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1.5 Availability of information

The data and information that serve as the basis for this GRAS Notification will be made available to the FDA
for review and copying upon request during business hours at the offices of:

Galam Ltd.

Kibbutz Maanit
M.P. Menashe
3785500, Israel

In addition, should the FDA have any questions or additional information requests regarding this notification
during or after the Agency’s review of the notice, Galam will supply these data and information.

1.6 Freedom of Information Act, 5 U.S.C. 552

It is Galam’s view that all data and information presented in parts 2 through 7 of this notice do not contain any
trade secret, commercial, or financial information that is privileged or confidential, and therefore all data and
information presented herein are not exempt from the Freedom of Information Act, 5 U.S.C. 552.

Part 2. §170.230 Identity, Method of Manufacture, Specifications, and
Physical or Technical Effect

2.1 Chemical and Physical Characteristics

Short-chain FOS preparations currently used as food ingredients are generally produced by enzymatic synthesis
from sucrose (glucose + fructose; GF) and are characterized as short-chain mixtures of fructose oligomers of
which one (GF2; 1-kestose), two (GF3; nystose), or three (GF4; B-fructofuranosylnystose) additional fructose
units have been added by B2-1 glycosidic linkages to the fructose unit of sucrose (Figure 2.1-1). Accordingly,
ingredients produced in this manner are typically defined by the common name short-chain FOS (scFOS).
Galam’s scFOS preparation will be marketed as a high-purity (95% +2) powder or syrup (FOS 95).

Galam Ltd.
13 June 2017 5



Figure 2.1-1  Molecular Structure of scFOS Components (from Campbell et al., 1997)
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In addition to scFOS, the chemically related fructans, oligofructose and inulin are defined as longer chain
oligomers/polymers of B2-1 linked fructose molecules that may or may not have a terminal glucose molecule
and are primarily derived by isolation and/or partial enzymatic hydrolysis of inulin from chicory root. The term
oligofructose has been typically used to characterize linear oligosaccharides, ranging 3 to 6 saccharides in
length. The term inulin is typically used to define long-chain polymers of B2-1 linked fructose molecules with
degrees of polymerization ranging from 10 to 60 or more saccharides in length. Several of these structurally
related f2-1 fructan preparations also have GRAS status for use as food ingredients (e.g., GRN 118, 392, 477
and 576) (U.S. FDA, 2003, 2012, 2014, 2015a). Although the related inulin type fructans have similar chemical
composition to scFOS and are expected to have a similar toxicological and physiological profile following
ingestion, these oligomers typically display a higher molecular weight distribution. Due to qualitative and
quantitative differences between scFOS and other inulin type fructans, the subject of this GRAS dossier has
been limited to discussion of scFOS produced from sucrose by enzymatic synthesis.

2.1.1 Purity Analysis of FOS 95

Purity analysis of Galam’s scFOS powder (FOS 95; Lot No. |§8ll) manufactured under conditions representative of
those described herein were conducted using high performance liquid chromatography (HPLC) with Refractive
Index (RI) detection. The HPLC-RI chromatogram for FOS 95 is provided in Figure 2.1.1-1 and the results of
analysis for FOS 95 is also provided in Table 2.1.1-1. The results of the analysis demonstrate that the
manufacturing process produces oligomers that are characteristic of typical scFOS preparations synthesized
from sucrose by enzymatic synthesis with GF2, and GF3 representing the major fructose oligomers and lower
quantities of longer chain GF4. Small quantities (~5%) of residual sucrose, dextrose and fructose represent the
major impurities in the ingredient.

Galam Ltd.
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modification to incorporate the use of enzyme immobilization system during FOS synthesis. The manufacturing
process is conducted in accordance with cGMP, the principles of Hazards Analysis and Critical Control Point
(HACCP) and ISO 9001:2008 standards. The manufacturing process is described briefly below.

In the first step, a sucrose syrup solution is passed through an ion exchange resin containing immobilized
enzyme. The enzyme is immobilized onto the ion exchange resin based on cross-linked polystyrene DVB
following a short incubation period with acetate buffer/citrate at slightly acidic to neutral pH. The eluate
produced from the reaction column contains >55% scFOS and the reaction flow rate is optimized in-process
based on reaction efficiency which is assayed using HPLC-RI analysis. Next, the FOS intermediate solution is
purified by column chromatography to reduce the monosaccharide content to the desired concentrations. The
FOS 95 solution is passed through an activated carbon to remove potential traces of color bodies and other
organic impurities, and then the FOS 95 solution undergoes an evaporation step to produce a concentrated
syrup or a spray-drying step to produce a high purity powdered ingredient. A schematic of the manufacturing
process for the scFOS ingredients are provided in Figure 2.3-1.

The corresponding batch analyses confirm that the manufacturing process produces a product that is
consistent with the established product specifications for Galam’s scFOS ingredients (see Section 2.4).

Galam Ltd.
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Nutrition provided a table of the typical use levels of fructooligosaccharide ...”. Accordingly, general food uses
of scFOS manufactured by Galam also could provide up to 20 grams per day in the general population, and with
levels up to 4.2 g per day in infants less than one year of age. As scFOS manufactured by Galam will serve as an
alternative to existing GRAS sources of galacto-oligosaccharides (GOS) described in GRN 44, the introduction of
scFOS manufactured by Galam to the U.S. food supply will not increase dietary intake of scFOS in an additive
manner.

