on mutagenicity of D-xylose, lack of mutagenic or
antimutagenic activity of Maillard reaction products prepared with xylose and amino
acids in the Ames test has been reported (Yen et al., 1992).

[11.C.2.3. Preclinical studies of Xylan, a related compound

Several beneficial effects associated with xylans have been reported by many authors.
For instance, inhibitory action on mutagenicity activity and heating seems to increase
the detoxification ability of dietary fibers, antiphlogistic effects, and both mitogenic and
comitogenic activities (Ebringerova and Hromadkova, 1997; Oliveira, 2009). No adverse
effects were reported from any studies on xylan.

Fleming and Lee (1983) compared the effects of select purified fibers to those derived
from cereals or legume seeds in a 9 wk rat study. Most diets were designed to contain
approximately 10% dietary fiber and 10% protein. Cellulose, xylan, and raffinose had no
influence on feed intake, weight gains, or feed efficiency ratios (FERs). No adverse
effects of xylan were noted.
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Jiang et al. (1986) determined the effects of purified cellulose and xylan on the apparent
absorption and tissue concentration of zinc and copper in a 25 wk study with male
weanling SD rats. The control group was fed a fiber-free diet and six other groups were
fed a diet containing 3, 6, or 12% cellulose or xylan. After 26 wk of consuming the test
diets, there were no significant differences between groups in regard to weight gain,
feed intake, or feed efficiency. The average amounts of ingested cellulose and xylan
that survived the passage of the intestinal tract were 86 and 18%, respectively. In
contrast to cellulose, which significantly lowered apparent absorption of both zinc and
copper, xylan did not exert a significant influence on apparent absorption and tissue
concentrations of the minerals.

[11.C.2.4. Human clinical trials

As shown in Table 12, human clinical studies reported beneficial effects with no adverse
effects of XOS. The majority of studies on XOS were conducted in healthy adults, and
typical intakes of XOS were between 1 and 10 g/person/d for periods of up to 3 wk.
Intakes of XOS (5.5-10 g/d) were reported to be well tolerated without adverse events
for durations of up to 8 wk (Chung et al., 2007; lino et al., 1997; Kobayashi et al., 1991;
Okazaki et al., 1990; Oku et al., 2002; Sheu et al., 2008; Tateyama et al., 2005). These
dosages are comparable to the estimated XOS exposure under the proposed uses.

A sufficiently high, regular ingestion of XOS may cause diarrhea due to osmogenic
retention of fluid in both the small and large intestines. This outcome disappears within
a few days. Xylooligosaccharide intake has been found highly effective for the reduction
of severe constipation in pregnant women without adverse effects (Tateyama et al.,
2005). In addition, related compounds such as xylose, xylan, and fibers containing a
xylose backbone were found to be safe (Cho et al., 2001; Cho and Clark, 2001; Cho et
al., 2004; Holma et al., 2010; Marteau et al., 1994).
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Table 12. Human clinical studies showing no adverse effects of XOS

December, 2010

Subject Daily dosage, | Duration, Measurement endpoints Reference
g wk
Elderly men | 4 3 Serum hematological and Chung et al.,
and women biochemical variables, fecal 2007
microflora including bifidobacteria,
fecal pH/moisture, and stool
consistency
Men 0.4 2-4 wk Stool consistency lino et al.,
1997
Healthy 2-10 single dose | Fecal microflora including Kobayashi et
women bifidobacteria, fecal moisture, and | al., 1991
stool consistency
Healthy 1-2 3 Fecal microflora including Okazaki et al.,
men bifidobacteria 1990
Healthy 0.12 g/kg BW | single dose | Gastrointestinal tolerance Oku et al.,
men 2002
Type 2 4 8 Blood sugar and lipid profiles Sheu et al.,
diabetics 2008
Constipated | 4.2 4 Stool consistency Tateyama et
pregnant al., 2005
women

Comparison with GOS and other oligosaccharides

The majority of studies on GOS were conducted in healthy adults, and typical intakes of
GOS were between 5 to 15 g/person/d for periods of between 1 to 3 wk. In three studies,
intakes of GOS between 5.5 to 10 g were reported to be well tolerated without adverse
events for durations of between 1 and 2.5 mo (Ito et al., 1990; Shadid et al., 2007,
Vulevic et al., 2008). Among the studies that included tolerance endpoints, side-effects
were limited to reports of flatulence when GOS was consumed on a repeat basis in
quantities of between 10 and 15 g (Alles et al., 1999; Deguchi et al., 1997; Ito et al.,
1990; Teuri et al., 1998). However, this effect was not consistently reported in all studies
at these intakes (Bouhnik et al., 2004, 2007; Shadid et al., 2007; Teuri and Korpela,
1998). Similar observations of increased flatulence have been reported following the
consumption of FOS (15 g) over a 7 d period (Alles et al., 1996) These gastrointestinal
effects are expected in association with the consumption of indigestible carbohydrates

in large quantities.

[11.C.2.4.1. XOS and intestinal health

Like other fiber ingredients, XOS is known to maintain fecal water content within the
normal range and to relieve constipation as well as diarrhea without having side effects.
No adverse effects were reported related to the consumption of XOS at the daily
dosage of 0.4-10 g (Chung et al., 2007; lino et al., 1997; Kobayashi et al., 1991;
Okazaki et al., 1990).
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Tateyama et al. (2005) reported that administration of 4.2 g XOS daily for 4 wk
increased the stool frequencies (1.1+0.4/wk in the pre-treatment wk, and increased to
6.71+1.9/wk after 4 wk administration of XOS) in 30 constipated pregnant women. At the
end of the study, 27 subjects could defecate spontaneously. The occurrence of very
loose or very hard stools decreased and the stool consistency normalized.

Kobayashi et al. (1991) reported reduction of diarrhea with dosages of 2-10 g XOS/d.

Prebiotic effects of XOS were demonstrated in healthy men and elderly subjects. Chung
et al. (2007) reported that supplementation of 4 g XOS/d for 3 wk increased the
population of bifidobacteria and fecal moisture and decreased fecal pH. XOS
supplementation had no effects on serum hematological and biochemical variables
(Chung et al., 2007).

Administration of 1-2 g XOS daily for 3 wk increased the percentage of bifidobacteria
relative to the total intestinal microflora in healthy men (Okazaki et al., 1990). No
adverse effects were reported.

[11.C.2.4.2. XOS and metabolic syndrome

Sheu et al. (2008) reported that dietary supplementation with 4 g XOS/d for 8 wk was
effective in improving blood sugar (glucose, HbA1c, and fructosamine) and lipid (total
cholesterol, low density lipoprotein [LDL] cholesterol, oxidized LDL, and apolipoprotein
B) profiles in type 2 diabetes. However, Chung et al. (2007) reported no changes in
blood lipid profiles. No adverse effects were reported in these studies.

[11.C.2.5. Safety of Xylan and xylose-containing fiber in humans

Marthinsen and Fleming (1982) evaluated the abilities of dietary fibers to promote
excretion of intestinal fermentation gases in five healthy men. Responses to feeding
xylan, pectin, cellulose, and corn bran (0.5 g/kg BW/d) were compared to a fiber-free
diet. The pectin- and xylan-containing diets generally resulted in more gas than did the
cellulose- or corn bran-containing diets, indicating that xylan and pectin are more
fermentable fibers than cellulose.

In addition, other fiber ingredients based on xylose backbones, such as wheat bran, rice
bran, and psyllium, are known for their fecal bulking effects and gastrointestinal
regularity improvement (Cho et al., 2001; Cho and Clark, 2001; Cho et al., 2004; Holma
et al., 2010; Marteau et al., 1994) without having negative effects on mineral
bioavailability (Cho et al., 2001b). These fibers are fermented by intestinal microflora to
produce SCFAs that improve colonic health. However, fermentation in the large
intestine can result in a minor side effect such as the formation of gases (including
hydrogen, carbon dioxide and methane), which is often associated with flatulence and
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intestinal discomfort. Intestinal discomfort can be a transient symptom since the human
body is able to adapt to higher intakes of dietary fiber.

[11.C.3. Allergy
No case report of allergy to XOS was identified in the literature.

l11.C.4. Information pertaining to the safety of the bacterial enzymes

Xylanase from Streptomyces olivaceoviridis has been widely used in the manufacture of
XOS in the food industry (Ai et al., 2005; Jiang et al., 2005, 2006). The manufacture of
XOS involves a number of extensive purification steps (such as the activated carbon
filtration, ion-exchange, and chromatography separation stages) where potential
metabolic impurities produced during fermentation are expected to be removed.
Additional unpublished safety studies supporting the fact that the xylanase is obtained
from a non-pathogenic, non-toxigenic microorganism were provided by SD Longlive,
and are presented as additional corroborating safety data (Appendix).

In addition, a xylanase preparation from another microorganism (expressed in a self-
cloned strain of Bacillus subtilis) has been proven safe for food processing as
demonstrated in acute and subchronic oral toxicity studies in rats, mutagenicity, and
chromosomal aberrations assays (Harbak and Thygesen, 2002).

V. Conclusions

Documentation qualifying a substance as GRAS has been compiled where such
documentation includes technical evidence and common knowledge of safety under the
conditions of intended use, as recognized by qualified experts (the Expert Panel).
Technical evidence of safety includes the chemical identity of the substance, the
method of manufacture, analytical data on composition and specifications, estimates of
dietary exposure, safety data from animal and human clinical studies, and nutritional
benefits from animal and human clinical studies.

