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I. SIGNED STATEMENT OF THE CONCLUSION OF GENERALLY 

RECOGNIZED AS SAFE (GRAS) AND CERTIFICATION OF 


CONFIRMITY TO 21 CFR §170.205-170.260 


A. SUBMISSION OF GRAS NOTICE 

Vitalus Nutrition Inc. is hereby submitting a GRAS notice in accordance with subpart E of 

part 170. 

B. NAME AND ADDRESS OF THE SPONSOR 

Vitalus Nutrition Inc. 

3911 Mt. Lehman Road 

Abbotsford, BC V2T 5W5 

Canada 


C. COMMON OR USUAL NAME 

Galacto-oligosaccharides (GOS), also known as oligogalactosyllactose, oligogalactose, 

oligolactose, transgalactosylated oligosaccharide, and transgalacto-oligosaccharide. 

D. TRADE SECRET OR CONFIDENTIAL INFORMATION 

This notification does not contain any trade secret or confidential information. 

E. INTENDED USE 

VITAGOS™ will be added to powdered, ready-to-feed and concentrated liquid versions 

of milk-based non-exempt term infant formulas, and selected conventional foods. 

F. BASIS FOR GRAS DETERMINATION 

This GRAS determination for the use of GOS for the intended uses specified above has 

been shown to be safe and GRAS, using scientific procedures, under the Federal Food, Drug, and 

Cosmetic Act (FFDCA), as described under 21 CFR § 170.30(b). The safety of the intake of 

VTTAGOSTM has been determined to be GRAS by demonstrating that the safety of this level of 

intake is generally recognized by experts qualified by both scientific training and experience to 

evaluate the safety of substances directly added to food, and is based on generally available and 

accepted information. 
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The proposed use of VIT AGOS™ as an ingredient for the intended uses in foods and 

infant formulas has been determined to be safe through scientific procedures set forth under 21 

CFR §170.30(b) based on the following: 

l. 	 GOS are non-digestible oligosaccharides consisting of 1 to 7 galactose units linked 

via P(l-2), P(l-3), P(l-4), or P(l-6) glycosidic bonds to either a terminal glucose or 
galactose. Although tri- to hexa-saccharides with 2 to 5 galactose units (degree of 
polymerization (DP) of 3 to 6) tend to be the main components of GOS-containing 
products, disaccharides (DP2) consisting of galactose and glucose with different P­

glycoside bonds from lactose are also present and defined as GOS because they have 
physiological characteristics that are similar to longer GOS. 

a. 	 VIT AGOS™ is a GOS-containing product manufactured using lactose and P­

galactosidases derived from Aspergillus oryzae and Kluyveromyces lactis in a 
manner similar to other GOS-containing products that have received "no 
questions" letters from the United States Food and Drug Administration. 

b. 	 All processing aids used to produce VITAGOS™ comply with appropriate 
federal regulations. 

c. 	 A comparison of the manufacturing processes and product specifications for 
VIT AGOS™ and other GOS-containing products shows that VIT AGOS™ is 
essentially equivalent to the other GOS-containing products currently marketed 

in the United States for use in infant formulas and conventional foods. 

2. 	 GOS are transported through the upper gastrointestinal tract to the colon where they 

are fermented by the resident microbiota into short-chain fatty acids, carbon dioxide, 
methane, and hydrogen. 

3. 	 GOS present in food are either naturally occurring in human milk and colostrum, 

bovine colostrum, and fermented milk products or synthetic, which are then added to 
the food during processing and formulation. 

4. 	 Synthetic GOS have a long history of use worldwide. 

a. 	 In Japan, GOS have been commercially available since 1995 and are 

considered as Food for Specified Health Uses (FOSHU). 

b. 	 In the United States, the first GOS product was determined GRAS for use in 

term infant formula and selected conventional foods, and received a "no 

questions" letter from the FDA in 2008 (GRN 236). Since then, six additional 
GOS-containing products have been determined GRAS for use in infant 
formulas and selected conventional foods at levels up to 7.8 g/L and 11 

g/serving, respectively, resulting in ten GRAS Notifications (GRN) to the FDA 
(GRN 236, 285, 286, 334, 484, 489, 495, 518, 569, and 620). 
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c. 	 In the European Union, the safety of GOS was reviewed by the Scientific 
Committee on Food (SCF) in 2003 and is approved for use in infant and 
follow-on formulas in combination with fructo-oligosaccharides (FOS) at 
levels up to 8 g (90% GOS and I 0% FOS)/L (7.2 g GOS and 0.8 g FOS/L) 
(Select Committee on Food EU 2016/127). 

d. 	 In Australia and New Zealand, the safety of GOS was reviewed by the Food 
Standards of Australia and New Zealand (FSANZ) in 2008 and is permitted in 
infant and follow-on formulas at levels up to 290 mg/ I 00 kJ, or approximately 
8 g/L (Australia New Zealand Food Standards Code- Standard 2.9.l - 7). 

5. 	 The safety ofVITAGOS™ was determined in a pivotal published 90-day toxicology 
study that identified a no observed adverse effect level (NOAEL) of 4082 mg/kg/day 
(2000 mg GOS/kg/day), which was the highest dose tested. 

6. 	 The safety ofVlTAGOS™ is corroborated by multiple subchronic, developmental, 
reproductive, and genotoxicology studies conducted on other GOS-containing 

products. 

7. 	 GOS-containing products are well tolerated in humans and have been reported to 

increase the abundance of bifidobacteria and lactobacilli in the gastrointestinal tract 
in infants and adults, increase fecal short-chain fatty acid concentrations in infants 
and adults, improve stool consistency in infants, reduce the incidence of atopic 
dermatitis in infants, and alleviate the symptoms of irritable bowel syndrome in 
adults. 

8. 	 GOS is available worldwide and, although GOS-containing products have been 
reported to provoke allergic reactions in sensitized individuals living in Vietnam and 
Singapore, there have been no reported reactions to GOS-containing products 
outside of Vietnam and Singapore. Thus, the reported cases likely represent unique, 
rare, geographically localized allergic reactions to GOS-containing products. 

9. 	 The addition ofVITAGOS™ to infant formula at 7.2 g GOS/Lis the same use level 
of other GOS products in infant formula that have been determined GRAS and 
received "no questions" letters from the FDA (GRN 286, 334, 569) and will result in 
intakes of approximately 5.1 and 6.9 g GOS/day for one-month-old and six-month­
old infants, respectively. 

I0. 	 VIT AGOS™ will be used as an alternative source of GOS in selected conventional 
foods at the intended use levels specified for Oligomate in GRN 334. Thus, the 
dietary exposure to VITAGOS™ from the intended uses will not increase GOS­
intake in the United States. The estimated mean and 90th percentile exposure to 

VIT AGOS™ from the intended uses in selected conventional foods are 12.2 and 
25 .3 g per person per day (g/p/d), respectively. 
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Determination of the GRAS status ofVITAGOS™ under the intended conditions ofuse 

has been made through the deliberations of Roger Clemens, DrPH, CNS, CFS, F ACN, FIFT, 

A. Wallace Hayes, PhD, DABT, FATS, ERT, CNS, F ACN, and Thomas Sox PhD, JD. These 

individuals are qualified by scientific training and experience to evaluate the safety of food and 

food ingredients. These experts have carefully reviewed and evaluated the publicly available 

information summarized in this document, including the safety of VIT AGOS™ and the human 

exposure to VIT AGOS™ resulting from its intended use as an ingredient in powdered non­

exempt term infant formula and selected conventional foods: 

There is no evidence in the available information on VITAGOS™ that demonstrates, or 

suggests reasonable grounds to suspect, a hazard to the public when VITAGOS™ is used 

at levels that might reasonably be expected.from the proposed applications of 

VITA GOS™for use in powdered non-exempt term infant formulas and selected 

conventional food as proposed by Vita/us Nutrition Inc. 

Therefore, VIT AGOS™ is safe and GRAS at the proposed levels of addition to the 

intended foods. VIT AGOS™ is, therefore, excluded from the definition of a food additive, and 

may be used in the U.S. without the promulgation of a food additive regulation by the FDA 

under 21 CFR. 