Part4. §170.240 Self-Limiting Levels of Use

No known self-limiting levels of use are associated with the notified ingredient.

Part5. §170.245 Experience Based on Common Use in Food Before
1958

Not applicable

Part6. §170.250 Narrative and Safety Information

6.1 Introduction

Several scFOS preparations have GRAS status for use as a food ingredient in a variety of conventional food and
beverage categories, including infant formula (GRN 44, 537, 605 and 623) (U.S. FDA, 2000, 2015b, 2016b,c).
These scFOS preparations are produced in a similar manner using food-grade sucrose as the substrate and the
transfrucosylation activity of a food grade fungal enzyme to produce a defined mixture of scFOS. Accordingly,
the GRAS status of scFOS preparations produced using a revised or new manufacturing process typically utilize
an equivalence approach based on an evaluation of chemical similarities between a GRAS comparator (e.g.,
GRN 44) and scFOS produced using the revised/new manufacturing process (e.g., GRN 537, 605 and 623) (U.S.
FDA, 2000, 2015b, 2016b,c). A similar approach was used by Galam to support the GRAS status of the
company’s scFOS ingredient. Short-chain FOS manufactured by Galam is produced from sucrose using the
transfructosylation activity of a food grade enzyme preparation from derived from Aspergillus aculeatus. The
enzyme preparation is derived from a safe and suitable organism (i.e., non-pathogenic/non-toxicogenic
organism), has GRAS status, and a long history of safe use in fruit juice processing. The enzyme preparation is
immobilized on an ion-exchange column and is not present in the ingredient. As described in Section 2.5,
scFOS manufactured by Galam contains a mixture of fructose oligomers of which one (GF2; 1-kestose), two
(GF3; nystose), or three (GF4; B-fructofuranosylnystose) additional fructose units have been added by p2-1
glycosidic linkages to the fructose unit of sucrose. The ingredient is purified by resin chromatography and is
purified using activated carbon to remove organic impurities, evaporative concentration and spray-dried to
produce a final powder. Analyses of Galam’s scFOS using HPLC-RI demonstrate that the ingredient is of high
purity, and is compositionally representative of other GRAS scFOS preparations. There are no novel
manufacturing processes employed during the production of Galam’s scFOS that would introduce novel
reaction products or impurities to the ingredient.

Since scFOS manufactured by Galam is chemically representative of other scFOS preparations that have been
determined to be GRAS (e.g., GRN 44), a discussion of publicly available data and information relevant to the
safety of scFOS is incorporated by reference to pivotal studies discussed in GRN 44 (U.S. FDA, 2000). Brief
summaries of the published literature pertaining to the absorption, distribution, metabolism and excretion of

Galam Ltd.
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scFOS are presented in Section 6.2, and an overview of published studies characterizing the toxicity in animal
models and safety in humans is discussed in Sections 6.3 through 6.4. To identify new data pertinent to the
safety of scFOS published since the GRAS status of scFOS was last evaluated in 2014 (i.e., GRN 537) (U.S. FDA,
2015b), a comprehensive search of the published scientific literature was conducted for the period spanning
from April 2014 through October 2016 (see Appendix A for literature search report). The search was
conducted using the electronic search tool, Proquest Dialog™, with several databases, including: Adis Clinical
Trials Insight, AGRICOLA, AGRIS, Allied & Complementary Medicine™, BIOSIS® Toxicology, BIOSIS Previews®,
CAB ABSTRACTS, Embase®, Foodline®: SCIENCE, FSTA®, MEDLINE®, NTIS: National Technical Information
Service, and Toxfile®. Results of the pertinent toxicological studies from prior GRAS notifications and newly
identified studies relevant to scFOS safety and tolerance in humans are summarized in their respective sections
below. Consistent with the requirements of the GRAS standard, conclusions on the GRAS status of scFOS have
considered all publicly available sources of information including favorable and potentially unfavorable
information. Based on Galam’s updated search of the literature, the company is not aware of newly published
studies to suggest the scFOS is unsafe for use as a food ingredient.

The totality of publicly available scientific literature relevant to the safe use of scFOS as an ingredient in food
has been comprehensively evaluated, using scientific procedures, by a number of independent scientific
experts, including the FDA (GRN 44, 537, 605 and 623) (U.S. FDA, 2000, 2015b, 2016b,c). These GRAS
notifications have consistently concluded that the addition of scFOS to food is GRAS under their respective
conditions of intended use. The safety of scFOS from sucrose for use as an alternative to inulin derived FOS
was evaluated by the Foods Standards Australia New Zealand (FSANZ) in 2013 (FSANZ, 2013). Based on
published information characterizing the metabolism of FOS, published studies characterizing the toxicity of
scFOS in animal models and published studies evaluating the safety and tolerance of scFOS in humans (children
and infants), FSANZ concluded that

“... SCFOS produced by invertase catalysed condensation of sucrose is technologically justified and is as safe as
IDS [inulin derived substances] already permitted to be added to foods generally, and infant formula products,
infant foods and FSFYC [Formulated Supplementary Foods for Young Children] alone or in combination with IDS
and GOS [galacto-oligosaccharides] up to the currently permitted maximum amounts. Additionally, scFOS has
the potential to soften infant stools and may reduce the incidence of constipation, both of which are considered
beneficial effects.”