The information/data provided by SD Longlive in this report and supplemented by the
publicly available toxicity data on XOS provide a sufficient basis for an assessment of
the safety of XOS for the proposed use as an ingredient in food, when prepared
according to appropriate specifications and used according to GMP. Key findings are
summarized here:
1. XOS is well characterized and of consistent quality across lots and free from
chemical and microbial contamination.
2. XOS has a long history of use in foods and beverages in the U.S.
3. The XOS manufacturing process has been safely used for many years in the
food industry.
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4. The safety and nutritional benefits of XOS are well established by human clinical
trials and animal studies of XOS. There are no indications of significant adverse
effects related to XOS consumption in the publicly available literature at the
proposed use levels.

5. Increased consumption of dietary fiber has been recommended by the USDA
Dietary Guidelines Committee and IOM.

6. Intended use of XOS as part of the proposed food use results in levels of
exposure significantly below those associated with any adverse effects and
provides a reasonable certainty of safety.

Therefore, not only is the proposed use of XOS safe within the terms of the Federal
Food, Drug, and Cosmetic Act (meeting the standard of reasonable certainty of no

harm), but because of this consensus among experts, it is also Generally Recognized
as Safe (GRAS).

V. Discussion of information inconsistent with GRAS determination

We are not aware of information that would be inconsistent with a finding that the
proposed use of XOS preparations in foods and beverages, meeting appropriate
specifications and used according to GMP, is GRAS.
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No. 20100126

CERTIFICATE OF ANALYSIS

e A VEiA = XYLO-OLIGOSACCHARIDE it

Product & XOS95P (95% POWDER of XOS) | Lot NO. : 20100126

model:

Aert P EEE @ i

Produce date: Jan 26, 2010 Expiry date : 24 months

Result of Inspection:

Test item Specification Test Result

YR F= HE slNERRN
White or yellowish powder, sweet, .

Appearance no peculiar smell :sllpoevzlzljl?afzmde(lelr, sweet,

Y oIS R AR R, , L s "

pH

i Tk 3.0-6.0 3.85

Ash Not more than 0.3% 0.22

IRy <0.3% '

Protein . .

T Negative Negative

Lipid . .

T Negative Negative

Moisture Not more than 5.0% o

K5y <5.0% 2.14%

XOS,.7 contents | Not less than 95 g/100 g

IR ARGl | 2059100 g 96.719/100 g

X0OS;.4contents | Not less than 65 g/100g

KB AMG | 2659100 g 78.28 g/100 g
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Lead

Not more than 0.5 mg/kg

e <0.5 mg/kg <0.5 mglkg
Arsenic Not more than 0.3 mg/kg

i <0.3 mg/kg <0.3 mg/kg
Copper Not more than 5 mg/kg

o PP <5 mg/kg <5 mg/kg
Coliform

Bacteria l<\l?())(t) Tﬂgrs/ﬁh;g 30 MPN/100 g <30 MPN/100 g
j(ﬁ%f%ﬁé’i B 0

Total plate Not more than 1000cfu/g

count <1000 cfu/ 20 cfulg
LA = ¢

Mold Not more than 25 cfu/g 5 ofu/
<25cfulg 9
Yeast Not more than 25 cfu/g 5 cfu/

W% B bR <25 cfulg 9
Pathogen Negative Negative
U NS RS
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Components of 95P XOS

Experimental Methods: HPLC
Calculation Methods: Peak Area External Standard Calibration

95P 20100126

22
21
20
19
15
17
16
15
14
13

12

Eqq

%m—

3]

!
= R X R S = R

Peak 5niseewed Peak height Peak area %7?8%”;
X7 10.642 3019.579 194382.3 8.1
X6 10.968 4065.387 70561.24 2.94
X5 11.362 6121.361 177393.5 7.39
X4 11.917 11666.73 395890.3 16.49
X3 12.638 21250.52 761325.3 31.71
X2 13.658 19916.04 730009.1 30.08
Totally 96.71
Glucose 13.658 740.056 9626.108 0.4
Xylose and 45 5q4 1142.755 65850.21 2.92
Arabinose

Opinion of the analyst:

Representative samples were inspected and found in conformity with the required
specifications

Annotations:

1. If there are any doubts about the results, please inform us for re-test in a month. The
sample for re-test shall be the original one.

2. This report should not be used for advertisement and propaganda.

Analyst Corrector: Approver:
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] & PR 2 I R

Shandong Longlive Bio-
Technology Co., Ltd.

£ EB& - b

Adds: High-Technology

Development

Zone of Yucheng, Shandong,

China

Tel: 0086-532-85769015
Fax: 0086-532-85762209

December, 2010

No. 20100412

CERTIFICATE OF ANALYSIS

i S XYLO-OLIGOSACCHARIDE ft7=
Product & XOS95P (95% POWDER of XOS) Lot NO. : 20100412
model:
AR PTEA Hd
Produce date: Apr 12,2010 Expiry date : 24 months
Result of Inspection:
Test Item Specification Test result
P =t N
White or yellowish powder, sweet, .
Appearance no peculiar smell :?Logcv:ﬁ?afzmﬁr’ sweet,
RE PO B R R, Wl R o WA =
i~ W2 R R, BREE, BRI

pH
i T 3.0-6.0 4.08
Ash Not more than 0.3% o
K5 <0.3% 0.16%
Moisture Not more than 5.0% o
Koy <5.0% 2.25%
Protei
ééﬁ? Negative Negative

FJ‘
HL;.Q%S Negative Negative
XOS,.
conte2n7ts Not less than 95 g/100 g 95.22 g/100 g
(15 35 AW 2 295 g/100 g
XOS,.
A Ontezr;‘ts Not less than 65 g/100 g 73.78 g/100 g
(15 35 AW 2 265 g/100 g
Lead Not more than 0.5 mg/kg
Sl <0.5 mg/kg <0.5mglkg
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Arsenic

Not more than 0.3 mg/kg

fif <0.3 mg/kg <0.3 mglkg
Copper Not more than5 mg/kg

i <5 mg/kg <5 mglkg
Coliform

Bacteria ot more than 30 MPNI00 g <30 MPN/100 g
PN = ¢

Total plate Not more than 1000 cfu/g

count <1000 cfu/ 5 cfu/g

T L = ¢

Mold Not more than 25 cfu/g

B <25 cfulg 5 ciulg
Yeast Not more than 25cfu/g

ANaTs] <25cfu/g S cfulg
Pathogen Negative Negative
FUH S AAE
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Components of 95P XOS
Experimental Methods: HPLC

Calculation Methods: Peak Area External Standard Calibration

95P 20100412

December, 2010

HIE (o)
@@ 8 8%

“
)— Ee]

] 10
B8] mind

Peak ii?ne;erved Peak height Peak area g%n Et)eon;s)
X7 10.658 3159.42 208550.3 8.7
X6 10.962 4563.52 128823 5.37
X5 11.345 7922.64 176628.6 7.37
X4 11.83 16683.8 403890.4 16.85
X3 12.5 29781.02 720244.8 30.04
X2 13.472 30040.33 651690.6 26.89
Totally 95.22
Glucose 14.503 382.667 6043.588 0.25
Xylose 15.025 2033.837 11260.01 0.5
Arabinose 15.607 791.026 7164.664 0.32

Opinion of the analyst:
Representative samples were inspected and found in conformity with the required

specifications.
Annotations:

1. If there is any doubt about the results, please inform us for re-test in a month. The
sample for re-test shall be the original one.
2. This report should not be used for advertisement and propaganda.

Analyst

Corrector:
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Lt 1 PRI E L )

Shandong Longlive Bio-
Technology Co., Ltd.

1 B i 1)

Adds: High-Technology

Development

Zone of Yucheng, Shandong,

China

Tel: 0086-532-85769015
Fax: 0086-532-85762209

December, 2010

No. 20100413

CERTIFICATE OF ANALYSIS

s M XYLO-OLIGOSACCHARIDE L5
Product & XOS95P(95% POWDER of XOS) Lot NO. : 20100413
model:
GER b AR
Produce date: Apr 13, 2010 Expiry date : 24 months
Result of Inspection:
Test Item Specification Test Result
e o RNE
White or yellowish powder, sweet, .
Appearance no peculiar smell :sl:)ogrzljlri]a?cs)vn\{nde(lalr’ sweet,
ﬁ‘,_._, r E\IH Tl 5 NI7AN , i} , [=A e "
RE ;@jz IR, KA L WAS B R, BREE Sk
pH
A Tk e 3.0-6.0 3.92
Ash Not more than 0.3% o
Koy <0.3% 0.14%
Moisture Not more than 5.0% o
K5 <5.0% 2.647%
Protein . .
i ’77 Negative Negative
Lipid . :
rEr Negative Negative
XOS,.7
contents L\lg; I?;sg(;than 959/100 ¢ 95.26 g/100 g
AR | TS
XOS;.4
contents L\lgé Ie/s%sb’ghan 659/100 g 74.57 g/100 g
I IN o e
Lead Not more than 0.5 mg/kg
e <0.5 mg/kg <0.5 mglkg
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Arsenic

Not more than 0.3 mg/kg

fif <0.3 mg/kg <0.3mgkg
Copper Not more than 5 mg/kg

i <5 mg/kg <5 mglkg
Coliform

bacteria ot more than 30 MPNI00 g <30 MPN/100 g
PN = g

Total plate Not more than 1000 cfu/g

count <1000 cfu/ 35 cfu/g
T L = ¢

Mold Not more than 25 cfu/g

B <25 cfulg 20 cfulg
Yeast Not more than 25 cfu/g

ANaTs] <25 cfu/g S cfulg
Pathogen Negative Negative
FUH S AAE
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Components of 95P XOS

Experimental Methods: HPLC

Calculation Methods: Peak Area External Standard Calibration

95P 20100413

December, 2010

ik (iw)
4oa s s

=17460

a 10
BATE] (min)

Peak :i?rizerved Peak height Peak area %7?8%”5
X7 10.678 3358.089 225208.6 8.87
X6 10.982 4920.664 107075.9 4.22
X5 11.358 8178.531 192948.3 7.6
X4 11.848 16542.96 407727 .1 16.06
X3 12.522 30497.17 753425.6 29.68
X2 13.497 24974.86 739590.3 28.83
Totally 95.26
Glucose 14.495 460.284 6390.634 0.25
Xylose 15.047 1604.654 26927.66 1.13
Arabinose 15.68 592.946 9357.842 0.39

Opinion of the Analyst:
Representative samples were inspected and found in conformity with the required

specifications.
Annotations:

1. If there are any doubts about the results, please inform us for re-test in a month. The
sample for re-test shall be the original one.
2. This report should not be used for advertisement and propaganda.