G. PREMARKET APPROVAL 

The notified substance is not subject to the premarket approval requirements of the 

FD&C Act based on our conclusion that the substance is GRAS under the conditions of intended 

use. 

H. AVAILABILITY OF INFORMATION 

The data and information that serve as the basis for this GRAS determination will be 

available for review and copying at reasonable times at the office ofClaire L. Kruger, PhD, 

DABT, President, ChromaDex Spherix Consulting, A Business Unit ofChromaDex, Inc., at 

11821 Parklawn Drive, Suite 310, Rockville, MD 20852. Telephone: 301-230-2180; Email: 

clairek@chromadex.com, or be sent to FDA upon request. 

I. FREEDOM OF INFORMATION ACT (FOIA) 

Parts 2 through 7 of this notification do not contain data or information that is exempt 

from disclosure under the FOIA. 
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J. INFORMATION INCLUDED IN THE GRAS NOTIFICATION 

To the best ofour knowledge, the information contained in this GRAS notification is 

complete, representative and balanced. It contains both favorable and unfavorable information, 

known to Vital us Nutrition Inc. and pertinent to the evaluation of the safety and GRAS status of 

the use of this substance. 

(b) (6)

Signatdre Date 
Authorized Representative ofVi talus Nutrition Inc. 
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II. IDENTITY, METHOD OF MANUFACTURE, SPECIFICATIONS, AND 
PHYSICAL OR TECHNICAL EFFECT OF THE NOTIFIED SUBSTANCE 

A. COMMON OR USUAL NAME 

Galacto-oligosaccharides (GOS), also known as oligogalactosyllactose, oligogalactose, 

oligolactose, transgalactosylated oligosaccharide, and transgalacto-oligosaccharide. 

B. TRADE NAME 

VITAGOS™ 

C. DESCRIPTION OF GALACTO-OLIGOSACCHARIDES 

As stated in GRN 495 and 620, "there is no globally-adopted definition of galacto­

oligosaccharides". Galacto-oligosaccharides have been defined as a mixture of those substances 

produced from lactose, comprising between 2 and 8 saccharide units, with one of these units 

being a terminal glucose and the remaining saccharide units being galactose, and disaccharides 

comprising two units ofgalactose (Tzortzis and Vulevic, 2009; FSANZ, 2008; Figure l), and 

substances that are produced from lactose with the help of a bacterial p-galactosidase and contain 

one molecule ofglucose and typically between 1 and 7 molecules ofgalactose (Scientific 

Committee on Food, 2001). Typically, the oligosaccharides in GOS preparations are linked via 

p-glycosidic bonds with 1-3, 1-4, or 1-6 anomeric configurations, which are determined by the 

type of p-galactosidase used during manufacturing and manufacturing conditions (reviewed in 

Torres et al., 2010). Although tri- to hexa-saccharides with 2 to 5 galactose units (degree of 

polymerization (DP) of 3 to 6) tend to be the main components ofGOS-containing products, 

disaccharides (DP2) consisting ofgalactose and glucose with p-glycoside bonds different from 

lactose are also present and, because these disaccharides have the same physiological 

characteristics as longer GOS, they are considered GOS (Sangwan et al., 2011 ; Sako et al., 

1999). 

H 

OJI 

CH~OH 

O~---Q
~H~OII 

OH 
p 

Figure 1. Structure of Galacto-oligosaccharides 

Brackets denote the repeating units, p = 0 to 6 to generate galacto-oligosaccharides consisting of I to 7 galactose units 


linked to a terminal glucose or galactose via 13(1-+3), 13(1-+4), or j3(l-+6) glycosidic bonds. 
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VIT AGOS™ is a GOS-containing syrup sythesized from lactose using P-galactosidases 

derived from Aspergillus oryzae and Kluyveromyces lactis. VIT AGOS™ contains minimum of 

62% GOS, among which DP3 GOS predominate (Table 1). 

Table 1. Total Sugar Composition of VITAGOS™ 

Saccharide IDP) Carbohydrate Relative Amount (% DM)1 

Monosaccharides (DP I) 
Ga lactose 2 ± 0.34 
Glucose 17.5 ± 0.37 

Disaccharides (DP2) 
Lactose 14.9 ± 0.32 

GOS 17.0 ± 0.42 
Trisaccharides (DP3) GOS 33 ± 0.48 
Tetrasaccharides (DP4) GOS 11.5 ± 0.20 
Pentasaccharides and higher oligomers (DP2:5) GOS 3.8±0.11 
OM= dry matter; DP= Degree of Polymerization; GOS= Galacto-oligosaccharides 
1Relative amount was determined using data from five batches. 

D. PRODUCTION PROCESS 

VIT AGOS™ is manufactured using a standardized procedure that has been widely 

reviewed in the scientific literature (Sangwan et al., 2011; Torres et al., 2010). It consists of three 

basic steps: preparation of highly concentrated solution of lactose; treatment of the lactose 

solution with p-galactosidases to produce galacto-oligosaccharides (GOS); and termination of the 

enzymatic reaction with heat. The p-galactosidases perform two functions; the hydrolysis of 

lactose to the monosaccharides glucose and galactose, and transgalactosylation of lactose, 

producing GOS. Importantly, the concentration, chain length, and type of p-glycosidic bonds of 

GOS are determined by the rate of hydrolysis, degree oftransgalactosylation, and source of the 

p-galactosidase, and manipulation of these factors during production results in products 

containing GOS with different concentrations, varying chain lengths, and different p-glycosidic 

bonds (ORN 489). 

1. Compliance 

VITAGOS™ is manufactured by Vitalus Nutrition Inc., located at 3911 Mt. Lehman Rd. 

Abbotsford, British Columbia, V2T 5W5, Canada under food grade conditions. Products 

manufactured by Vitalus Nutrition Inc. are certified as meeting kosher and halal specifications, 

and do not contain genetically modified organisms (GMOs) or ingredients derived from GMO­

derived products. Vitalus Nutrition Inc. has a hazard analysis critical control point (HACCP) 

management system in place and their manufacturing facility has been audited and determined to 

be compliant with the Food Safety System Certification (FSSC) 22000 standards by a third party. 

All food contact surfaces used in manufacturing VITAGOS™ are either stainless steel, 
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aluminum or suitable for use in the production of food ingredients. The whey used to produce the 

lactose is free of antibiotics and all raw materials, enzymes, and processing aids are either Food 

Chemical Codex grade, comply with conditions of use stipulated in Parts 168, 173, 177, 182 and 

184 ofTitle 21 of the United States Code of Federal Regulations or have been determined GRAS 

(GRN 90; GRN 489; GRN 620, FDA, 2013) (Table 2). All ingredients and processing aids also 

comply with European Union and Codex requirements, and, because current Canadian 

legislation prohibits the use of bovine growth hormones in dairy cattle, are free of recombinant 

bovine somatotropic and growth hormones. In addition, the p-galactosidases are derived from 

edible, nontoxic sources without the use of ionizing radiation. 