In Japan, scFOS (Neosugar®) has a long-history of safe use as a general food use low-calorie sweetener since
1983 (Benkeblia, 2014). Based on conclusions from previous expert panels on the GRAS status of scFOS,
corresponding no objection letters issued by the FDA, the widespread history of use of scFOS as a food
ingredient globally, and conclusions from other authoritative bodies on the safety of scFOS as a food ingredient
(e.g., FSANZ), Galam has concluded that the current GRAS status of scFOS as described in GRN 44, can be
extended to scFOS manufactured by Galam. Galam has therefore concluded that the company’s scFOS
ingredient, as described herein, is GRAS for the specified uses in conventional food products based on scientific
procedures.

6.2 Metabolic Fate

The absorption, distribution, metabolism and excretion of scFOS along with the physiological effects on the
gastrointestinal tract related to scFOS ingestion is well characterized and has been previously described in
detailed (GRN 44, 537, 605, 623) (U.S. FDA, 2000, 2015b, 2016b,c). Generally, scFOS and related B2-1 fructans
are not absorbed and are resistant to digestion by salivary amylase, human pancreatic or intestinal enzymes.
FOS reaches the large intestine primarily intact where microbial fermentation occurs. scFOS are fermented in

Galam Ltd.
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6.3.2 Repeat Dose Toxicity

Toxicological evaluations of various scFOS preparations, produced from sucrose via enzymatic synthesis, are of
low oral toxicity in repeat dose toxicity studies in rodents (see Table 6.3.2-1). All generally available published
studies that are pertinent to the safety of scFOS have been the subject of several critical and independent
evaluations as discussed in prior GRAS notifications (i.e., GRN 44 and GRN 537) (U.S. FDA, 2000, 2015b). No
toxicologically significant effects of relevance to humans have been reported in toxicological investigations of
scFOS that have been published in the literature; NOAEL determinations have been consistently reported as
the highest doses tested. Carabin and Flamm (1999) cited findings from unpublished subacute studies were
conducted by Takeda and Niizato (1982) supporting NOAELs of 4,500 to 5,000 mg/kg body weight/day (highest
doses tested) following 6-week gavage and dietary administration of scFOS to Wistar rats. Tokunaga et al.
(1986) reported that male Wistar rats consuming FOS at dietary concentrations of 10 and 20% [equivalent to
approximately 4,185 and 7,795 mg/kg body weight/day, respectively (U.S. FDA, 1993)] experienced transient
watery stools during the first few days of administration and increased small and large intestine weights, and
increased fecal and decreased gastrointestinal transit time when in the diet for 6 to 8 weeks. Meijl Seika Kaisha
(1982) cited in GRN 44 (GTC Nutrition, 2000) reported a dose-related increase in diarrhea, soft stools, cecal
distension, intestine weights for rats fed up to 20,400 mg/kg body weight/day for 90 days (further study details
not reported). The results of a 104-week chronic study conducted with Fischer 344 rats administered dietary
scFOS supports NOAELs of 2,170 and 2,664 mg/kg body weight/day for males and females, respectively
(Clevenger et al., 1988).

Carabin and Flamm (1999) summarized the findings of an unpublished study conducted by Henquin (1988) and
reported that dietary administration of scFOS at concentrations up to 20% [equivalent to approximately
10,000 mg/kg body weight/day (U.S. FDA, 1993)] did not result in developmental toxicity2. In another study
evaluating the maternal and developmental toxicity of FOS, dietary concentrations up to 20% [equivalent to
approximately 10,000 mg/kg body weight/day (U.S. FDA, 1993)] provided to rats during postcoitum days O to
15 did not result in treatment related adverse effects (e.g. diarrhea), or differences in pregnancy outcome or in
utero development (Sleet and Brightwell, 1990; summarized in Carabin and Flamm, 1999).

2 Fetal markers other than body weight were not further described in the study summary.

Galam Ltd.
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excluding infants less than one year of age, is determined to be 20 g/day; the AlL for infants less than one year
old is 4.2 g/day” (GTC Nutrition, 2000). Updated searches of the scientific literature published since GRN 5375
was conducted to identify new studies relevant to the safety of scFOS that have not been previously evaluated
with respect to their relevance to the use of scFOS as a GRAS food ingredient. Several studies conducted in
children and adults were identified that contain parameters relevant to the safety of scFOS consumption and
the findings are summarized in Section 6.4.1 below.

6.4.1 Studies Conducted in Healthy Children and Adults

A comprehensive literature search was conducted to identify studies published from April 2014 to October
2016 evaluating safety and/or tolerability related endpoints of scFOS consumption by children and adults. The
search identified 1 study conducted in children and 5 conducted with adults. These studies are tabulated in
Table 6.4.1-1 below. The results of these studies are supportive of the findings in the previous GRAS
determinations and reiterate the safe use of scFOS as a food ingredient.

scFOS consumption by children and adults did not result in serious adverse events (SAEs). Only mild
gastrointestinal side-effects of scFOS consumption were reported which included flatulence, bloating,
abdominal discomfort and transient diarrhea. These findings are well-established effects consistent with the
effects associated with intake of high levels of non-digestible fibers. scFOS as part of a 9:1 mixture of 1.2 g/
100 mL short chain galacto-oligosaccharides (scGOS)/scFOS + 19.2 mg/100 mL n-3 long-chain poly-unsaturated
fatty acids provided to children aged 11 to 29 months for 52 weeks was reported to reduce the likelihood of
upper respiratory tract or gastrointestinal infections (Chatchatee et al., 2014).