Analyst

Corrector:
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APPENDIX: DETAILED RESULTS OF TOXICITY STUDIES

Acute toxicity test in the mouse (SD Longlive, 2010):

Twenty mice weighing 18-22 g were selected, half male and half female. Stomach
perfusion was conducted twice daily with a dosage of 20 g/kg BW. Observed 14 d and
recorded the toxic actions and death of mice. Grade || Kunming mice (Qualified
Certificate: MANO: 01-3001) and Grade Il Wistar rats (Qualified Certificate: MANO:01-
3008). Both were provided by the Laboratory Animal Breeding Plant, Laboratory Animal
Research Institute, Chinese Academy of Medical Sciences. After the testing material
was given by gastric perfusion, there was no obvious toxicity symptoms in both male
and female mice and no death of animals in 14 d (Table A1). So, the acute toxicity LDsg
of testing material in both male and female mice was greater than 20 g/kg BW.

Table A1. Results of acute toxicity studies in mice

Animal species Sex Route LD 50 (g/kg BW)
Mice Male Oral >20
Mice Female Oral >20

Subacute Toxicity of XOS in Rats (Park et al., 2000)
As shown in Table A2, no treatment-related changes in BWs were noted during the
treatment period.

Table A2. Body weights (g) in male and female rats treated orally with XOS?®

Gender | Male Female
Dose, 0 333 1000 3000 0 333 1000 3000
mg/kg
0d 1327+ | 1332+ | 1354+ | 1345+ | 1107+ | 1121+ | 1114 | 1116+
9.2 9.2 10.1 8.8 6.4 8.1 +7.0 7.0
28 3532+ | 3553+ | 3504+ | 351.0+ | 2171+ | 211.7+ | 2119+ | 2156+
29.2 21.9 17.9 22.0 18.7 18.4 17 .4 17.3
56 456.8+ | 4532+ | 4601+ | 451.0+ | 262.0+ | 252.7+ | 2531+ | 2576
44.2 29.3 30.8 29.3 19.3 26.5 19.8 224
89 5119+ | 5026+ | 508.3+ | 5101+ | 287.5+ | 2771+ | 2766+ | 2796 +
49.7 36.8 46.1 35.3 22.8 26.6 17.3 21.0
118 531.3 + NM NM 550.7 + | 292.4 + NM NM 294.7 +
56.4 52.3 9.6 16.9

From Park et al., 2000; NM=not measured.
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Table A3. Food consumption by male and female rats treated orally with XOS (daily
food intakes in the XOS-treated groups of both sexes were not significantly different
from the control groups except transient changes noted on day 1 in males.)

Gender | Male Female
Dose, 0 333 1000 3000 0 333 1000 3000
mg/kg
1d 26.0 + 251+ |246+ 24.7 + 19.8 + 19.6 + 216 + 20.0 +
1.0 0.8 1.2** 1.0** 2.3 1.5 1.9 1.6
29 341+ 331+ 315+ 329+ 226 + 210+ 224+ | 215+
3.3 2.8 1.1 2.0 2.6 2.4 1.6 2.0
57 321+ 320+ 319+ 31.0+ 22.3 21.3 + 22.7 + 22.2 +
3.3 1.9 1.5 2.2 1.7 1.5 0.8 1.9
a0 319+ 325+ 319+ 30.7 £ 216+ 205+ 205+ 18.6 £
2.6 2.6 2.8 3.1 2.3 1.5 55 3.2
119 30.8 + NM NM 319+ 20.9 + NM NM 20.7
2.4 1.9 14 1.7

From Park et al., 2000; ** Significantly different from control (p<0.01); NM=not measured.

Hematological values

As shown in Table A4, no treatment-related changes in hematological values were

noted during the treatment period. In males at 4 wk recovery, significant decreases (P <
0.05 or 0.01) in WBC, RBC, HCT, MCHC, and lymphocyte values were observed in the
3,000 mg/kg group. However, all the hematological values were within the
physiologically normal ranges.
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Table A4a. Hematological values in male rats treated orally with XOS at 13 wk

ltem Dose, mg/kg

0 333 1,000 3,000
WBC, 10°/ul 13.73+2.8 11.56 + 4.2 13.31+4.4 12.31+2.6
RBC, 10°/ul 8.22+0.3 8.33+0.3 8.25+0.5 8.22+0.3
HGB, 10°/l 15.6 +0.4 15.8+0.3 155+ 0.7 15.6+ 0.6
HCT, % 452 +1.5 457+ 1.4 452+ 2.0 45.3+1.8
MCV, fl 55.0+1.5 54.9+1.1 549+1.9 55.0+1.3
MCH, pg 18.9+0.7 18.9+04 18.8+0.7 19.0+04
MCHC, g/ul 34.4+0.5 345+04 34.3+04 345+04
PLT, 10°/ul 1034 + 84.0 959 +55.4 1004 + 100.1 1014 + 55.2
Neutrophil, 10%/ul 1.73+0.8 146 £ 0.6 235+1.9 144 £ 0.6
Eosinophil, 10°/ul 0.11+0.11 0.13+0.1 0.1+01 0.09+0.1
Basophil, 10°/ul 0.0+£0.0 0.0+ 0.0 0.0+0.0 0.0+£0.0
Lygnphocyte, 11.85+29 9.94+4.0 10.84 £4.2 10.74 £ 2.6
10°/ul
Monocyte, 10°/ul 0.05+0.1 0.03+0.1 0.03+£0.1 0.04 £ 0.1

From Park et al. (2000); *Significantly different from control (p<0.05); **Significantly different
from control (p<0.01); HGB=hemoglobin; MCV= mean corpuscular volume; PLT=platelets.

Table A4b. Hematological values in female rats treated orally with XOS at 13 wk

Item Dose, mg/kg

0 333 1,000 3,000
WBC, 10°/ul 771124 7.76 £3.0 6.52 +1.7 6.5+1.3
RBC, 10°%ul 7.38+£0.6 761+£04 7.81+£0.3 7.59+0.3
HGB, 10°/ul 146 +1.1 14.6 £ 0.6 15.1+£0.5 15.1+£0.5
HCT, % 425+29 427120 44.3+1.8 43.6+1.5
MCV, fl 57.6+1.8 56.1+1.0 56.8 +1.4 57.5+1.5
MCH, pg 19.8£0.5 19.2 £ 0.4 19.4+£0.5 19.8£0.5
MCHC, g/ul 34.3+£0.5 34.2+0.3 342+04 34.5+£0.2
PLT, 10°/ul 9641 +84.4 9461 £ 15.3 942 +71.3 930 + 79.7
Neutrophil, 10%/ul 0.98+0.4 1.15+£0.6 0.66 £ 0.3 0.75+0.2
Eosinophil, 10°/ul 0.04 £ 0.1 0.06 £ 0.1 0.05+0.1 0.04 £ 0.1
Basophil, 10°/ul 0.0+£0.0 0.0+£0.0 0.0£0.0 0.0+£0.0
Lygnphocyte, 6.67 £2.2 6.55+£2.5 581+£1.8 569+1.3
10°/pl
Monocyte, 10%/ul 0.01+£0.0 0.01+£0.0 0.0+£0.0 0.01+£0.0

From Park et al. (2000); *Significantly different from control (p<0.05); **Significantly different
from control (p<0.01); HGB=hemoglobin; MCV= mean corpuscular volume; PLT=platelets.
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Table A4c. Hematological values in male and female rats treated orally with XOS at 4

wk of recovery

Males Females
Dose, mg/kg; 0 3000 0 3000
ltem
WBC, 10°/ul 12.27 £ 2.7 9.22 + 2.4 7614 8.11+23
RBC, 10°%ul 845+04 8.01 £0.3* 7.74+0.3 7.84 +£0.3
HGB, 10°/ul 154+ 0.7 149 0.7 15.1+0.6 154 +0.5
HCT, % 455+ 2.0 436 £ 1.7 440+ 1.6 448 +1.2
MCV, fl 539+1.2 545+14 56.9+1.5 57.2+0.6
MCH, pg 18.2+0.5 18.6 + 0.6 19.5+0.6 19604
MCHC, g/ul 33.8+0.2 34.2+04* 34.2+0.3 344+04
PLT, 10°/ul 984 + 65.6 1028 + 87.5 893+714 913 + 68.6
Neutrophil, 10%/ul 1.64 + 1.1 1.19+04 0.77+0.5 0.75+0.3
Eosinophil, 10°/ul 0.14 £ 0.1 0.1+£01 0.09 + 0.1 0.10+ 0.1
Basophil, 10°/pl 0.0+£0.0 0.0£0.0 0.0£0.0 0.0+£0.0
Lygnphocyte, 1049+ 2.7 7.92 + 2.6* 6.7+1.4 7.27 £2.2
107/l
Monocyte, 10°/ul 0.0 0.0 0.01+£0.0 0.0+£0.0 0.0£0.0

From Park et al. (2000); *Significantly different from control (p<0.05); **Significantly different
from control (p<0.01); HGB=hemoglobin; MCV= mean corpuscular volume; PLT=platelets.