Table 2. Regulatory Compliance of Ingredients and Processing Aids 

Material Re2ulatory Status 
Lactose 21 CFR &168.122 
~-Galactosidase 
(derived from K/uyveromvces lactis) 

21 CFR §184.1388 

~-Galactosidase 
(derived from Aspergillus ory=ae) 

GRN 90, GRN 489, 
GRN 620, FDA Partial 
List of Enzyme 
Preparations Used in 
Food (FDA, 2013) 

Ion Exchange Resins 21 CFR §173 .25 

Potassium Hydroxide 21 CFR &184.1631 
Magnesium Chloride 21 CFR § 184.1426 
Citric Acid 21 CFR §182.1033 
Hydrochloric Acid 2 1 CFR § 182.1057 
Sodium Hydroxide 21 CFR §184.1763 

Tubing Materials 

21CFR177.2600, 21 
CFR 177.2490, 21 CFR 
177.1550, 21 CFR 
177.1520 

CFR =Code of Federal Regulations; GRN =Generally Recognized As Safe (GRAS) 
Notification 

2. Manufacturing Process 

To produce VIT AGOS™, food-grade lactose is dissolved in municipal drinking water 

and heated to a temperature greater than 80°C under agitation (Figure 2). The temperature and 

pH of the solution are then adjusted to optimum conditions for transgalactosylation. P­
Galactosidase derived from A. oryzae is added and the solution is agitated for a set period of time 

to convert the lactose to GOS. The temperature and pH are then adjusted to minimize subsequent 

transgalactosylation, maximize the hydrolysis of the remaining lactose, and achieve the desired 

final GOS purity using a p-galactosidase derived from K lactis. Both enzymes are deactivated at 

80°C. Filtration and adsorption processes using several resins then remove the enzyme residues 
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and other impurities. The resulting material is concentrated by evaporation and further heated to 

80°C for 1 min. to destroy pathogens in the finished product prior to packaging. The material is 

passed through a screen to ensure a homogenous syrup and packaged in containers lined with 

ultra-low density polyethylene food-grade bags under hygienic conditions. Packaged 

VIT AGOS™ is stored under ambient conditions and when compliance with the product 

specifications is determined, cleared for distribution. 

The quality of the finished product is controlled by two critical control points (CCPs). 

The first CCP (CCPJ) occurs at the concentration step where Vitalus Nutrition Inc. heats the 

material to 80°C for I min to destroy pathogens in the finished product. The second, CCP2, 

occurs at the packaging step where Vitalus Nutrition Inc. passes the material through a screen to 

ensure a homogenous syrup. In addition, the quality of the product is also monitored during 

processing with in-line testing for solids, conductivity, pH, color, and sugar profile. 

Olstrlbo!lon 

Figure 2. Production Process for VITAGOS™ 

Lactose is dissolved in water and mixed with f}-galactosidases from Aspergillus ory:ae and K/uyveromyces /actis. The 


enzymes are then deactivated and GOS are purified by filtration and adsorption with resins. VIT AGOS™ is 

concentrated by evaporation, heat-treated, packaged in containers lined with food grade bags, and stored under 


ambient conditions. When compliance with the product specifications is met, VIT AGOS™ is distributed to customers. 
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E. 	 FINISHED PRODUCT SPECIFICATIONS AND OTHER QUALITY 

ATTRIBUTES 

1. 	 Product Specifications 

To ensure a consistent food-grade product, each batch of VIT AGOS™ is evaluated 

against an established set of product specifications (Table 3) using validated methods. Data from 

five pilot batches demonstrate control of the production process and compliance with the product 

specifications. 
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Table 3. VITAGOSTM Product Soecificatioas and Batcla Data 
BatcllNUllaer 

(b) 
(6)

Parameter SoeclOcatiOll Metllod -
Pllyslcal Cllaraderlstlcs 

Clear to slight Clear to Clear to Clear to 
Aooearance yellow Visual sliJ.?;ht yellow slight yellow slight yellow 

PH 2.7 - 3.7 pH Meter• 2.9 2.9 3.0 

Viscosity (cPs (al 26"C) 1000 - 5000 cPs Rotational Shear• 2000 1950 2000 

Ory Matter (Total %) 74-76 Vacuum Oven Solids• 74.7 74.3 74.3 
Cllemlcal Comnosltioll 

Galacto-oli1msaccharides (%OM) ~ 62 HPLC-RID• 65.9 65.3 65.4 

Lactose (% DM) :5 16 HPLC-RJD. 15.0 15.3 14.7 

Glucose (% DM) :5 22 HPLC-Rm• 17.1 17.5 18.0 

Galactose (% DM) ~ I HPLC-Rm• 2.0 1.8 1.9 

Sulfated Ash (% DM) :5 0.3 USP I NF Current Version 0.01 0.03 0.03 

Protein(% DM)** :5 0.2 AOAC 991.20.1 0.16 0.16 0.16 
Mlcrob' ' . · Parameten 

Standard Plate Count (cfu/g) < 3000 MFHPB-33t ND ND ND 

Enterobacteriaceae ( cfu/ g) < 10 MFLP-43t ND ND ND 

Escherichia coli (cfu/g) < 10 MFHPB-34t ND ND ND 

Yeast and Mold (cfu/2) < 100 MFHPB-22t ND ND ND 

Staohv/ococcus aureus (cfu/g) < 10 MFHPB-2tt ND ND ND 

Salmonella (oer 25g) Negative MFLP-29t ND ND ND 
Heavy Metals 

Arsenic (oom; w/w)' < 0.4 EPA 3050/6020, USP 730 ND ND ND 

Lead (ppm; w/w) 1 <0.2 EPA 3050/6020 USP 730 0.02 0.03 0.06 

Cadmium (ppm; w/w)1 < 0.06 EPA 3050/6020 USP 730 0.001 ND ND 

Mercury (ppm; w/w)1 < 0.005 EPA 3050/6020 USP 730 ND 

ND 

ND ND ND 

Clear to 

slight yellow 


3.1 


2000 


74.3 

65.8 

14.4 

17.2 

2.5 

0.01 

0.16 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.04 

0.001 

ND 

Clear to 

slight yellow 


2.7 


1800 


74.8 

65.1 

15.0 

17.7 

1.6 

0.01 

0.16 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.03 

cPs = centipoises; cfu =colony forming ooits; USP = United Stated Pharmacopeia; NF= National Formulary; EPA = United States Environmental Protection Agency; AOAC = 

Association ofAnalytical Commooities; MFHPB = Methods for the Microbiological Analysis of Foods; MFLP = Laboratory Procedures for the Microbiological Analysis of Foods; ppm 

= parts per million; w/w =weight/weight; g =gram; DM = dry matter; ND = not detected; HPLC-RID = High Perfonnance Liquid Chromatography-Refractive Index Detector. 

1Limit ofdetection: Arsenic = 0.0 I ppm; lead = 0.0 I ppm; cadmium = 0.00 I ppm: mercury = 0.005 ppm. 

tObtained from the Compendiwn of Analytical Methods prepared by the Evaluation Division Bureau of Microbiological Hazards, Food Directorate, Health Products and Food Branch, 

Health Canada (httn://www.hc-sc . gc . ca/fo-an/res-rech/anal~-meth/microbio/index-eng.QhQ). 


•validated by Vitalus Nutrition, Inc. 
••N=6.38 
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2. Other Quality Attributes 

a. Degree ofPolymerization 

To demonstrate control of the production process, Vitalus Nutrition Inc. analyzed the 

GOS DP content of five batches ofVITAGOS™ by HPLC (Table 4) . Each batch had similar 

amounts of the different GOS DP fractions, indicating that the manufacturing process produces a 

consistent product. Importantly, Vitalus Nutrition Inc. monitors the GOS DP content of the 

finished product on a quarterly basis. 

Table 4. GOS Content ofVITAGOS™ 

Saccharide 
ffiP)' (b) 

(6)

Batch Number 

- -16.7 16.5 17. 1 17.1 17.6 
33.8 33.8 33.2 32.8 32.9 
11.6 11.7 11.5 11.4 11.2 
3.8 3.8 3.9 4.0 3.7 

65.9 65.8 65.7 65 .3 65.4 

Avera!e +/-St. Dev.(%) 
17.0 +/- 0.42DP2 
33.3 +/- 0.48DP3 
11.5 +/- 0.20DP4 
3.8 +/- 0.11DP2:5 

Total GOS 
65 .6 +/- 0.25

(% DM)2 

DP = Degree of Polymerization; GOS= Galacto-oligosaccharides; OM= dry matter. 

1Does not include lactose. Determined by HPLC-RlD (High Performance Liquid Chromatography-Refractive lndex 

Detector), which was validated by Vitalus Nutrition, Inc. 

2Corresponds to the data presented for the GOS specification in Table 3. 


b. Pathogenic Bacteria 

To confirm the absence of Cronobacter sakazakii and Bacillus cereus, Vitalus Nutrition 

Inc. analyzed five batches of VITAGOS™ using the appropriate validated microbiological 

techniques (Table 5). C. sakazakii and B. cereus were undetectable in each batch. Importantly, 

Vitalus Nutrition Inc. monitors VITAGOS™ for the presence of these pathogenic bacteria on a 

quarterly basis. 