5 At the time of this dossier preparation, GRN 537 was the most recent FOS GRAS to receive a “no questions” letter from the FDA which
summarized literature prior to April 2014 (U.S. FDA, 2015b). FOS from Tata Chemicals Limited and New Francisco Biotechnology
Corporation has since received a “no questions” letter (GRN 605 and 623) (U.S. FDA, 2016b,c).
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6.5 Allergenicity

Analytical data on Galam’s finished scFOS ingredients have demonstrated the absence of any protein in the
final product (see Section 2.4.3); therefore, the potential for allergenicity of FOS 95 is low.

6.6 Expert Panel Evaluation

Galam Ltd., has concluded that scFOS as described herein meeting appropriate food grade specifications and
manufactured consistent with current Good Manufacturing Practices, is GRAS for use as an ingredient in
specified conventional food and beverage products, as described in Part 1.3, on the basis of scientific
procedures.

This GRAS determination is based on data generally available in the public domain pertaining to the safety of
scFOS and on a unanimous opinion among a panel of experts (the Expert Panel) who are qualified by scientific
training and experience to evaluate the safety of food ingredients. The Expert Panel consisted of the below-
signed qualified scientific experts: Prof. Emer. Joseph F. Borzelleca, Ph.D. (Virginia Commonwealth University
School of Medicine); Prof. Emer. George C. Fahey Jr, Ph.D. (University of lllinois), and Prof. Emer. Robert
Nicolosi, Ph.D. (University of Massachusetts Lowell).

The Expert Panel, convened by Galam, independently and critically evaluated all data and information
presented herein, and concluded that scFOS as manufactured by Galam Ltd, was GRAS for use in food as
described in Section 1.3 based on scientific procedures. A summary of data and information reviewed by the
Expert Panel, and evaluation of such data as it pertains to the proposed GRAS uses of scFOS is presented in
Appendix B.

6.7 Conclusions

The data and information summarized in this dossier demonstrate that scFOS, as manufactured by Galam,
produced using current Good Manufacturing Practices (cGMP) and meeting appropriate food-grade
specifications, is Generally Recognized as Safe (GRAS), based on scientific procedures, under the conditions of
intended use in foods, as described herein.
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Table 2.1-3

Keywords Used to Retrieve Clinical Safety Literature During the Updated Literature Search

(April 1, 2014 to October, 2016)

Strategy?

Set 1:
Substance terms

Set 2:
Keywords used to identify
human studies

Set 3:

Keywords used to identify
route of administration
Set 4:

Safety terms

a Syntax for the search strategy is as follows:

Searched for records containing the following chemical names and synonyms within the titles and
abstractsb:
e fructooligosaccharide* OR fructo-oligosaccharide* OR "scFOS" OR "sc-FOS" OR oligofructose*
OR oligfructan®* OR inulin OR inulins

Within the results from Set 1, searched for records containing the following terms within the publication:
e human or humans or subject or subjects or patient* or clinical* or volunteer* or men or women
or "double blind*" or "single blind*" or "open label*" or "cross over" or crossover or cohort or
randomiz* or randomis* or "placebo control*"

Within the results from Set 2, searched for records containing the following terms within the publication:
e oral* or diet or dietary or ingest* or capsule or tablet or supplement* or consum*

Within the results from Set 3, searched for records containing the following terms within the titles and
abstractsb:
o safe* orrisk or "adverse effect*" or "adverse event*" or "adverse reaction*" or "maximum
tolerated dose" or "permissible dose level" or "maximum dose level" or threshold or tolerability
or tolera*)

“wu

= search terms must appear directly beside each other in the exact order; * =

truncation; NEAR/5 = search terms may appear within 5 words of each other with either term appearing first within the record
b The search terms were limited to titles and abstracts due to the vast amount of titles returned

The literature search strategy to identify nutritive safety and metabolism data related scFOS produced from
sucrose is provided below in Table 2.1-4.

Table 2.1-4

Keywords Used to Retrieve Nutritive Safety and Metabolism Literature During the Updated

Literature Search (April 1, 2014 to November, 2016)

Strategy?
Set 1:

Keywords used for exposure
(FOS produced from sucrose)

Set 2:
Animal study terms

Set 3:

Route of administration terms

Set 4:
Metabolism terms

a Syntax for the search strategy is as follows:

truncation;

Searched for records containing the following chemical names and synonyms within the publication:
e fructooligosaccharide* OR fructo-oligosaccharide* OR "scFOS" OR "sc-FOS") AND (Sucrose
or 57-50-1 or sugar* or actilight or neosugar or nutraflora or Meioligo)

Within the results from Set 1, searched for records containing the following terms within the
publication:
e animal or rat or mouse or mice or dog or rabbit or pig or hamster or monkey or rodent or
pig or piglet
Within the results from Set 2, searched for records containing the following terms within the
publication®:
e  oral* or gavage or feeding or diet or dietary or intub* or "drinking water" or intragastric

Within the results from Set 1, searched for records containing the following terms within the
publication:

e metabolis* or metaboliz* or "metabolic* fate*" or "metabolic* path*" or hydroly* or
absorb* or absorp* or excret* or eliminat* or pharmacokinetic* or pharmacodynamic* or
toxicokinetic* or toxicodynamic* or bioavailab* or biotransform* or ferment* or digest* or
fecal or feacal or bowel or "short chain fatty acid*" or SCFA or mineral* or colon or caecum
or cecum or fecal or faecal or bile or micro*