Serum biochemistry

Serum analysis showed no treatment-related changes in serum metabolite

concentrations such as AST, ALT, ALP, BUN, creatine (CREA), glucose, total
cholesterol (T-C), total bilirubin (T-BIL), TP, ALB, A/G ratio, CPK, TG, CA, IP, Na, K,
and ClI during the treatment period (Table A5). The only exception was PL-E
concentration noted in the 1,000 mg/kg group in males at 13 wk, but it was not
considered as a treatment related change.
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Table A5. Serum metabolite concentrations in male and female rats treated orally with
XOS* At 16 wk

ltem Dose, mg/kg
Male Female

0 333 1,000 3,000 0 333 1,000 3,000
AST, 120.7 £ 110.7 £ 120.1 113.0 1255+ 1172 + 100.6 £ 100.0 £
IU/L 28.3 244 38.0 22.6 17.3 29.1 21.7 17.7
ALT, 42.0 472 +6.7 | 45.0+7.5 | 48.0+ 39.8 416+ 29.8 + 326+
IU/L 6.5 7.5 9.6 171 2.8 7.0
ALP, 173.5 195.8 + 169.8 + 185.8 £ 826+ 96.1 874 + 107.2 +
IU/L 35.1 13.6 29.1 41.1 18.1 19.7 20.4 26.5
BUN, 15.1 % 16.2+17 | 154+25| 154 + 17.8 + 18.2 16.2 + 172
mg/dl 0.9 1.7 3.0 3.7 2.9 2.1
CREA, 051+ 0.55+0.1{050+0.1 048 0.53 ¢ 0.50 + 05+0.1 | 054+
mg/Id 0.1 0.1 0.1 0.1 0.1
GLU, 1222 + 129.6 £ 124.8 + 1411+ 1176 £ 1105+ 1134 % 118.0 £
mg/dl 12.8 13.8 18.4 24.8 12.9 14.6 20.5 6.7
T-C, 943+ 943 1 781+ 88.0 + 89.2 + 78.7 710 % 81.1¢
mg/dl 23.5 16.3 14.1 16.7 10.5 18.4 16.0 11.1
T-BIL, 0.10 % 0.09+0.0 | 0.09+0.0 | 0.09 + 011+ 01+04 |011¢ 0.12
mg/dl 0.0 0.0 0.0 0.0 0.0
TP, g/dl 6.27 + 6.43+0.3|6.12+0.6 | 6.39+ 6.29 £ 6.10 + 5.84 + 6.12 +

0.3 0.3 0.5 04 0.7 0.3
ALB, g/dl | 4.34 + 442+02|424+03 | 444+ 4,65+ 4.54 + 444 + 4,56 +

0.2 0.1 0.3 0.3 0.5 0.1
A/Gratio | 2.26 + 222+02|233+04 | 232+ 2.96 2.97 3.27 2,95+

0.2 0.3 0.6 0.5 0.5 0.3
CPK, 3348 + 2404 + 3011+ 2457 3404 + 262.0 £ 2379 + 222.7
IU/L 170.8 134.4 197.8 92.6 106.0 110.6 103.4 88.6
TG, 1158 + 1004 + 82,6 + 100.0 £ 549+ 47.2 + 445 + 520+
mg/dI 48.1 19.6 25.0 34.5 20.8 27.8 27.7 14.9
CA, 10.18 £ 10.33+0.4 | 10.21£1.1 | 10.54 £ 10.33 10.11% 9.72 10.38 +
mg/dl 0.5 0.5 0.8 0.7 1.5 0.7
IP, mg/dl | 7.14 7.08+08|714+11|7.36 6.42 + 65+1.1 | 6.31% 6.42 +

0.8 1.0 1.3 1.4 1.6
PL-E, 148.6 + 1458 + 123.8 + 1394 + 174.7 156.4 + 145.0 £ 163.2 +
mg/dl 28.1 19.5 13.2* 16.2 13.1 32.1 27.5 16.4
Na, 1444 + 1444 + 143.8 £ 143.1 ¢ 148.1 £ 1442 + 1476 + 143.6 £
mmol/I 0.8 1.2 2.8 2.1 10.5 2.2 7.5 4.8
K, mmol/l | 4.95 + 479+0.3| 549+ 549 + 5.03 4,67 + 523+ 451+

0.3 1.21 1.2 0.7 0.3 1.1 0.5
Cl, 1076 £ 108.0 £ 108.1 £ 107.0 £ 1123 1 109.8 £ 1122 108.7 £
mmol/I 0.8 1.2 2.4 2.3 9.8 3.29 6.2 4.7

From Park et al., 2000.
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Table A6. Serum metabolite concentrations in male and female rats treated orally with
XOS' At 4 wk of recovery

ltem Dose, mg/kg
Male Female

0 3,000 0 3,000
AST, IU/L 116.9 + 19.5 129.3 + 30.5 122.9 + 37.3 126.2 +21.8
ALT, IU/L 479+ 7.7 48.5+6.6 35.5+53 39.8+12.3
ALP, IU/L 170.2 + 35.3 159.1 £ 17.5 744 +16.0 80.7 + 18.1
BUN, mg/dl 16.2+ 1.5 176+ 2.0 21.0+ 3.5 20.2+2.5
CREA, mg/ld 0.60+0.1 0.56 £ 0.1 0.68 +0.0 0.66 + 0.1
GLU, mg/dl 127.4 + 10.8 134.6 + 11.5 150.2 + 26.9 138.4+19.3
T-CHO, mg/dl 88.2+13.2 955+13.9 98.2+15.0 89.3+19.1
T-BIL, mg/dl 0.10+£0.0 0.1+0.0 0.12+0.0 0.12+0.0
TP, g/di 6.37 £ 0.3 6.34+04 6.81 +£0.3 6.63+0.5
ALB, g/di 425+0.1 419+0.2 4.80+0.2 4.76+£0.3
A/G ratio 2.03+0.2 1.96 £0.2 2.40+0.2 2.56+0.2
CPK, IU/L 267.4 £ 138.2 340.8 £ 1721 309.5+176.5 313.1£133.7
TG, mg/dl 96.53+ 0.4 125.1 £49.3 53.6 +24.6 52.0 +21.3
CA, mg/di 10.60 £ 0.3 10.63+04 11.24 £ 0.5 11.37 £ 0.8
IP, mg/dl 6.78 £ 0.7 6.60 + 0.6 6.97 £+ 0.9 7.31+1.1
PL-E, mg/dl 133.3 +15.5 143.2 +21.1 180.8 + 23.3 167.3 £ 25.2
Na, mmol/l 143.6 £+ 2.6 144.0+14 143.8+1.3 1441+ 2.0
K, mmol/l 544 +1.6 542 +1.1 484 +0.9 527+1.0
Cl, mmol/l 107.2+1.6 107.5+1.9 106.6 + 1.5 106.9 + 1.1

From Park et al., 2000. *Significantly different from control (p<0.05).

Gross findings in male and female rats treated orally with XOS?

No abnormalities were observed in brain, hypophysis, adrenal gland, liver, spleen,
kidney, heart, testis, ovary, prostate/uterus, lung, thymus, thyroid gland, salivary gland,
urinary bladder, seminal vesicle, epididymis, preputial gland, pancreas, skin, stomach,
duodenum, jejunum, ileum, cecum, colon, rectum, artery, cervical spinal cord, lumbar
spinal cord, tongue, trachea, esophagus, sciatic nerve, muscle, femur, sternum, eyes,
harderian gland, mesenteric lymph node, submandibular lymph node, or abdominal
cavity (Table A7).
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Table A7a. Absolute and relative organ weights in male rats treated orally with XOS at

13 wk?