Table 5. Pathogenic Bacteria in VITAGOS™ 


Batch Number 


(b) 
(6)

Bacteria Method LOD -- ,____ - - - -Cronobacter sakazakii MFLP-42• < LO cfu/g ND ND ND ND ND 
Bacillus cereus MFLP-27• Neg./25 g ND ND ND ND ND 

-

ND= not detected;; LOO = limit of detection; Neg = negative; MFLP =Laboratory Procedures for the 
Microbiological Analysis of Foods. 
tobtained from the Compendium of Analytical Methods prepared by the Evaluation Division Bureau of 
Microbiological Hazards, Food Directorate, Health Products and Food Branch, Health Canada (http://www.hc­
sc.gc.ca/fn-an/res-rech/analy-meth/microbio/ index-eng.php). 
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Table 6. Minerals in VITAGOS™ 

(b) 
(6)

Batch Number 
Minerals' - - -
Aluminum (ppm) 0.7 1.5 2.8 0.4 0.6 

Antimony (ppm) <0.01 <0.01 <O.Ol <O.Ol <O.Ol 

Barium <oom) <0.02 0.03 0.03 <0.02 0.02 

Beryllium (ppm) <0.01 <O.Ol <0.01 <O.Ol <O.Ol 

Bismuth (ppm) <0.02 <0.02 <0.02 <0.02 <0.02 

Boron (ppm) 0.5 0.4 0.4 <0.2 <0.2 

Calcium (ppm) 45.3 54.5 5.5 11.7 7.2 

Chromium (ppm) 0.45 0.5 0.03 0.03 0.03 

Cobalt (ppm) <O.Ol <0.01 <O.Ol <0.01 <0.01 

Copper (ppm) 0.29 0.5 0.23 0.29 0.43 

Iron (ppm) 6.0 5.7 <0.5 <0.5 <0.5 

Lithium (ppm) <0.1 <O.l <0.1 <0.1 <0.1 

Magnesium (ppm) <0.05 0.05 1.97 1.91 2.55 

Manganese (ppm) 0.10 0.1 l 0.05 0.06 0.03 

Molybdenum (porn) 0.02 0.02 0.01 <0.01 <0.01 

Nickel (ppm) 0.06 0.08 0.06 0.14 0.1 

Phosphorus (opm) < 1.0 I 3.3 2. L 3.0 

Potassium (porn) 56.2 64.8 64.9 214 60.2 

Selenium (ppm) <0.1 <0.1 0.1 O. l <0.1 

Silver (ppm) <0.02 <0.02 <0.02 <0.02 <0.02 

Strontium (ppm) 0.04 0.1 0.01 0.02 0.02 

Sodium (oom) 64.4 67.7 <0.1 4.0 3.7 

Thallium (oom) <0.01 <0.01 <0.01 <0.01 <0.01 

Thorium (ppm) <0.1 <O.l <O.l <0.1 <O.l 

Tin (oom) <0.01 <0.01 <0.01 <0.01 <0.01 

Titanium (ppm) <0.02 0.04 0.31 0.03 0.08 

GRAS Determination for the Use ofVTTAGOS™ in Infant Formula and Selected Foods June 8, 2017 
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c. Protein Allergens 

VIT AGOS™ is manufactured on a production line that processes only milk products. No 

other potentially allergenic substances are used. For due diligence purposes, Vitalus Nutrition 

Inc. determined the amount of casein, a major milk allergen, in VITAGOS™ by SDS-PAGE. 

The limit of detection for the assay was 2.6 ppm. Casein was not detected. 

d. Minerals 

The mineral content of 5 batches of VIT AGOS™ was determined using the 

Environmental Protection Agency (EPA) 3050/6020, United States Pharmacopeia (USP) 730 

validated method and confirms the food grade status of the finished product (Table 6). 
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Table 6. Minerals in VITAGOS™ 

Batch Number 
Minerals1 (b) (6)

Uranium (oom) <0.01 <0.01 0.30 0.28 0.30 

Vanadium (ppm) 0.01 0.02 0.02 0.02 0.01 

Zinc (oom) 3.4 0.79 0.48 0.78 0.52 

Zirconium (ppm) <O. l <O.l <0.1 <0.1 <0.1 

GRAS Determination for the Use of VITAGOSTM in Infant Formula and Selected Foods June 8, 2017 
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ppm = parts per million;"<" denotes that the amount of the mineral was below the limit 

of detection. 

'Determined using Environmental Protection Agency (EPA) 3050/6020 United States 

Pharmacopeia (USP) 730. 


F. STABILITY OF VITAGOS™ 

The intended shelf-life ofVTTAGOS™ is at least 12 months. To support this, one batch 

ofVlTAGOS™ was stored in high-density polyethylene (HOPE) bottles under ambient 

conditions ( 18-25°C). Oligosaccharide content, microbiological content, and pH were 

determined at various time points and compared to the acceptance limits stipulated in the product 

specifications. Over the course of 18 months, GOS, galactose, glucose, and lactose content were 

similar to freshly made VIT AGOS™ and at all time points complied with the product 

specifications (Table 7). The distribution of GOS in DP2, DP3, DP4, and DPS or greater was 

similar to VITAGOS™ at the beginning of the testing period. Microbiological content and pH 

were determined over the course of 12 months and, although not all parameters were determined 

at each time point, all complied with the product specifications over the course of the testing 

period (Table 8) . Importantly, determining the stability of VITA GOS™ is an ongoing process 

and will continue to be monitored to support the intended shelf-life of the finished product. 

Table 7. Oligosaccharide Stability of VITAGOS™ 

Time (Months) 

Parameter 
 Specification1 0 3 12 

Galacto-oligosaccharides (% DM) 
 2: 62 65.1 65.1 64.7 

18 

65 .2 

Galactose (% DM) 
 2: I 2.9 3.3 3.3 3.3 

Glucose (% DM) 
 ~ 22 16.2 16.3 16.6 16.3 

Lactose (% DM) 
 ~ 16 15.7 15 .3 15.4 15.2 

DP2 (%GOS) 
 ns 18.4 18 18.1 18.4 

DP3 (%GOS) 
 ns 32.5 32.7 32.5 32.5 

DP4 (%GOS) 
 ns 11.1 10.9 10.7 10.9 

2:DP5 (%GOS) 
 ns 3.1 3.5 3.4 3.35 

DM = dry matter; GOS = galacto-oligosaccharides; DP = degree of polymerization; ns = no 

specification. 

'Determined by HPLC-RID (High Performance Liquid Chromatography-Refractive Index 

Detector), which has been validated by Vitalus Nutrition, Inc. 
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Table 8. Microbiological Stability ofVITAGOSTM 

Parameter Specification 1 

Time (Months) 

J 2 3 4 5 6 7 8 9 10 11 12 

Standard Plate Count < 3000 (cfu/g) ND ND ND ND ND ND ND ND ND ND ND ND 

Enterobacteriaceae < 10 (cfu/g) ND ND ND ND - - - - - ND ND ND 

Escherichia coli < 10 (cfu/g) ND ND ND ND ND ND ND ND ND ND ND ND 

Yeast < 100 (cfu/g) ND ND ND ND ND ND ND ND ND ND ND ND 

Mold < 100 (cfu/g) ND ND ND ND ND ND ND ND ND ND ND ND 

Staphylococcus aureus < 10 (cfu/g) ND ND ND ND ND ND ND ND ND ND ND ND 

Salmonella Negative/25 g ND ND ND ND - ND ND ND ND ND ND ND 

pH 2.7 - 3.7 3.2 3 2.8 - 2.8 - 2.7 3.1 2.7 3.4 - 3.2 
cfu = colony forming units; "-" = not tested; ND = not detected 
1Methods used are the same as those cited in Table 3. 
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III. DIET ARY EXPOSURE 

A. INTENDED EFFECT 

The intended effect of adding GOS to powdered, ready-to-feed, and concentrated liquid 

versions of milk-based non-exempt term infant formulas and selected conventional foods is to 

increase oligosaccharide intake in formula-fed infants and the general population and promote 

the growth of beneficial bacteria, including, but not limited to bifidobacteria and lactobacillus. 