“wu

= search terms must appear directly beside each other in the exact order; * =

® This search is intended to identify any repeat dose study conducted in animals provided scFOS produced from sucrose
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EXPERT PANEL CONSENSUS STATEMENT

Scientific Opinion on the Generally Recognized as Safe (GRAS) Status of short-
chain Fructo-Oligosaccharides (scFOS) for Use as a Food Ingredient

April 27,2017

Introduction

At the request of Galam Ltd. (Galam), an independent panel of scientists (the “Expert Panel”), qualified by their
scientific training and relevant national and international experience to evaluate the safety of food ingredients,
was convened to conduct a critical and comprehensive evaluation of the available pertinent data concerning
the use of short-chain fructo-oligosaccharides (scFOS) manufactured by Galam as a food ingredient. The Expert
Panel consisted of the below-signed qualified scientific experts: Prof. Emer. Joseph F. Borzelleca, Ph.D. (Virginia
Commonwealth University School of Medicine); Prof. Emer. George C. Fahey Jr, Ph.D. (University of lllinois),
and Prof. Emer. Robert Nicolosi, Ph.D. (University of Massachusetts Lowell). For purposes of the Expert Panel’s
evaluation, “safe” or “safety” means that there is a reasonable certainty of no harm under the intended
conditions of use of the ingredient in foods, as stated in 21 CFR §170.3(i) (U.S. FDA, 2016a).

The Panel, independently and collectively, critically evaluated a dossier titled “Documentation Supporting the
Generally Recognized as Safe (GRAS) Status of short-chain Fructo-Oligosaccharides (scFOS) for Use as a Food
Ingredient”, which included a summary of the scientific information on scFOS prepared from a comprehensive
search of the scientific literature, including both favorable and unfavorable data and information, as well as
details pertaining to the method of manufacture and product specifications, supporting analytical data,
intended conditions of use of scFOS in food, estimated exposure under the proposed food-uses, and a
comprehensive assessment of the available scientific literature pertaining to the safety of the ingredient. In
addition, the Panel evaluated other information deemed appropriate or necessary.

Following its independent, critical evaluation of such data and information, the Panel convened on Tuesday,
April 18™, 2017, and unanimously concluded that scFOS as manufactured by Galam, meeting appropriate food-
grade specifications, and manufactured according to current Good Manufacturing Practice (cGMP), is GRAS
under all conditions of intended use as described GRN 44. This GRAS determination was based on scientific
procedures, and a summary of the basis for the Expert Panel’s conclusion is provided below.

Summary and Basis for GRAS

The ingredient evaluated by the Expert Panel is scFOS produced by Galam (Galam scFOS). Galam’s scFOS
preparations will be marketed as a high-purity (95 + 2%) powder and syrup (Trade named FOS 95). FOS
preparations are characterized as short-chain mixtures of fructose oligomers of which 1 (GF2; 1-kestose),

2 (GF3; nystose), or 3 (GF4; B fructofuranosylnystose) fructose units have been added by B2-1 glycosidic
linkages to the fructose unit of sucrose. Several scFOS preparations have GRAS status for use as food
ingredients for addition to specific conventional food and beverage products across multiple categories,
including infant formula (GRN 44, 537, 605, 623) (U.S. FDA, 2000, 2015, 2016b,c). These FOS ingredients are
manufactured in a similar manner utilizing the activity of a food grade enzyme to convert sucrose to fructose
oligomers and produce a characteristic scFOS mixture of GF2, GF3, GF4 oligomers extended by f2-1 glycosidic
linkages to the fructose unit of sucrose. Based on the chemical and compositional similarities of all scFOS
preparations, published studies supporting the safety of other FOS preparations, including animal toxicity



studies and human clinical trials, were considered applicable to the general category of FOS and are therefore
relevant to Galam’s scFOS preparations.

Chemistry and Manufacturing

Short chain FOS ingredients that have GRAS status (i.e., GRN 44, 537, 605, and 623), are produced in a similar
manner involving the enzymatic transfructosylation of sucrose to produce a characteristic scFOS mixture of
GF2, GF3, GF4 oligomers (U.S. FDA, 2000, 2015, 2016b,c). The scFOS solution is then typically filtered to
remove the enzyme, de-colored with activated carbon, purified using ion-exchange, chromatography or nano-
filtration methods, heat sterilized, and then concentrated to a syrup and/or spray dried to a powder.

Galam scFOS is produced in a similar manner, with an optimization modification to incorporate the use of
enzyme immobilization system during FOS synthesis. The manufacturing process is conducted in accordance
with current Good Manufacturing Practices (cGMP), the principles of Hazards Analysis and Critical Control Point
(HACCP) and ISO 9001:2008 standards. In brief, Galam’s manufacturing process involves the processing of
food-grade sucrose syrup through an ion-exchange resin containing an immobilized mixed carbohydrase
preparation from Aspergillus aculeatus with transfructosylation activity. The enzyme preparation has a long-
history of safe use in fruit, and fruit juice processing and has GRAS status (GRASP 5G0297; U.S. FDA, 1985). The
scFOS eluate is purified by column chromatography and activated carbon treatment to remove residual
monomers and to reduce color bodies or other organic impurities. The scFOS solution is then concentrated by
evaporation to produce a syrup or can be spray-dried to high purity powdered ingredient. Galam’s scFOS is
manufactured using raw materials and processing aids that meet food-grade quality specifications? and are
permitted for use in food by U.S. federal regulation or are GRAS for their respective uses.