Dose, mg/kg 0 333 1,000 3,000
Brain, g 2.076 + 0.066 2.068 + 0.141 2.014 + 0.062 2.010 + 0.066
Rel.wt., %"° 427 £0.045 0.435 +0.034 0.424 + 0.034 0.425 + 0.026
Hypophysis, g 0.013 £ 0.003 0.014 + 0.003 0.013 £ 0.002 0.013 £ 0.002
Rel.wt., % 0.003 + 0.001 0.003 + 0.001 0.003 + 0.001 0.003 + 0.001
Adrenal gland-left, g 0.033 + 0.007 0.030 + 0.004 0.030 + 0.004 0.029 + 0.007
Rel.wt., % 0.007 + 0.002 0.006 + 0.001 0.006 + 0.001 0.006 + 0.001
Adrenal gland-right,g | 0.030 + 0.003 0.029 + 0.003 0.029 + 0.005 0.032 + 0.007
Rel.wt., % 0.006 + 0.000 0.006 + 0.001 0.006 + 0.001 0.007 + 0.001
Adrenal gland-total, g | 0.063 + 0.008 0.059 + 0.006 0.059 + 0.007 0.061 + 0.007
Rel.wt., % 0.013 + 0.002 0.013 + 0.001 0.012 + 0.002 0.013 £ 0.001
Liver, g 13.158 + 1.492 | 12.322+1.207 | 12.429+1.786 | 12.135+ 0.814
Rel.wt., % 2.678 £ 0.110 2.584 + 0.154 2.590 + 0.176 2.562 + 0.112
Spleen, g 0.758 + 0.073 0.709 + 0.070 0.750 £ 0.129 0.674 + 0.126
Rel.wt., % 0.155 £ 0.010 0.150 + 0.018 0.158 + 0.027 0.142 + 0.024
Kidney-left, g 1.485 + 0.190 1.422 + 0.150 1.447 + 0.167 1.466 + 0.159
Rel.wt., % 0.303 + 0.033 0.298 + 0.018 0.302 + 0.018 0.309 + 0.028
Kidney-right, g 1.498 £ 0.153 1.449 £ 0.153 1.451 £ 0.166 1.426 £ 0.127
Rel.wt., % 0.306 + 0.029 0.304 + 0.018 0.303 + 0.015 0.301 + 0.020
Kidney-total, g 2.984 + 0.338 2.871 +0.297 2.897 + 0.329 2.892 + 0.282
Rel.wt., % 0.609 + 0.061 0.602 + 0.034 0.605 + 0.032 0.610 + 0.047
Heart, g 1.487 £ 0.120 1.371+£0.115 1.403 + 0.149 1.426 £ 0.116
Rel.wt., % 0.304 + 0.029 0.288 + 0.023 0.294 + 0.027 0.301 £ 0.014
Testis/ovary-left, g 1.715 £ 0.307 1.777 £ 0.112 1.814 £ 0.150 1.773 £ 0.169
Rel.wt., % 0.351 + 0.070 0.374 + 0.021 0.382 + 0.045 0.375 + 0.038
Testis/ovary-right, g 1.713 £ 0.354 1.765 £ 0.124 1.814 £ 0.119 1.724 £ 0.179
Rel.wt., % 0.350 + 0.077 0.371 £ 0.027 0.382 + 0.039 0.365 + 0.041
Testis/ovary-total, g 3.427 + 0.650 3.542 + 0.232 3.628 + 0.267 3.497 + 0.345
Rel.wt., % 0.702 + 0.145 0.745 + 0.048 0.764 + 0.084 0.740 + 0.079
Prostate/uterus, g 0.650 £ 0.136 0.740 £ 0.131 0.720 £ 0.109 0.705 £ 0.147
Rel.wt., % 0.135 + 0.038 0.156 + 0.030 0.151 £ 0.019 0.148 + 0.027
Lung, g 1.626 + 0.132 1.588 £ 0.139 1.597 £ 0.130 1.644 + 0.191
Rel.wt., % 0.332 + 0.013 0.334 + 0.025 0.335 +0.018 0.347 + 0.033
Thymus, g 0.446 + 0.144 0.311 £ 0.089* | 0.303 £ 0.069** | 0.331 £ 0.095*
Rel.wt., % 0.091 + 0.027 0.065 + 0.018* 0.064 + 0.015* | 0.070 £0.018
Thyroid gland-left, g 0.011 £ 0.003 0.013 £ 0.003 0.010 + 0.002 0.010 + 0.003
Rel.wt., % 0.002 + 0.001 0.003 + 0.001 0.002 + 0.001 0.002 + 0.001
Thyroid gland-right, g 0.011 + 0.003 0.012 + 0.003 0.012 + 0.003 0.012 + 0.003
Rel.wt., % 0.002 + 0.001 0.002 + 0.001 0.002 + 0.001 0.002 + 0.001
Salivary gland, g 0.762 + 0.111 0.758 + 0.058 0.734 + 0.082 0.746 + 0.062
Rel.wt., % 0.155 + 0.017 0.160 + 0.013 0.154 + 0.015 0.158 + 0.010

From Park et al., 2000; *Significantly different from control (p<0.05); **Significantly different from

control (p<0.01).
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Table A7b. Absolute and relative organ weights in female rats treated orally with XOS?

at 13 wk®

Dose, mg/kg 0 333 1,000 3,000
Brain, g 1.807 £ 0.253 1.882 + 0.081 1.823 £ 0.166 1.899 £ 0.111
Rel.wt., %"° 0.667 + 0.110 0.729 £0.059 | 0.702 + 0.078 0.732 £ 0.044
Hypophysis, g 0.014 £ 0.004 0.013 £ 0.002 0.014 £ 0.003 0.014 £ 0.002
Rel.wt., % 0.005 + 0.001 0.005 + 0.001 0.005 + 0.001 0.005 £ 0.001
Adrenal gland-left, g 0.044 + 0.008 0.038 + 0.005 0.040 + 0.005 | 0.036 + 0.006*
Rel.wt., % 0.016 + 0.002 0.015 +£ 0.002 0.015 + 0.002 0.014 £ 0.003
Adrenal gland-right, g 0.038 + 0.004 0.033 £ 0.006* | 0.038 + 0.004 0.034 + 0.004
Rel.wt., % 0.014 + 0.001 0.013+0.003 | 0.015+0.002 0.013 £ 0.002
Adrenal gland-total, g 0.083 + 0.012 0.071 £ 0.010* | 0.077 £0.008 | 0.070 + 0.009*
Rel.wt., % 0.030 + 0.003 0.027 £ 0.005 | 0.030 + 0.004 0.027 £ 0.004
Liver, g 7.017 £ 0.857 | 6.241+0.644* | 6.457 £0.426 | 6.164 + 0.397**
Rel.wt., % 2.565 £+ 0.148 2404 £0.099 | 2.482+0.164 | 2.379 £ 0.1093*
Spleen, g 0.488 + 0.055 0.458 + 0.067 | 0.420 + 0.047 0.423 + 0.071
Rel.wt., % 0.179 £ 0.018 0.178 + 0.032 0.161 £ 0.015 0.163 £ 0.022
Kidney-left, g 0.879 + 0.153 0.824 + 0.063 | 0.826 +0.095 0.811 £ 0.056
Rel.wt., % 0.320 + 0.033 0.318 £ 0.016 | 0.318 + 0.038 0.312+0.013
Kidney-right, g 0.920 + 0.206 0.829 + 0.060 0.857 £ 0.048 0.833 £ 0.085
Rel.wt., % 0.335 + 0.057 0.320 + 0.015 | 0.330 +0.020 0.321 £ 0.025
Kidney-total, g 1.799 £ 0.355 1.653 £ 0.116 1.683 £ 0.132 1.644 + 0.135
Rel.wt., % 0.655 + 0.090 0.638 £ 0.027 | 0.647 + 0.054 0.633 £ 0.035
Heart, g 0.962 + 0.106 0.882+0.065 | 0.931+0.075 0.948 + 0.091
Rel.wt., % 0.353 + 0.029 0.342 + 0.035 | 0.358 +0.033 0.365 + 0.027
Testis/ovary-left, g 0.046 + 0.013 0.045 + 0.010 0.047 + 0.008 0.047 £ 0.007
Rel.wt., % 0.017 £ 0.004 0.017 £0.003 | 0.018 + 0.003 0.018 £ 0.003
Testis/ovary-right, g 0.048 + 0.010 0.048 + 0.009 | 0.053 +0.010 0.048 + 0.007
Rel.wt., % 0.018 + 0.003 0.019+0.004 | 0.020 + 0.005 0.018 £ 0.003
Testis/ovary-total, g 0.094 £ 0.021 0.094 £ 0.015 0.100 £ 0.014 0.095 £ 0.011
Rel.wt., % 0.035 + 0.007 0.036 + 0.006 | 0.038 + 0.007 0.037 £ 0.005
Prostate/uterus, g 0.549 + 0.183 0.558 + 0.213 | 0.466 + 0.084 0.540 + 0.179
Rel.wt., % 0.201 + 0.065 0.213+0.066 | 0.180 + 0.041 0.207 + 0.062
Lung, g 1.249 + 0.138 1.118 + 0.100 1.171 £ 0.104 1.201 + 0.135
Rel.wt., % 0.458 + 0.046 0.434 £ 0.049 | 0.450 + 0.041 0.461 + 0.033
Thymus, g 0.285 + 0.062 0.267 £ 0.044 | 0.234 +0.028 0.252 + 0.043
Rel.wt., % 0.104 + 0.018 0.103 £ 0.015 | 0.090 + 0.009 0.097 + 0.015
Thyroid gland-left, g 0.009 + 0.004 0.007 + 0.003 0.008 + 0.002 0.010 £ 0.002
Rel.wt., % 0.003 + 0.001 0.003 + 0.001 0.003 + 0.001 0.004 + 0.001
Thyroid gland-right, g 0.009 + 0.003 0.009 + 0.002 0.007 + 0.002 0.009 £ 0.002
Rel.wt., % 0.003 + 0.001 0.003 + 0.001 0.003 + 0.001 0.003 + 0.001

From Park et al., 2000; *Significantly different from control (p<0.05); **Significantly different from

control (p<0.01).
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Table A7c. Absolute and relative organ weights in male and female rats treated orally
with XOS? at 4 wk of recovery®