B. HISTORY OF USE 

GOS present in food are either naturally occurring or synthetic forms added to food 

during processing and formulation. Naturally occurring GOS are present in human milk and 

colostrum, bovine colostrum, and fermented milk products (Kunz et al., 2000; Coppa et al., 

1991 ; Coppa et al., 1997; Toba et al., 1982; Saito et al. , 1987). Synthetic GOS are found in a 

wide variety of products (Table 6). The levels of naturally occurring GOS range from 5 - 15 g/L, 

8.5 g/L, and 0.03- 0.09% in human milk, bovine colostrum, and fermented milk products, 

respectively (Kunz et al. , 2000; Coppa et al. , 1991 ; Coppa et al., 1997; Saito et al. , 1987; Toba et 

al ., l 982). It is important to note that, although synthetic GOS are structurally and 

compositionally less diverse than naturally occurring GOS, both types contain glycosidic bonds, 

which render them resistant to the digestive enzymes in the stomach and small intestine, and 

fermentable by the gastrointestinal microbiota present in the small intestine and colon (Wisker et 

al. , 1985 ; Ohtsuka et al., 1990; Chonan et al., 2004). 

GOS have a long history of safe use worldwide. 

In Japan, GOS have been commercially available since 1995 and are considered as Food 

for Specified Health Uses (FOSHU). 

Ln the United States, the first GOS product was determined GRAS for use in term infant 

formula and selected conventional foods, and received a "no questions" letter from the FDA in 

2008 (GRN 236). Since then, six additional GOS-containing products have been determined 

GRAS for use in infant formulas and selected conventional foods at levels up to 7.8 g/L and 11 

g/serving, respectively, resulting in ten GRAS Notifications (GRN) to the FDA (GRN 236, 285, 

286, 334, 484, 489, 495, 518, 569, and 620). All GRNs received "no questions" letters from 

FDA. 

[n the European Union, the safety of GOS was reviewed by the Scientific Committee on 

Food (SCF) in 2003 . GOS is currently approved for use in infant and follow-on formulas GOS in 
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combination with fructo-oligosaccharides (FOS) at levels up to 8 g (90% GOS and l 0% FOS)/L 

(7.2 g GOS and 0.8 g FOS/L) (Scientific Committee on Food, EU 2016/127). 

ln Australia and New Zealand, the safety of GOS was reviewed by the Food Standards of 

Australia and New Zealand (FSANZ) in 2008 and, similar to the EU, GOS is currently permitted 

in infant and follow-on formulas at levels up to 290 mg/ LOO kJ, or approximately 8 g/L 

(Australia New Zealand Food Standards Code - Standard 2.9. l - 7). 

C. INTENDED USE 

Vitalus Nutrition Inc. intends to use VIT AGOS™ as a substitute for the GOS product 

that was the subject of ORN 334. Thus, the intended uses for VIT AGOS™ will be the same as 

those specified in ORN 334, which includes powdered, ready-to-feed, and concentrated liquid 

versions of milk-based non-exempt term infant formulas and selected conventional foods. The 

infant formulas will not exceed 7.2 g GOS/L reconstituted infant formula and the selected 

conventional foods will not exceed the maximum use levels listed in Table 9. 

Table 9. Intended Uses ofVITAGOS™ 

Food Group Proposed Food Uses2 Maximum Use Level 
(2 GOS/100 2 Product)' 

Milk and milk 
products 

Milk, milk substitute such as soy milk 2 
Milk drink 4 
Yogurt 3.4 
Milk based meal replacement 2 
Infant formula NA3 

White sauces, milk gravies and cheese sauces 1.25 
Milk desserts, frozen like ice creams 2 
Pudding and custards including baby foods 1.4 
Cheese soups 0.62 

Soups Egg soups; soups with legumes as major 
ingredient; soups with grain products as major 
ingredient; potato soups; deep-yellow 
vegetable soups; tomato soups; other 
vegetable soups 

0.62 

Nut beverages Coconut beverages 1.6 
Bakery products Bread l 

Brownies l 
Cakes, heavy weight l 
Cakes, medium weight l 
Cakes, light weight l 
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Table 9. Intended Uses ofVITAGOS™ 

Food Group Proposed Food Uses2 Maximum Use Level 
(e GOS/100 2 Product)1 

Coffee cakes, crumb cakes, doughnuts, I 
Danish, sweet rolls, sweet quick type breads, 
muffins, toaster pastries 
Cookies l 
Crackers that are usually used as snacks I 
French toast, pancakes l 
Pies, cobblers, fruit crisps, turnovers, other l 
pastries 
Waffles l 
Grain-based bars with or without filling or 1 
coating, e.g., breakfast bars, granola bars, rice 
cereal bars 

Cereals Ready-to-eat cereals 2 
Ready-to-eat cereals (dry) for baby food 4 
Ready-to-serve cereals (wet) for baby food 0.55 
Fruit juices (including citrus fruit juices) and 1.6 

Fruit and 
nectars 
Ve.getable juices l.6

vegetable juices 
Fruit juices, vegetable juices and juice 1.6 
mixtures baby food 

Sugars and sweets Jellies, jams, preserves 25 
Fruit drinks such as fruit juice drinks, fruit 2 

Nonalcoholic flavored drinks, sports drinks, etc. 
beverages Non-fruit beverages including energy drinks 4.4 

Beverage concentrate (powder) 33.4 
NA = not applicable 
1Use levels are consistent with those specified in GRN 334. 
2Food groups were obtained from the Food and Nutrition Database for Dietary Studies (FNDDS). 
3Maximum amount of GOS ingested is based on the caloric need of the infant (see Chapter IV, Section C.1.). 
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D. ESTIMATED DAILY INTAKE 

1. Infant Formula 

The powdered, ready-to-feed, and concentrated liquid versions of milk-based non-exempt 

term infant formulas will contain 7.2 g GOS/Las consumed. Infant formulas in the US market 

provide approximately 670 kcal/L (20 kcal/fl oz) (Martinez and Ballew, 2011 ). Assuming infant 

formulas are the sole source of nutrition, reconstituted at 141 g/L, or a caloric density of 670 

kcal/L, and the caloric requirements of a one month-old and six month-old infants are 4 72 

kcal/day and 645 kcal/day, respectively (Institute of Medicine (US) Panel on Macronutrients and 

Institute of Medicine (US) Standing Committee on the Scientific Evaluation of Dietary 

Reference Intakes, 2005), 1 and 6 month-old infants consume approximately 0.704 and 0.963 L 

formula/day. The addition of 7.2 g GOS/Lin infant formula will therefore result in a GOS intake 

of approximately 5. l and 6.9 g/day for one-month-old and six-month-old infants, respectively. 

Importantly, the use of other GOS products in infant formula at this intended use level has been 

determined GRAS and received "no questions" letters from the FDA (GRN 286, 334, 569). 