Based on the raw materials, production methods, and available compositional analyses, the Expert Panel
agrees that Galam’s scFOS manufacturing process produces a product that is consistent with the composition
of other food-grade scFOS preparations as discussed above and is chemically representative of other GRAS
sources of scFOS. The Panel also concluded that there are no novel manufacturing processes employed during
the production of Galam scFOS that would introduce new reaction products or impurities to the ingredient.

Product Analysis

Galam has established food-grade chemical and microbiological specifications for both the FOS 95 syrup and
spray dried powder. Batch analysis conducted with 4 non consecutive manufacturing lots of FOS 95 (2 lots of
FOS 95 syrup and 2 lots of FOS 95 powder) demonstrate that scFOS produced by Galam’s manufacturing
process is a consistent product complying with the defined food-grade specifications. The results of the
analytical testing confirm the oligosaccharide profile of Galam scFOS is consistent with other FOS oligomers
(e.g., GRN 44, 537 and 623). Furthermore, residual protein analysis conducted with 4 non-consecutive batches
of FOS 95 (2 lots of FOS 95 syrup and 2 lots of FOS 95 powder) demonstrate the production enzyme is
consistently excluded from the final product (below the limit of detection) during the manufacturing process.
The Expert Panel agrees that the results of the batch analysis demonstrate a consistent product free of
chemical and microbial impurities, and residual protein.

Intended Food Uses and Estimated Exposures

The scFOS manufactured by Galam is intended for use in the same food categories and use levels to those that
have previously been determined to be GRAS by GTC Nutrition (GRN 44) and others (GRN 605, 623). Galam

1 Compliant with the specifications set forth in the Food Chemicals Codex or equivalent international food or pharmacopeia standard
(e.g., JECFA)
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scFOS preparations will serve as an alternative to existing GRAS sources of FOS available in the U.S.
marketplace and the introduction of the ingredient would not change the dietary exposure to FOS among U.S.
consumers of foods to which FOS may be added.

Estimates of FOS consumption from the proposed uses were previously determined by GTC Nutrition in GRN 44
using the 1994-1996 CSFIl conducted by the USDA (GTC Nutrition, 2000). The resulting mean and 90th
percentile intakes of FOS by the total U.S. population from all proposed food-uses in the U.S., were estimated
to range from 1.6 to 6.2 g/person/day (186 to 336 mg/kg body weight/day) and 3.1 to 12.8 g/person/day (127
to 614 mg/kg body weight/day). Among the individual population groups, the highest mean and 90th
percentile intakes of FOS was determined to be 6.2 g/person/day (102 mg/kg body weight/day) and

12.8 g/person/day (211 mg/kg body weight/day), respectively, as identified among teenagers. When intakes
were expressed on a body weight basis, toddlers had the highest mean and 90th percentile all-user intakes of
336 and 614 mg/kg body weight/day, respectively.

Additional correspondence was submitted to the U.S. Food and Drug Administration (FDA) by GTC Nutrition
informing the Agency of GTC Nutrition’s conclusion that “...the addition of fructooligosaccharide is GRAS for use
in foods in general, excluding meat and poultry products and infant formula, at levels up to 20 grams (g) per
day in the general population and at levels up to 4.2 g per day in infants less than one year of age. GTC
Nutrition provided a table of the typical use levels of fructooligosaccharide (Table 1).”

The Expert Panel concluded that Galam’s scFOS preparation will serve as an alternative to existing GRAS
sources and therefore will not change the current dietary exposure to FOS among U.S. consumers of foods to
which FOS may be added.

Information to Establish Safety

Several scFOS preparations have GRAS status for use as a food ingredient in a variety of conventional food and
beverage categories, including infant formula (GRN 44, 537, 605 and 623) (U.S. FDA, 2000, 2015, 2016b,c). All
of these FOS preparations are produced in a similar manner using food-grade sucrose as the substrate and the
transfrucosylation activity of a food grade fungal enzyme to produce a defined mixture of scFOS. Accordingly,
the GRAS status of scFOS preparations produced using a revised or new manufacturing process typically utilize
an equivalence approach based on an evaluation of chemical similarities between a GRAS comparator (e.g.,
GRN 44) and scFOS produced using the revised/new manufacturing process (e.g., GRN 537, 605 and 623) (U.S.
FDA, 2000, 2015, 2016b,c). Analysis of Galam’s scFOS using HPLC-RI demonstrates that the ingredient is of high
purity, and is compositionally representative of other scFOS preparations with GRAS status.