Dose, mg/kg 0 3,000 0 3,000
Brain, g 2.115 + 0.067 2.090 + 0.058 1.908 + 0.070 1.915 + 0.070
Rel.wt., %"° 0.428 + 0.047 0.406 + 0.040 0.698 + 0.032 0.698 + 0.043
Hypophysis, g 0.013 £ 0.002 0.014 +£ 0.002 0.014 + 0.003 0.014 + 0.003
Rel.wt., % 0.003 + 0.001 0.003 + 0.001 0.005 + 0.001 0.005 + 0.001
Adrenal gland-left, g 0.033 + 0.007 0.030 + 0.003 0.033 £ 0.005 | 0.039 + 0.007*
Rel.wt., % 0.007 + 0.001 0.006 + 0.001 0.012 + 0.002 0.015 + 0.003
Adrenal gland-right, g | 0.028 + 0.007 0.026 + 0.003 0.035 + 0.004 0.038 + 0.006
Rel.wt., % 0.006 + 0.001 0.005 + 0.001 0.013 + 0.001 0.014 £ 0.002
Adrenal gland-total, g | 0.061 £ 0.012 0.057 + 0.006 0.068 + 0.006 0.077 £ 0.012
Rel.wt., % 0.012 + 0.002 0.011 + 0.002 0.025 + 0.003 0.028 + 0.005
Liver, g 13.128 £ 1.902 | 13.699 + 1.742 6.781 + 0.228 6.934 + 0.642
Rel.wt., % 2.644 + 0.127 2.634 + 0.133 2.478 + 0.075 2.520 £ 0.170
Spleen, g 0.769 £ 0.116 0.739 £ 0.105 0.446 + 0.048 0.452 + 0.041
Rel.wt., % 0.155 + 0.017 0.143 £ 0.018 0.163 + 0.016 0.165 £ 0.019
Kidney-left, g 1.575+0.170 1.501 £ 0.132 0.825 + 0.034 0.884 + 0.092
Rel.wt., % 0.316 £ 0.019 0.290 + 0.024* 0.302 + 0.018 0.322 + 0.032
Kidney-right, g 1.572 £ 0.183 1.525 + 0.146 0.846 + 0.046 | 0.929 + 0.095*
Rel.wt., % 0.316 + 0.023 0.295 + 0.029 0.309+0.018 | 0.339 + 0.038*
Kidney-total, g 3.146 + 0.349 3.026 + 0.265 1.672+0.072 | 1.813+0.179*
Rel.wt., % 0.632 + 0.041 0.5854 + 0.050* | 0.612 +0.034 0.660 + 0.068
Heart, g 1.526 £+ 0.184 1.500 + 0.161 0.961 + 0.085 0.927 + 0.068
Rel.wt., % 0.306 + 0.020 0.290 + 0.025 0.352 + 0.035 0.338 + 0.31
Testis/ovary-left, g 1.834 £ 0.170 1.814 £ 0.123 0.041 + 0.006 0.047 + 0.009
Rel.wt., % 0.371 £ 0.048 0.351 + 0.027 0.015 + 0.002 0.017 + 0.004
Testis/ovary-right, g 1.808 £ 0.135 1.817 £ 0.108 0.041 £ 0.007 0.048 £ 0.008
Rel.wt., % 0.366 + 0.047 0.352 + 0.023 0.015+0.002 | 0.018 + 0.004*
Testis/ovary-total, g 3.642 + 0.301 3.630 + 0.228 0.082 + 0.011 0.095 + 0.016*
Rel.wt., % 0.737 £ 0.094 0.702 + 0.050 0.030 + 0.003 0.035 + 0.007
Prostate/uterus, g 0.5959 £ 0.150 0.602 £0.184 0.549 £ 0.121 0.506 £ 0.125
Rel.wt., % 0.119 + 0.028 0.116 + 0.035 0.201 + 0.048 0.185 + 0.048
Lung, g 1.663 + 0.146 1.590 + 0.150 1.174 £ 0.090 1.238 £ 0.120
Rel.wt., % 0.336 + 0.033 0.308 + 0.038 0.429 + 0.031 0.450 + 0.039
Thymus, g 0.294 + 0.086 0.275 + 0.093 0.252 + 0.049 | 0.200 + 0.044*
Rel.wt., % 0.060 + 0.019 0.053 + 0.018 0.092 +0.016 | 0.073 £0.015*
Thyroid gland-left, g 0.013 + 0.004 0.010 + 0.002* 0.008 + 0.002 0.008 + 0.002
Rel.wt., % 0.003 + 0.001 0.002 + 0.001* 0.003 + 0.001 0.003 £ 0.001
Thyroid gland-right, g | 0.013 + 0.004 0.011 £ 0.002 0.009 + 0.003 0.007 + 0.001
Rel.wt., % 0.003 + 0.001 0.002 + 0.001 0.003 + 0.001 0.003 + 0.001
Salivary gland, g 0.748 + 0.097 0.732 + 0.084 0.477 + 0.044 0.447 + 0.057
Rel.wt., % 0.151 £ 0.018 0.142 + 0.020 0.174 £ 0.018 0.163 + 0.017

From Park et al., 2000.; ®*Values are expressed as means+S.D.;’Relative organ weights were
expressed as the percentage of organ weights to BWs;*Significantly different from control
(p<0.05); **Significantly different from control (p<0.01).
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A 30 day feeding test in rats (SD Longlive, 2010)

Methods: 80 weaning rats weighing 50-60 g were randomly divided into 4 groups (10
male and 10 female mice/group). The dosages of testing material in three test groups
were 1.00, 2.00, and 4.00 g/kg BW in each group, respectively. The results of BW and
food availability are shown in Tables A8 and A9. No animal refused to eat in any group
during the experiment. All showed normal growth activity.

Body weight, food intake, and food availability

There were no significant differences in BW, food intake, and food availability between
any test group and control group.

Table A8. Effects of 30 d feeding on BW (g) in rats

Sex Dose, | Original 15T wk 2" wk 3" wk 4th wk
a/kg BW, g
BW

Male 0.00 58.00+2.31 | 113.50+7.84 | 140.50+6.85 | 176.50+5.30 | 210.00+10.80
1.00 59.10+1.60 | 111.5045.30 | 169.00+5.68 | 190.50+6.85 | 211.50+8.51
2.00 59.80+1.20 | 121.50+5.30 | 170.00+3.33 | 197.0045.37 | 214.00+3.94
4.00 58.60+2.27 | 111.00+4.37 | 161.50+8.18 | 200.00+5.77 | 217.00+6.32

Female |0.00 57.90+2.47 | 119.50+4.97 | 135.50+5.90 | 161.00+3.94 | 173.50+5.80
1.00 58.50+1.78 | 122.00+4.22 | 143.00+5.87 | 160.50+4.38 | 175.00+5.77
2.00 58.90+1.66 | 119.50+3.69 | 140.50+4.38 | 159.50+3.69 | 171.50+£7.09
4.00 59.20+1.59 | 118.50+3.37 | 138.50+3.37 | 157.50+4.25 | 176.50+5.80

From SD Longlive, 2010.

Blood routine and biochemical indices

Table A10 showed that hemoglobin, red blood cell count, total number of white blood
cells and their classification, aminotransferase, blood urea nitrogen (BUN), creatine,
cholesterol, nitroglycerine, blood sugar, total protein, and albumin all were in the normal
range and there were no significant differences between any test group and control

group.

56




Xylooligosaccharide GRAS Self Affirmation

Table A10. Hematological results of a 30 d feeding test in rats

December, 2010

Sex Dose, | Hemoglobin, | RBC WBC Neutrophil, | Lymphocyte, | Others,
g/kg g/L count, count, % % %
BW x10"?/L x10%/L

Male 0.00 147.60+£10.04 | 7.08+0.49 | 10.68+0.50 | 15.88 82.22 1.56
1.00 143.20+2.68 | 7.11+0.48 | 10.56+0.17 | 16.23 82.20 1.58
2.00 141.2045.12 | 7.05+0.26 | 10.90+0.85 | 16.13 82.43 1.40
4.00 143.20+8.87 | 7.32+0.54 | 10.50+0.27 | 14.58 83.74 1.88

Female | 0.00 140.4049.09 | 6.76+2.03 | 10.42+0.23 | 17.08 81.32 1.60
1.00 140.4046.69 | 6.94+0.14 | 10.66+0.10 | 16.82 81.30 1.88
2.00 142.80+4.21 | 7.21+0.12 | 10.54+0.31 | 14.63 83.53 1.83
4.00 148.20+7.01 | 7.63+0.44 | 10.86+0.75 | 15.15 83.30 1.55

Sex Dose, g/kg GPT, U/L GOT, U/L BUN, Creatinine, | Cholesterol,
BW m mol/L imol/L m mol/L

Male 0.00 54.43+9.46 | 108.44+12.28 | 8.57+1.67 | 34.38+1.20 | 1.72+0.09
1.00 51.72+8.10 | 121.69+25.91 | 9.15+1.05 | 35.09+2.82 | 1.82+0.14
2.00 41.64+3.80 | 105.61+10.77 | 8.48+1.06 | 40.64+1.47 | 1.87+0.27
4.00 59.10+5.06 | 112.16+14.32 | 9.26+0.92 | 36.31+3.67 | 2.14+0.35

Female | 0.00 56.33+6.94 | 136.25+22.82 | 9.46+0.80 | 36.34+1.81 | 1.93+0.22
1.00 39.18+5.47 | 123.30+38.78 | 10.16+1.89 | 38.74+1.35 | 1.96+0.20
2.00 50.13+4.61 | 141.61+21.35 | 10.42+0.95 | 35.84+3.60 | 1.84+0.18
4.00 39.44+7.45 | 127.02+33.60 | 9.15+2.17 | 39.36+7.02 | 1.75+0.16

Sex Dose, g/kg Triglyceride, | Blood sugar, | Total protein, g/L Albumin, g/L
BW mmol/L mmol/L

Male 0.00 0.30+0.17 7.72+0.71 65.36+2.21 39.15+2.24
1.00 0.29+0.17 7.39+1.10 76.63+2.88 49.20+1.17
2.00 0.36+0.16 6.91+0.21 76.50+4.06 50.35+2.94
4.00 0.34+0.38 7.55+0.80 80.33+2.84 52.03+1.83

Female | 0.00 0.22+0.03 7.41+0.41 69.45+2.66 44.66+0.90
1.00 0.26+0.18 7.51+1.13 78.52+3.97 51.74+3.34
2.00 0.31+£0.12 6.82+1.27 75.64+2.33 49.72+1.64
4.00 0.26+0.20 7.06+0.33 79.32+1.90 49.86+3.00

From SD Longlive, 2010.

General and histological examination

There was no abnormality upon general inspection, no abnormality of urine bladder
stone and liver duct stone, and no abnormality of organ coefficient (Table A11). There
was no significant microscopic pathological change in liver, spleen, kidney, gastric,
duodenum, testis, and ovary in any test group compared to the control group.