2. Selected Conventional Food Uses 

Because Vital us Nutrition Inc. intends to use VIT AGOS™ as a substitute for the GOS 

preparation specified in GRN 334, the exposure to GOS from the ingestion of VIT AGOS™ will 

not increase compared to those resulting from the ingestion of Oligomate 55N/55NP. Per GRN 

334, the GOS EDis were calculated using food consumption data reported in the United States 

Department of Health and Human Service's 2003-2004 National Health and Nutrition 

Examination Survey (NHANES) and the mean and 90th percentile GOS EDis for the total U.S. 

population from the ingestion of all GOS-containing foods are 12.2 g/person/day (0.28 g/kg body 

weight/day) and 25.3 g/person/day (0.7 g/kg body weight/day), respectively. On an individual 

basis, the greatest mean and 901h percentile GOS EDis occur in children and male teenagers at 

18.1 and 33.0 g/person/day. On a body weight basis, the greatest mean and 90th percentile GOS 

EDis occur in infants at 1.44 and 2.42 g/kg body weight/day. Importantly, intake in infants 

included exposures from both infant formula and conventional food uses. 
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IV. SELF-LIMITING LEVELS OF USE 

This part does not apply. 
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V. COMMON USE IN FOOD BEFORE 1958 

This part does not apply. 
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VI. NARRATIVE ON THE CONCLUSION OF GRAS STATUS 

The safety and GRAS status ofVITAGOS™ is supported by a publicly available 90-day 

toxicology study conducted with VIT AGOS™ (Zhou et al., 2017). Numerous corroborative in 

vitro, toxicology, animal, and clinical studies, and the opinions of regulatory bodies throughout 

the world on the use of GOS in infant formulas and selected conventional foods (GRN 236; GRN 

285 ; GRN 286; GRN 334; GRN 484; GRN 489; GRN 495 ; GRN 518; GRN 569; GRN 620; 

Scientific Committee on Food, 200 I; FSA NZ, 2008) support the safety of GOS. Although a 

limited number of allergic reactions to a GOS-containing product manufactured using P­
galactosidase derived from B. circulans have been reported in individuals residing in Southeast 

Asia, the GOS present in VlTAGOS™ are produced with p-galactosidase that does not produce 

the oligosaccharides that are believed to provoke allergic reactions, particularly because B. 

circulans is not used by the sponsor. Therefore, the use of VIT AGOS™ in conventional foods is 

GRAS. 

A. ABSORPTION, DISTRIBUTION, METABOLISM, AND EXCRETION 

GOS including VIT AGOS™ are non-digestible oligosaccharides consisting of I to 7 

galactose units linked via 1-3, 1-4, or 1-6 p-glycosidic bonds to either a terminal glucose or 

galactose. The absorption, distribution, metabolism and excretion of GOS and their metabolites 

have been extensively reviewed in GRNs 236, 286, and 334, and by the Scientific Committee on 

Food (2001) and FSA NZ (2008). It is generally recognized that with the exception of lactose, 

which is hydrolyzed by small intestinal brush border lactase, beta-linked sugars are not digested 

by human pancreatic or intestinal enzymes (Ohtsuka et al. , 1990; Wisker et al., 1985; Chonan et 

al., 2004). GOS are not absorbed and are transported intact to the large intestine where they are 

subjected to fermentation by the indigenous microbiota. Although in vitro studies have reported 

slight differences in the efficiency by which particular bacterial species metabolize GOS, they 

are ultimately hydrolyzed to glucose and galactose, which are subsequently metabolized by the 

anaerobic microflora by the Embden-Meyerhof-Parnas pathway resulting in the production of 

short chain fatty acids, C02 and H2 gas (common and innocuous dietary metabolites) (cited in 

GRN 620;. Ohtsuka et al. , 1991 ; Suarez et al., 1999; Smiricky-Tjardes et al., 2003). Importantly, 

short-chain fatty acids, carbon dioxide, methane and hydrogen are the same metabolites as those 

produced by the microbiota following the ingestion of other foods and are either absorbed, 

exhaled, or excreted (reviewed in Slavin, 2013). Therefore, VIT AGOS™ is expected to be 

unabsorbed followed by fermentation by the microflora in the colon, producing short chain fatty 

acids, C02 and H2 gas. 
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B. GENOTOXICITY STUDIES 

The genotoxicity of GOS-containing products has been extensively reviewed in GRNs 

334 and 620. As summarized in GRN 334, Kobayashi et al. (2009) showed that GOS are not 

mutagenic, genotoxic, or clastogenic using a bacterial reverse mutation, a chromosomal 

aberration assay, and an in vivo micronucleus study. As summarized in GRN 620, Narumi et al. 

(2014) showed that GOS are not genotoxic using an in vivo comet assay. In addition, two non­

publicly available bacterial reverse mutation assay and an in vitro micronucleus assay were 

reviewed in GRN 620 and, importantly, corroborate the lack of genotoxicity reported by 

Kobayashi et al. (2009) and Narumi et al (2014). Therefore, VITAGOS™ is not genotoxic. 

C. TOXICOLOGY STUDIES 

1. Subchronic Study Conducted with VITAGOS™ (Zhou et al., 2017) 

A subchronic toxicity ofVITAGOS™ GOS was assessed in Sprague-Dawley rats (10 per 

sex per group) for 90 consecutive days by oral gavage at 0, l 020, 2041 , and 4082 mg GOS 

syrup/kg/day, which resulted in daily intakes of 0, 500, 1000, and 2000 mg GOS/kg/day. The 

study was performed in accordance with cGLP [OECD c(97)/ l 86Final and US FDA (21 CFR 

Part 58)] and as per OECD guideline No. 408. 

General clinical observations were performed once daily and morbidity/mortality 

assessments were performed twice daily. Detailed clinical examination was done on Day 1 prior 

to treatment of test article and weekly thereafter. Ophthalmological examination was carried out 

prior to treatment and prior to the animals being euthanized. Individual body weight was 

recorded on Day 1 prior to test article administration and at weekly intervals. Fasting (12 hrs) 

body weight was recorded prior to termination. Feed consumption was measured at weekly 

intervals. On Day 91 , blood was collected for hematology, coagulation, and clinical chemistry 

evaluations and urine was collected for urinalysis. All animals were then euthanized by 

exsanguination and were subjected to detailed necropsy and gross pathological examination. 

Selected tissues and organs were collected, weighed, and preserved from all animals. In 

accordance with the OECD No. 408 guidelines, histopathological examination was carried out on 

all the preserved organs and tissue of control and high-dose (2000 mg GOS /kg/day) group 

animals. Additionally, the cecum was examined in the respective lower-groups (500 and I 000 

mg GOS /kg/day) as test article-related histopathological change was observed in the high-dose 

group. 
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There were no deaths, relevant clinical signs, or abnormal ophthalmological findings 

reported at any dose levels in this study. Body weight and feed consumption were reduced at 

I 000 and 2000 mg/kg/day doses in males but not females. The reductions in body weight were 

not considered clinically adverse since they were less than 10% relative to controls. The 

reductions in feed consumption were considered a test article related non-adverse finding as the 

lower feed consumption did not result in any clinical signs during the in-life phase of the 

treatment period. Most importantly, no test article-related effect was seen on feed efficiency 

(Table I 0). Therefore, the reductions in body weight and feed consumption may be due to poor 

acceptability rather than less efficient utilization of the diets. 

Table 10. Mean Feed Efficiency (Body Weight Gain/Feed Consumed) of Male and Female 
Rats 

Days GI, 0 m!Ukl?fday G2, 500 m!Ukl?fday G3, 1000 m!Uke/day G4, 2000 ml?fkg/day 
Males 
n=lO 

Females 
n=to 

Males 
n=IO 

Females 
n=LO 

Males 
n=lO 

Females 
n=to 

Males 
n=IO 

Females 
n=tO 

1-8 0.20 ± 
0.022 

0.12 ± 
0.018 

0.21 ± 
0.015 

0.13 ± 
0.029 

0.20 ± 
0.034 

0.13 ± 
0.026 

0.18 ± 
0.009 

0. 15 ± 
0.037 

8-15 0.15 ± 
0.018 

0. 10 ± 
0.014 

0.17 ± 
0.015 

0. 11 ± 
0.018 

0.15 ± 
0.032 

0. 11 ± 
0.046 

0.16 ± 
0.022 

0. 11 ± 
0.018 

15-22 0.15 ± 
0.005 

0.08 ± 
0.032 

0. 13 ± 
0.019• 

0.08 ± 
0.031 

0.13 ± 
0.014• 

0.10 ± 
0.046 

0.12± 
0.008• 

0.09 ± 
0.015 

22-29 0.14 ± 
0.019 

0.09 ± 
0.027 

0.13 ± 
0.029 

0.07 ± 
0.015 

0.12 ± 
0.022 

0.06 ± 
0.035 

0. 11 ± 
0.030 

0.07 ± 
0.045 

29-36 0.07 ± 
0.015 

0.03 ± 
0.077 

0.08 ± 
0.013 

0.06 ± 
0.019 

0.06 ± 
0.021 

0.07 ± 
0.025 

0.08 ± 
0.019 

0.05 ± 
0.030 

36-43 0.09 ± 
0.015 

0.05 ± 
0.037 

0.08 ± 
0.007 

0.06 ± 
0.036 

0.06 ± 
0.013 

0.04 ± 
0.024 

0.07 ± 
0.022 

0.04 ± 
0.027 

43-50 0.08 ± 
0.008 

0.08 ± 
0.012 

0.08 ± 
0.015 

0.07 ± 
0.039 

0.09 ± 
0.010 

0.06 ± 
0.030 

0.06 ± 
0.027 

0.05 ± 
0.037 

50-57 0.07 ± 
0.008 

0.01 ± 
0.037 

0.02 ± 
0.025" 