Since scFOS manufactured by Galam is chemically representative of other scFOS preparations that have been
concluded to be GRAS (e.g., GRN 44), a discussion of publically available data and information relevant to the
safety of scFOS is incorporated by reference to pivotal studies discussed in GRN 44 (U.S. FDA, 2000). To
identify new data pertinent to the safety of scFOS published since the GRAS status was last evaluated in 2014
(i.e., GRN 5372), a comprehensive search of the published scientific literature was conducted for the period
spanning from April 2014 through October 2016. Results of the pertinent toxicological studies from prior GRAS
notifications and newly identified studies relevant to FOS safety and tolerance in humans are summarized
below. Consistent with the requirements of the GRAS standard, conclusions on the GRAS status of scFOS have
considered all publically available sources of information including favorable and potentially unfavorable

2 At the time of this dossier preparation, GRN 537 was the most recent FOS GRAS to receive a “no questions” letter from the FDA which
summarized literature prior to April 2014. FOS from Tata Chemicals Limited and New Francisco Biotechnology Corporation has since
received a “no questions” letter (GRN 605 and 623).
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information. Based on Galam’s updated search of the literature, the company is not aware of newly published
studies to suggest the scFOS is unsafe for use as a food ingredient.

The totality of publically available scientific literature relevant to the safe use of scFOS as an ingredient in food
has been comprehensively evaluated, using scientific procedures, by a number of independent scientific
experts, including the FDA (GRN 44, 537, 605 and 623) (U.S. FDA, 2000, 2015, 2016b,c). These GRAS
notifications have consistently concluded that the addition of FOS to food is GRAS under their respective
conditions of intended use. The safety of scFOS from sucrose for use as an alternative to inulin derived FOS
was evaluated by the Foods Standards Australia New Zealand (FSANZ) in 2013. Based on published information
characterizing the metabolism of FOS, published studies characterizing the toxicity of FOS in animal models and
published studies evaluating the safety and tolerance of scFOS in humans (children and infants), FSANZ
concluded that

“.. SCFOS produced by invertase catalysed condensation of sucrose is technologically justified and is as safe as
IDS [inulin derived substances] already permitted to be added to foods generally, and infant formula products,
infant foods and FSFYC [Formulated Supplementary Foods for Young Children] alone or in combination with IDS
and GOS [galacto-oligosaccharides] up to the currently permitted maximum amounts. Additionally, scFOS has
the potential to soften infant stools and may reduce the incidence of constipation, both of which are considered
beneficial effects.”

In Japan, scFOS (Neosugar) has a long-history of safe use as a general food use low-calorie sweetener since
1983 (Benkeblia, 2014). Based on conclusions from previous expert panels on the GRAS status of scFOS,
corresponding no objection letters issued by the FDA, the widespread history of safe use of scFOS as a food
ingredient globally, and conclusions from other authoritative bodies on the safety of scFOS as a food ingredient
(e.g., FSANZ), Galam has concluded that the current GRAS status of scFOS as described in GRN 44, can be
extended to scFOS manufactured by Galam. Galam has therefore concluded that the company’s scFOS
ingredient, as described herein, is GRAS for the specified uses in conventional food products based on scientific
procedures.

Metabolic Fate and Toxicity

The absorption, distribution, metabolism and excretion of scFOS along with the physiological effects on the
gastrointestinal tract related to scFOS ingestion is well characterized and has been previously described in
detailed (GRN 44, 537, 605, 623) (U.S. FDA, 2000, 2015, 2016b,c). Generally, FOS and related B2-1 fructans are
not absorbed and are resistant to digestion by salivary amylase, human pancreatic or intestinal enzymes. FOS
reaches the large intestine primarily intact where microbial fermentation occurs. Colonic fermentation
products including short-chain fatty acids, methane, hydrogen and carbon dioxide are produced. Unfermented
scFOS is excreted in the feces. Since all scFOS preparations are qualitatively equivalent, they are handled in a
physiologically equivalent manner.

Toxicological Studies

Traditional toxicological studies conducted with FOS derived from sucrose include acute oral toxicity studies in
mice and rats as well as 3 subacute studies, 1 subchronic study, 1 chronic study and 2 studies evaluating
developmental and maternal toxicity conducted in rats.

The results of acute oral toxicity studies conducted with scFOS in male and female JcL-IcR mice and Sprague-
Dawley rats demonstrate that scFOS is of low acute oral toxicity with median lethal dose values exceeding
9,000 mg/kg body weight (highest dose tested) in both mice and rats (Takeda and Niizato, 1982; summarized in
Carabin and Flamm, 1999).
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No toxicologically significant effects of relevance to humans have been reported in toxicological investigations
of scFOS that have been published; no-observed-adverse-effect level (NOAEL) determinations are consistently
reported to be the highest doses tested. Carabin and Flamm (1999) cited findings from unpublished subacute
studies conducted by Takeda and Niizato (1982) supporting NOAELs of 4,500 to 5,000 mg/kg body weight/day
(highest doses tested) following 6-week gavage or dietary administration of scFOS to Wistar rats. Tokunaga et
al. (1986) reported that male Wistar rats consuming FOS at dietary concentrations of 10 and 20% [equivalent to
approximately 4,185 and 7,795 mg/kg body weight/day, respectively (U.S. FDA, 1993)] for 6 to 8 weeks
experienced transient watery stools during the first few days of administration and increased small and large
intestine weights, and increased fecal and decrease gastrointestinal transit time. Meijl Seika Kaisha (1982),
cited in GRN 44 (GTC Nutrition, 2000), reported a dose-related increase in diarrhea, soft stools, cecal
distension, and increased large intestine weights for rats fed up to 20,400 mg/kg body weight/day for 90 days.
The results of a 104-week chronic study conducted with Fischer 344 rats administered dietary scFOS supports
NOAELs of 2,170 and 2,664 mg/kg body weight/day for males and females, respectively (Clevenger et al.,
1988). Short-chain FOS related effects apparent at high dose levels in these studies (e.g. intestinal weight
increases, transient diarrhea, and soft/watery stools) are well-established effects consistent with the effects
associated with intake of high-levels of non-digestible fibers and are considered to not be toxicologically
relevant to humans (WHO, 1987).