Table A11. Results of organ ratio of a 30 d feeding test in rats

| Sex

| Dose, g/kg BW | Liver/body, %

| Spleen/body, %

| Kidney/body, % |
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Male 0.00 4.31+0.32 0.31+0.01 0.97+0.02
1.00 4.69+0.13 0.32+0.01 0.98+0.01
2.00 4.80+0.21 0.31+0.03 1.01+0.02
4.00 4.79+0.16 0.29+0.03 0.99+0.01
Female 0.00 4.29+0.14 0.32+0.02 0.92+0.05
1.00 4.79+0.20 0.31+0.02 1.01+0.02
2.00 4.55+0.25 0.35+0.03 0.97+0.01
4.00 4.34+0.09 0.32+0.02 0.99+0.02

From SD Longlive, 2010.

Ames Test (SD Longlive, 2010)
Certified Salmonella typhimurium (histidine-defect) TA97, TA98, TA100, and TA102

were used as lab test strains (Table A13). S-9 mixture (polychlorinated biphenyl induced

rat liver homogenate) was used as in vitro activating system. Based on the results of

toxicity test, 5 dosage levels (250, 500, 1,000, 2,500, and 5,000 ug/plate) were prepared.

In addition, spontaneous revertant group, solvent control group, and positive control
group were set up. According to plate penetration method, the tests were conducted
with S-9 mixture added and not added. Three plates were used for each group. If the
number of revertant colonies was more than twice the number of spontaneous revertant
colonies and certain dosage-reaction relationships could be observed, a positive
judgment could be concluded. The full set of tests was conducted twice under the same
conditions. Table A13 show that the number of revertant colonies did not exceed two
times that of spontaneous revertant colonies in all dosage groups in two experiments.
There was no dose-response relationship either, indicating that the sample had no

inherited toxicity on those four strains of Salmonella typhimurium with or without S-9.

Table A13a. Results of Ames test (First replication)

Dose, TA97 TA98 TA100 TA102
ug/plate

-S-9 +S-9 -S-9 +S-9 | -S-9 +S-9 -S-9 +S-9
5000 132+7.8 | 138+10.5 | 30+2.8 | 33+1.4 | 135+14.1 | 137+11.3 | 135+14.1 | 137+11.3
2500 144+8.4 | 147+9.8 | 33+4.2 | 36+1.4 | 141+11.3 | 145+11.3 | 141+11.3 | 145+11.3
1000 151+11.3 | 157+8.4 | 35+7.1 | 3844.2 | 147+9.8 | 148£15.5 | 147+9.8 | 148+£15.5
500 146+5.6 | 157+£12.7 | 39+5.6 | 41+4.2 | 153+12.7 | 158+£13.4 | 153+12.7 | 158+£13.4
250 156+12.7 | 161£9.8 | 40+4.2 | 39+5.6 | 159+9.8 | 164+£14.1 | 159+9.8 | 164+£14 .1
Spontaneous | 137+8.4 | 144+7.1 | 32+4.2 | 35+2.8 | 148+9.8 | 156+£11.3 | 14849.8 | 156+11.3
revertant
Solvent 141+10.5 | 147£12.7 | 31+45.6 | 35£5.6 | 140+14.1 | 148+£12.7 | 140+14.1 | 148+£12.7
control
Table A13b. Results of Ames test (Second replication)
Dose, TA97 TA98 TA100 TA102
ug/plate
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-S-9 +S-9 -S-9 +S-9 -S-9 +S-9 -S-9 +S-9

5000 136+8.4 | 140+8.4 | 31+2.8 | 3245.6 | 139+14.1 | 143+10.5 | 251+19.7 | 260+16.9
2500 145+9.8 | 144+8.4 | 32+7.1 | 33+2.8 | 146+7.10 | 150+£19.7 | 263+21.2 | 272+14 .1
1000 150+7.1 | 14947 .1 3442.8 | 36+4.2 | 151+10.5 | 15448.4 | 265+17.6 | 276%£15.5
500 156+7.1 | 155+12.7 | 38+5.6 | 39+2.8 | 157+12.0 | 162+13.4 | 277+19.0 | 282+18.4
250 161+8.4 | 165+8.4 | 36+1.4 | 40+4.2 | 162+14.8 | 166+15.5 | 282+20.4 | 288+21.2
Spontaneous | 142+7.1 | 151£5.6 | 36%£2.8 | 40+4.2 | 153£12.7 | 160+£13.4 | 263+19.7 | 275£25.4
revertant

Solvent 145+8.4 | 150+9.8 | 35+4.2 | 38+7.1 | 146+14.1 | 153+£10.5 | 275+18.3 | 266+24.0
control

From SD Longlive, 2010; Note: (1) Atebrin, 250 ug/dish, (2) Rudomycin, 50 ug/dish, (3) Sodium
azide, 100 ug/dish, (4) Mitomycin, 0.5 pg/dish, (5) 2-AF, 50 ug/dish

Polychromatophilic normocyte micronucleus test in mice (SD Longlive, 2010)

Fifty mice (25-30 g in BW) were randomly divided into 5 groups (5 males and 5 females
per group). The dosages of testing material were 2.5, 5.0, and 10.0 g/kg BW. Distilled
water was given to the negative control group and cyclophosphamide (CTX, 40 mg/kg
BW) to the positive control group by gastric perfusion two times with an interval of 24 h.
Animals were sacrificed 6 h after the second administration of testing material.
Polychromatophilic normocyte for each animal were examined under the microscope,
the number of micronuclei cell was recorded, and the rate of micronuclei cell was
calculated. Table A14 shows that there was no significant difference in micronucleus
rate between any testing group and control group, indicating that the sample did not
cause micronucleus change of polychromatophilic normocyte of bone marrow in mice.

Table A14. Results of polychromatophilic normocyte micronucleus test of bone marrow
(BM) in mice

Sex Dose, g/lkg BW | Number | Number of Number of Rate of micronucleus
of testing micronucleus cells (permil)
animals cells cells

Male 2.5 5 1,000 10 2.0
5.0 5 1,000 10 2.0
10.0 5 1,000 10 2.0
Negative 5 1,000 10 2.0
control
Positive control | 5 1,000 146 29.2*

Female | 2.5 5 1,000 10 2.0
5.0 5 1,000 10 2.0
10.0 5 1,000 10 2.0
Negative 5 1,000 10 2.0
control
Positive control | 5 1,000 155 31.0™

From SD Longlive, 2010; **P<0.01(Poisson distribution test, compared with negative control

group).
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Sperm abnormality test in mice (SD Longlive, 2010)

Fifty mice (25-30 g in BW) were randomly divided into 5 groups (5 males and 5 females
per group). The dosages of testing material were 2.5, 5.0, and 10.0 g/kg BW. Distilled
water was given to the negative control group and cyclophosphamide (CTX, 40 mg/kg
BW) to the positive control group by gastric perfusion continuously for 5 d. Animals were
sacrificed 35 d after the first gastric perfusion. The percentage of abnormal sperms
were calculated. Table A15 shows that there were no significant differences in sperm
abnormality rate between any test group and control group, indicating that the sample
did not cause sperm abnormality in mice.

Table A15. Results of sperm abnormality test in mice

Dose, g/kg BW Number of Abnormality rate of
animal sperm, %

2.5 5 2.10

5.0 5 2.50

10.0 5 2.28

Negative 5 2.22

control

Positive control | 5 5.84**

From SD Longlive, 2010; **P<0.01 (X“ test, compared with negative control group).

Testis chromosome aberration test in mice_(SD Longlive, 2010)

Fifty mice (25-30 g in BW) were randomly divided into 5 groups (5 males and 5 females
per group). The dosages of testing material were 2.5, 5.0, and 10.0 g/kg BW. Distilled
water was given to the negative control group and cyclophosphamide (CTX, 40 mg/kg
BW) to the positive control group by gastric perfusion continuously for 5 d. Animals were
sacrificed 13 d after the first gastric perfusion. The type and number of testis
chromosome aberrations were recorded. Table A16 shows that there were no
significant differences in chromosome aberration rate between any test group and
control group, indicating that the sample did not cause chromosome aberration of testis
in mice.
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Table A16. Results of testis chromosome aberration test in mice

Dose, g/kg Number of test | No. of chromosome
BW cells aberrations

2.5 100 11

5.0 100 11

10.0 100 17

Negative 100 13

control

Positive 100 33

control

From SD Longlive, 2010; **P<0.01 (X* test, compared with negative control group).
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1. Objective of the Meeting

This Technical Meeting of experts was convened to begin discussions on guidelines,
recommended criteria and methodology for conducting a systematic approach for the
evaluation of prebiotics, leading to their safe and efficacious use in food. The purpose was to
discuss the prebiotic concept and its application to human health. An aim was to determine if
prebiotics is an area of food research which would benefit from an Expert Consultation drawn
from independently recognised leading experts convened under the auspices of the FAO.

Prebiotics have become a recognised functional food commodity. The Technical Meeting
concluded that advances in prebiotic research provide sufficient substance for the FAO to
consider a full Expert Consultation.

2. Current prebiotic standing and state of the art

Currently, there are no industry-wide accepted guidelines governing the usage of the term
prebiotic on food products. The market for prebiotics in food is growing rapidly. A 2007
report on the world prebiotic market states that there are over 400 prebiotic food products and
more than 20 companies producing oligosaccharides and fibres used as prebiotics [1]. A Frost
& Sullivan review reported that the European prebiotics market is currently worth €87
million, and will reach €179.7 million by 2010. This is a dramatic growth spurt, in part
explained by the increase in diversity of food products to which prebiotics have been added.