0.00 ± 
0.042 

0.06 ± 
0.015 

0.04 ± 
0.023 

0.07 ± 
0.025 

0.03 ± 
0.020 

57-64 0.06 ± 
0.010 

0.04 ± 
0.047 

0.08 ± 
0.021 

0.05 ± 
0.034 

0.06 ± 
0.020 

0.03 ± 
0.040 

0.03 ± 
0.030 

0.06 ± 
0.037 

64-71 0.05 ± 
0.01 3 

0.07 ± 
0.031 

0.05 ± 
0.020 

0.05 ± 
0.014 

0.05 ± 
0.010 

0.05 ± 
0.019 

0.05 ± 
0.018 

0.03 ± 
0.020 

71-78 0.06 ± 
0.015 

0.02 ± 
0.027 

0.05 ± 
0.020 

0.03 ± 
0.033 

0.04 ± 
0.01 3 

0.04 ± 
0.033 

0.04 ± 
0.024 

0.03 ± 
0.025 

78-85 0.01 ± 
0.013 

0.01 ± 
0.019 

0.02 ± 
0.010 

0.00 ± 
0.046 

0.01 ± 
0.023 

0.00 ± 
0.023 

-0.02 ± 
0.022 

0.01 ± 
0.032 

85-90 0.04 ± 
0.029 

0.03 ± 
0.026 

0.04 ± 
0.012 

0.04 ± 
0.037 

0.04 
±0.043 

0.02 ± 
0.031 

0.07 ± 
0.022 

0.02 ± 
0.060 

"Signjficantly lower than the control group (G 1) at p < 0.05 
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There were no test article-related adverse changes reported in hematology, coagulation, 

serum clinical chemistry, or urine parameters in either sex in test groups compared with controls. 

In hematology (Table 11 ), decreased absolute neutrophil count in all treated groups in males was 

considered incidental and likely due to random biological variation as there was no dose 

correlation and it only occurred in male animals. In coagulation parameters, changes ofPT 

values in all treated males and APTT values in all treated females were considered as incidental 

because there was no clear dose correlation, no consistency between sexes, and no related 

changes in the related hematology parameter platelet counts. In the clinical chemistry (Table 12), 

an increased concentration of blood urea nitrogen in males at 1000 and 2000 mg/kg/day and in 

females at 1000 mg/kg/day was noted, but the levels of blood urea nitrogen were within 

historical values obtained from control rats of this age and strain (3.84-8.85 mmol/L, n=99). 

These changes were not consistent between sexes. In addition, the differences in plasma calcium 

levels and sodium levels in treated rats compared to controls were considered a non-adverse 

incidental effect because the findings were not dose-related and were well within historical 

values obtained from the rats of this age and strain (calcium historical control range: 1.47-6.48 

mmol/L, n =99) (sodium historical control range: 134.60-151.10 mEq/L, n=99). 
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Table 11. Mean Hematology and Coagulation Values 
Parameter GI, 0 mg/kg/day G2, 500 mg/kg/day G3, 1000 

mWkWday 
G4,2000 
mg/k2/day 

Males 
n=lO 

Females 
n=to 

Males 
n=lO 

Females 
n=lO 

Males 
n=lO 

Females 
n=lO 

Males 
n=lO 

Females 
n=lO 

Red blood cells 
(10 '2/L) 

9.30 ± 
0.39 

8.35 ± 
0.16 

9.31 ± 
0.30 

8.28 ± 
0.41 

9.36 ± 
0.28 

8.26± 
0.22 

9.49 ± 
0.28 

8.44 ± 
0.25 

Hemoglobin (g/L) 157 ± 2 149±3 156 ± 2 152 ± 4 160 ± 4 150±4 159 ± 5 151 ± 5 
Hematocrit (LIL) 0.509 ± 

0.013 
0.480 ± 
0.012 

0.508 ± 
0.015 

0.479 ± 
0.021 

0.521 ± 
0.015 

0.480 ± 
0.017 

0.518 ± 
0.018 

0.486 ± 
0.013 

Mean corpuscular 
volume (fLl 

54.8 ± 
2.6 

57.35 ± 
1.4 

54.6 ± 
1.7 

57.9 ± 
l.3 

55 .6 ± 
2.1 

58.2 ± 1.8 54.7 ± 
1.5 

57.5 ± 
1.7 

Mean corpuscular 
hemoglobin (02) 

16.9 ± 
0.6 

17.9 ± 
0.4 

16.8 ± 
0.5 

18.4 ± 
0.7 

17.1 ± 
0.5 

18.1 ± 0.6 16.8 ± 
0.4 

17.9 ± 
0.6 

Mean corpuscular 
hemoglobin 
concentration (g/L) 

309 ± 6 311 ± 3 308 ± 7 317 ± 13 307 ± 4 312 ± 6 307 ± 3 311 ± 5 

Reticulocytes ( I0 12/L) 0.189 ± 
0.045 

0.202 
±0.055 

0.184 ± 
0.025 

0.195 ± 
0.051 

0.158 ± 
0.019 

0.129 ± 
0.045° 

0.185 ± 
0.023 

0.175 ± 
0.059 

Reticulocytes (%) 2.04 ± 
0.49 

2.42 ± 
0.65 

1.97 ± 
0.26 

2.36 ± 
0.65 

1.69 ± 
0.23 

1.57 ± 
o.55• 

1.96 ± 
0.28 

2.09 ± 
0.74 

Platelets ( I 09/L) 820 ± 
79 

1007 ± 
157 

898 ± 
138 

977 ± 
109 

907 ± 
93 

969 ± 141 916 ± 
127 

1045 ± 
118 

Mean platelet volume 
(fL) 

10.0 ± 
0.8 

9.8 ± 0.3 9.9 ± 
0.2 

9.8 ± 0.6 10.2 ± 
0.3 

10.1 ± 0.6 10.4 ± 
0.3 

10.4 ± 
Q.3 b 

White blood 
corpuscles (I 09/L) 

8.45 ± 
1.00 

6.19 ± 
1.31 

6.92 ± 
1.01· 

6.89 ± 
1.21 

7.78 ± 
0.99 

5.4 ± 0.79 8.13 ± 
I.I I 

6.16 ± 
1.03 

Neutrophils ( 109/L) 2.07 ± 
0.52 

0.98 ± 
0.35 

1.45 ± 
0.23• 

1.00 ± 
0.29 

1.41 ± 
0.45• 

0.78 ± 
0.14 

1.54 ± 
0.48• 

0.97 ± 
0.46 

Lymphocytes (109/L) 5.93 ± 
0.60 

4.92 ± 
1.07 

5.15 ± 
0.98 

5.6 ± 
0.95 

6.05 ± 
0.75 

4.37 ± 
0.65 

6.17 ± 
0.68 

4.92 ± 
0.94 

Monocytes ( 109/L) 0.23 ± 
0.07 

0.15 ± 
0.03 

0.17 ± 
0.04 

0.15 ± 
0.03 

0.17 ± 
0.04 

0.12 ± 
0.04 

0.20 ± 
0.05 

0.12 ± 
0.03 

Basophils ( 109/L) 0.01 ± 
0.00 

0.01 ± 
0.01 

0.01 ± 
0.01 

0.01 ± 
0.01 

0.01 ± 
0.01 

0.00 ± 
0.00 

0.01 ± 
0.01 

0.00 ± 
0.00 

Eosinophils (109/L) 0.18 ± 
0.14 

0.11 ± 
0.02 

0.11 ± 
0.06 

0.09 ± 
0.03 

0.10 ± 
0.04 

0.09 ± 
0.04 

0.15 ± 
0.10 

0.10 ± 
O.D3 

Prothrombin time (PT; 
(seconds) 

l 7.7 ± 
0.6 

17.8 ± 
0.5 

16.6 ± 
1.0• 

17.4 ± 
1.2 

16.7 ± 
0.6• 

17.3 ± 0.5 16.6 ± 
0.93 

16.5 ± 
0.6• 

Activated partial 
thromboplastin time 
(APTT; seconds) 