Carabin and Flamm (1999) summarized the findings of an unpublished study conducted by Henquin (1988) and
reported that dietary administration of scFOS to Wistar rats at concentrations up to 20% [equivalent to
approximately 10,000 mg/kg body weight/day (U.S. FDA, 1993)] did not result in developmental toxicity3. In a
another study evaluating the maternal and developmental toxicity of scFOS, dietary concentrations up to 20%
[equivalent to approximately 10,000 mg/kg body weight/day (U.S. FDA, 1993)] provided to Sprague-Dawley (Crl
CD (SD) BR) rats during postcoitum days 0 to 15 did not result in treatment related adverse effects (e.g.
diarrhea), or differences in pregnancy outcome or in utero development (Sleet and Brightwell, 1990;
summarized in Carabin and Flamm, 1999).

Genotoxicity

The genotoxicity of commercially available scFOS (Neosugar®) has been evaluated in in vitro genotoxicity assays
including a bacterial reverse mutation assay and an unscheduled DNA repair assay conducted in accordance to
guidelines established by the Organization for Economic Cooperation and Development (OECD) and a
mammalian cell mutation assay conducted according to recognized methods (Clevenger et al.,1988). No
evidence of genotoxicity was reported in a bacterial reverse mutation assay conducted with Salmonella
typhimurium TA98, TA100, TA1535, TA1537, and TA1538 and Escherichia coli WP2 uvrA at doses up to

5,000 pg/plate in the presence and absence of Aroclor 1254-induced rat liver S9 metabolic activation.

Similarly, scFOS at levels up to 5,000 mg/mL did not result in genotoxicity in a mammalian cell mutation assay
conducted with Mouse lymphoma L5178Y cells in the presence and absence of Aroclor 1254-induced rat liver
S9 metabolic activation. Negative results were also reported in an unscheduled DNA synthesis assay conducted
with human epithelioid cells (HeLa S3) at concentrations up to 51,200 pug/mL. The results of these studies
consistently demonstrate that scFOS are not genotoxic in bacteria and mammalian cells in the presence or
absence of metabolic activation.

3 Fetal markers other than body weight were not further described in the study summary.
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Clinical trials

The totality of the publically available literature investigating the consumption of scFOS in human subjects has
been the subject of several comprehensive evaluations by several notifiers, independent expert panels and the
FDA during previous deliberations on the GRAS status of scFOS as described in GRN 44, 537, 605, 623 (U.S. FDA,
2000, 2015, 2016b). In the first GRAS notification for scFOS submitted to the offices of the FDA 16 years ago,
GTC Nutrition concluded “The AIL [Acceptable Intake Level] for FOS ingestion for the general population,
excluding infants less than one year of age, is determined to be 20 g/day; the AlL for infants less than one year
old is 4.2 g/day” (GTC Nutrition, 2000).

Studies Identified in the Updated Literature Search (2014-2016)

To identify new data pertinent to the safety of FOS published since the GRAS status of FOS was last evaluated
in 2014 (i.e., GRN 5374), a comprehensive search of the published scientific literature was conducted for the
period spanning from April 2014 through October 2016. From the literature search, 596 potentially relevant
titles were identified, and abstracts were retrieved for 95. The search identified 1 study conducted in children
and 5 conducted with adults, and the results of these studies did not result in adverse effects that would
suggest scFOS are unsuitable or unsafe for food use. Only mild gastrointestinal side-effects were reported and
these included flatulence, bloating, abdominal discomfort and transient diarrhea; findings that are well-
established effects consistent with the effects associated with intake of high levels of non-digestible fibers.

Eleven relevant scFOS efficacy studies conducted with animals (3 mouse, 6 rat, and 2 piglet) provided outcomes
relevant to safety. The results from safety parameters assessed did not reveal any toxicologically relevant
adverse effects of scFOS.

The Expert Panel concluded that Galam’s scFOS preparations are compositionally representative of other GRAS
scFOS preparations with GRAS status and published studies supporting the safety of other FOS preparations,
including animal toxicity studies and human clinical trials, are applicable to the general category of FOS and are
therefore relevant to Galam scFOS preparations. No new evidence was found that would suggest that the use
of scFOS as food ingredients would result in unsafe or undesirable effects.

Allergy

No reports of allergenicity associated with food uses of scFOS or cross reactivity to major food allergens have
been identified. Analytical data on Galam’s finished scFOS ingredients have demonstrated the absence of any
protein in the final product (detection limit 0.01% or 100 ppm); therefore, the potential for allergenicity of
scFOS manufactured by Galam is low. The production enzyme has GRAS status for general food use (U.S. FDA,
1985, and has a long-history of safe food use (i.e., fruit and vegetable juice processing, beer and wine). The
Expert Panel concludes that Galam’s finished scFOS ingredients are unlikely to pose allergenic concerns.

4 At the time of this dossier preparation, GRN 537 was the most recent FOS GRAS to receive a “no questions” letter from the U.S. FDA
which summarized literature prior to April 2014. FOS from Tata Chemicals Limited and New Francisco Biotechnology Corporation has
since received a “no questions” letter (GRN 605 and 623).
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