The basis for the expanded use of prebiotics is several-fold, not the least of which is a belief
that modern day humans do not ingest sufficient quantities of lactic acid bacteria or their
growth stimulants including non-digestible carbohydrates. In addition, there is a growing
recognition that events taking place in the intestine and influenced by microbes, have major
consequences for human health. Thus, not only are prebiotics being examined for anti-
pathogenic effects (such as inhibiting adhesion of pathogenic organisms to the gut mucosa),
but they are also being developed to decrease faecal transit time, lower cholesterol and the
glycaemic response, improve bone health, lower daily energy (fat) intake, relieve symptoms
of inflammatory bowel disease, and attempt to lower colon cancer rates [2]. The latter effects
are also promoted for dietary fibres, and this raises the question of if and how prebiotics are
differentiated from, or the same as, dietary fibres.

A prebiotic was originally defined in 1995 as a “non-digestible food ingredient that
beneficially affects the host by selectively stimulating the growth and/or activity of one or a
limited number of bacteria in the colon, and thus improves host health” [3]. A more recent
definition stated that “A prebiotic is a selectively fermented ingredient that allows specific
changes, both in the composition and/or activity in the gastrointestinal microbiota that confers
benefits upon host wellbeing and health” [4].

The principal concept associated with both of these definitions is that the prebiotic has a
selective effect on the microbiota that results in an improvement in health of the host. The
definitions arose from observations that particular dietary fibres bring about a specific
modulation of the gut microbiota, particularly increased numbers of bifidobacteria and/or
lactobacilli, and that ingestion of these compounds was associated with improved host health.
However, as our ability to determine the microbial ecology of the gastrointestinal microbiota



increases, along with our understanding of how this complex and diverse collection of
bacteria functions, we now recognise that a beneficial modulation of the microbiota
encompasses far more than bifidogenesis.

Common prebiotics in use include inulin, fructo-oligosaccharides (FOS), galacto-
oligosaccharides (GOS), soya-oligosaccharides, xylo-oligosaccharides, pyrodextrins,
isomalto-oligosaccharides and lactulose. The majority of studies have so far focused on

inulin, FOS and GOS [5, 6]. These saccharides have now a long history of safe use and are
generally regarded as safe, although there is some concern over increased gas production with
some compounds, particularly when ingested in higher amounts or during the first few days of
intake.

There is also a range of new prebiotic compounds emerging, and these include:
pecticoligosaccharides, lactosucrose, the sugar alcohols, gluco-oligosaccharides, levans,
resistant starch, xylosaccharides and soy-oligosaccharides. These compounds have been
studied to varying degrees in vitro, in animal feeding studies, but rarely in human feeding
studies. Novel compounds new to the human diet fall under the European regulatory category
of “novel foods” and will require legislated levels of safety and toxicological assessment
before they can be included in food products. However, little legislation exists governing the
use of the word “prebiotic” itself on functional food products and there is a growing
collection of commercially available products which bear the prebiotic label but for which
supportive scientific literature is sparse or lacking all-together.

The call for a scientific evaluation of the functional and health properties of prebiotics is thus
timely. The FAO Technical Meeting on Prebiotics addressed guidelines, recommended
criteria and methodologies for conducting a systematic approach for the evaluation of
prebiotics leading to their safe and efficacious use in food.

3. Defining the term prebiotic

The existing definitions of a prebiotic, as stated above, while differentiating this class of non-
digestible food ingredient within the dietary fibres and broadly serving the more common and
well studied prebiotic oligosaccharides, is restrictive in its applicability for target sites outside
the gastrointestinal tract. It is also restricted by necessitating a single mechanism of action
(e.g. anti-adhesive activities) in addition to the selective changes in the composition and/or
activity in the gastrointestinal microbiota. These definitions too, were drawn up early in the
current wave of interest surrounding the impact of the gut microbiota on human health and
disease, specifically, before metagenomic demonstration of the high species richness, novelty
(with up to 70% of the gut microbiota commonly categorised as “new to science” upon direct
16S rRNA gene fragment sequencing) and degree of metabolic cross-feeding or co-
dependence within the gut microbiota.

The stipulation of selective fermentation or selective increase in growth and/or activity
encompassed within these current definitions, has become synonymous with the preferential
increased abundance of bifidobacteria and/or lactobacilli. However, this is now inadequate to
describe a beneficial modulation of a microbiota dominated by members of the Clostridium
coccoides, C. leptum groups and the Bacteroides, regarded as key species together with the
bifidobacteria in saccharolytic fermentation within the colon. These considerations and their
implications warrant a reconsideration of the prebiotic definition itself.
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The Technical Meeting proposes a broader definition to encompass new prebiotics, and to
more accurately reflect current understanding of the microbial ecology of the human
microbiota. This revised definition follows.

3.1. Definition

A prebiotic is a non-viable food component that confers a health benefit on the host
associated with modulation of the microbiota.

3.2. Qualifications

1. Component — not an organism or drug; a substance that can be characterized
chemically; in most cases this will be a food grade component.

2. Health benefit — measurable and not due to absorption of the component into the
bloodstream or due to the component acting alone; and over-riding any adverse effects

3. Modulation — show that the sole presence of the component and the formulation in
which it is being delivered changes the composition or activities of the microbiota in
the target host. Mechanisms might include fermentation, receptor blockage or others.

A prebiotic can be a fibre but a fibre need not be a prebiotic.

How to evaluate and substantiate that a product is a prebiotic

4.1. Product specification/characteristics of the prebiotic

The component to which the claim of being prebiotic is attributed, must be characterized
for any given product. This includes:

* Source, origin

* Purity

* Chemical composition and structure

* Vehicle, concentration and amount in which it is to be delivered to the host

4.2. Functionality

At a minimum, there needs to be evidence of a correlation between the measurable
physiological outcomes and modulation of the microbiota at a specific site (primarily the
gastrointestinal tract, but potentially also other sites such as vagina and skin). Need to
correlate a specific function at a specific site with the physiological effect and its
associated timeframe.

e Within a study, the target variable should change in a statistically significant way and
the change should be biologically meaningful for the target group consistent with the
claim to be supported.



Substantiation of a claim should be based on studies with the final product type, tested
in the target host.

A suitably sized randomized control trial (compared to placebo or a standard control
substance) is required, preferably with a second independent study.

Examples of physiological outcomes due to administration of prebiotics could be:
satiety (measured towards carbohydrates, fats, total energy intake); endocrine
mechanisms regulating food intake and energy usage in the body; effects on
absorption of nutrients (e.g. calcium, magnesium, trace elements, protein); reduced
incidence or duration of infection; blood lipid and classic endocrine parameters; bowel
movement and regularity; markers for cancer risk; changes in innate and acquired
immunity that are evidence of a health benefit.

4.3. Qualifications

Bifidogenic effects are not sufficient without demonstrated physiological health
benefits.

It is recognized that at this time, determining events that take place within
compartments of the intestine are often difficult. Until such times as specific site
sampling or more sophisticated methods can reliably link microbiota modulation with
health benefits, faecal analysis will be deemed suitable, with limitations.

4.4. Safety

As with any food component, safety parameters are established by all national regulations.
It is recommended that the following issues need to be covered in any safety assessment
of a prebiotic final product formulation:

If , according to local legislation, the product has a history of safe use in the target
host, such as GRAS or its equivalents, then it is suggested that further animal and
human toxicological studies may not be necessary.

Safe consumption levels with minimal symptoms and side effects should be
established.

The product must not contain contaminants and impurities.

Based upon current knowledge, the prebiotic should not alter the microbiota in such a
way as to have long term detrimental effects on the host.

Management issues

Production — the onus is on the manufacturer to ensure substances considered
prebiotics should have purity and consistency in composition between product lots.
Formulation and storage — It is recommended that the limit of stability in different
product types, effects of processing and production technologies on prebiotic
composition, and the desired biological activity in the target host be evaluated.
Regulatory — Prebiotics are components designed for specific health effects through
modulation of the host microbial population. The onus is on the producer to provide
the regulatory agency where sales are to be made with an appropriate level of
documentation supporting the health claims. It is possible that these may refer to



disease prevention, treatment and risk reduction claims. A number of documents
available in the public domain, such as PASSCLAIM, EFSA guidelines and others
[7,8], provide criteria for evaluating the quality of data suitable for making health
claims on food and food components.

* The status of prebiotics is not established on an international basis. The term prebiotic
must be used only when a health benefit related to modulation of the target site
microbiota has been demonstrated in the target host.

* The issues of product specific testing were considered. The consensus was that the
onus should be on the producer to show that a new formulation e.g. yoghurt, is
equivalent to the one (e.g. dried powder) proven in target host studies to confer the
prebiotic effect.

6. Monitoring

The Technical Meeting recommends that prebiotic producers, medical professionals and
public health officers consider some form of system to monitor the health outcomes of long-
term prebiotic administration. This is suggested as a means to gain insight into potential side
effects as well as assess long-term benefits. A necessary prerequisite for surveillance is a
proper trace-back system.

7. Future research areas

» [t is recognised that there are numerous potential new applications being considered
for prebiotic use e.g. prevention and or management of type 2 diabetes mellitus; drug
bioavailability; effects on autoimmune diseases and allergy; modulation of pathogenic
biofilms. There is a need for more randomised, placebo controlled clinical trials with
adequate statistical power. We encourage publication in peer-reviewed journals of all
clinical trials, whether the outcome is positive, negative or adverse.

* Itis recognised that prebiotics may be used in conjunction with probiotics; this is
considered a synbiotic. Depending on the nature of the two components, the net effect
may not be synergistic. We recommend that the term synbiotic only be used if the net
health effect is synergistic. It is also recommended that the issue of synbiotics be
addressed by a separate Technical Meeting.
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