14.9 ± 
3.2 

IO. I ± 
1.6 

13.3 ± 
2.8 

14.5 ± 
3.1 b 

14.7 ± 
2.8 

13.8 ± 
3.6b 

13.1 ± 
1.7 

14.5 ± 
2.6b 

•Significantly lower than the control group G 1 at p < 0.05 
bSignificantly higher than the control group GI at p < 0.05 
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Table 12. Values of Clinical Chemistry 
GI, 0 mg/kg/day G2, 500 mg/kg/day G3, 1000 

mg/kg/day 

Males Females Males Females Males Females 
Parameter n=IO o=tO n=tO n=tO n=tO o=lO 

Glucose (mmol/L) 5.36 ± 5.26 ± 5.24 ± 5.57 ± 5.03 ± 5.37 ± 
0.65 0.55 0.48 0.55 0.40 0.44 

Blood urea nitrogen 5.10 ± 6.00 ± 5.60 ± 5.66 ± 5.86± 7.21 ± 
(mmol/L) 0.56 0.46 0.44 0.72 o.85• 0.66" 

Creatinine (µmol/L) 36±4 46 ± 4 40 ±5 43 ± 3 37± 5 47 ± 4 

Aspartate amino 94 ± 13 95 ± 6 92 ± 9 95 ± 8 93± 6 94 ± 7 
transferase (U/L) 

Alanine amino 59 ± 7 44 ± 3 56 ± 9 41 ± 4 57± 8 43 ± 7 
transferase (U/L) 

Gamma glutamyl 4±1 4 ± 0 4 ± 1 4 ± 1 4±1 4 ±0 
transpeptidase (U/L) 

Alkaline phosphatase 77 ± 11 55 ± 6 77 ± 6 60 ± 12 82 ±9 55 ± 9 
(U/L) 

Creatinine kinase 2 11 ± 236± 27 219± 22 1± 56 198 ± 179 ± 4Q b 
(U/L) 65 64 41 

Total bilirubin 2.97± 3.38± 2.31± 2.58± 2.27± 2.51 ± 
(~Lmol/L) 0.58 0.75 0.98b 0.64b 0.48 0.63 b 

Total cholesterol 2.99± 3.33 ± 2.85 ± 3.18± 2.66± 3.51 ± 
(mmol/L) 0.36 0.27 0.33 0.29 0.28 0.37 

Triglyceride (mmol/L) 0.66 ± 0.54 ± 0.74 ± 0.36 ± 0.54 ± 0.52 ± 
0.17 0.16 0.28 o.22 b 0.14 0. 11 

Total plasma protein 71 .2± 71.1 ±2. l 72.4± 70.5 ± 2.2 72.7± 73 .3 ± 2.4 
(g/L) 1.3 2.0 1.8 

Albumin (g/L) 31.7 ± 33.7 ± 1.1 32.2± 33.1±1.2 32.8± 34.9 ± 1.2 
0.7 0.8 0.8 b 

Globulin (g/L) 39.5 ± 37.4 ± 1.5 40.2± 37.4 ± 1.4 39.9± 38.5± 1.4 
I. I 1.3 1.3 

Albumin/Globulin 0.80 ± 0.90 ± 0.80 ± 0.89 ± 0.82 ± 0.91 ± 
(ratio) 0.03 0.04 0.02 0.03 0.02 0.02 

Inorganic phosphorous 1.94 ± 1.79 ± 1.82± 1.89 ± 1.94 ± 1.78 ± 
(mmol/L) 0.17 0.25 0.09 0.20 0.19 0.16 

Calcium (mmol/L) 2.47 ± 2.39± 2.30 ± 2.29± 2.14 ± 2. 13 ± 
0.06 0.04 O.Q8 b 0.09b O.J2 b 0.08 b 

Sodium (mEq/L) 141.6 ± 141.4 ± 143.5 ± 142.1 ± 144.0 ± 143 .0 ± 
1.2 1.3 l.I a 1.7 J.7 • 1.5 a 

Potassium (mEq/L) 3.73 ± 3.26± 3.71 ± 3.40 ± 3.52± 3.40± 
0.13 0.27 0.17 0.21 0.21 0.21 

Chloride (mEq/L) 108.8 ± 108.3 ± 109.2 ± 190.0 ± 109.0 ± 108.7 ± 
1.1 1.1 0.9 1.7 1.6 1.6 

•significantly higher than the control group at p < 0.05 . 
bSignificantly lower than the control group at p < 0.05. 

G4, 2000 
mg/kg/day 

Males Females 
o=lO n=lO 

4.97± 5.32 ± 
0.50 0.49 

6.3 0 ± 6.61 ± 
o.58• 0.59 

37±4 42 ± 5 

IOI ± 8 101 ± 18 

63 ±9 48 ± 8 

4 ± 1 4 ± 1 

86 ± 14 53 ± 7 

203 ± 220 ± 86 
29 

2.36± 2.48± 
0.39 0.61 b 

2.47± 3.16± 
0.24 b 0.32 

0.47 ± 0.43 ± 
0.08 b 0.12 

71.5 ± 72.4 ± 3.7 
2.7 

32.8 ± 33.9 ± 1.7 
1.2 b 

38.7± 38.4 ± 2.2 
1.6 
00.85 ± 0.88 ± 
0.02 O.D3 

2.02± 1.76 ± 
0.09 0.18 

2.15± 2.13± 
0.07b O. l2b 

145.4 ± 144.3 ± 
1.4 " l.Q a 

3.65 ± 3.51 ± 
0.20 0.21 

110.5 ± 111.3 ± 
1.2 a J.4 • 
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No adverse effects were seen on absolute or relative organ weights and no changes in 

gross or histopathology were seen except for increased absolute and relative weights of the 

caecum with and without contents at the highest dose only in males and females (Table 13). This 

change was considered test article-related as it was microscopically associated with mucosa! 

hypertrophy/hyperplasia (high dose males, 8/10 hypertrophy/hyperplasia with 5 minimal, 3 mild; 

high dose females, 7/10 hype1trophy/hyperplasia with 4 minimal, 3 mild). Jt was noted that the 

brain weight relative to body weight in I 000 and 2000 mg/kg/day groups of males were 

significantly increased as compared to the control group, but the increase was not dose­

dependent. Because the absolute weight of brains in these two groups were not different from the 

control group, the reduced terminal body weight of these two groups may have been the cause of 

the increase in the brain relative to body weight. Thus, this observation was considered an 

incidental change and not associated with any microscopic changes in the histopathological 

examination. In addition, absolute and relative to brain weights of liver in males at I 000 

mg/kg/day and absolute and relative to body and brain weights of liver in males at 2000 

mg/kg/day were significantly reduced as compared to the control. No histopathological findings 

were seen in the livers of males except one minimal necrosis in the control and one minimal 

inflammatory focus in the 2000 mg/kg/day group. In addition, no adverse findings were noted in 

these two groups of male rats in terms of clinical chemistry parameters that are related to 

compromised liver function, such as T. Bil, ALT, AST, ALP, and GGT (Gowda et al., 2009). No 

changes in liver weights were noted in treated females. Incidental reduction in liver weight was 

seen in females given 2500 mg GOS/kg/day in a study of another GOS product (Anthony et al. 

2006). Thus, the reductions of liver weight in males at 1000 and 2000 mg/kg/day dose from this 

study were not considered to be of toxicological significance. Other statistically significant 

changes in organ weights were not considered to be test article-related adverse effects because 

they were single incidences. 

Because the caecum is an area of significant bacterial fermentation, cecal 

hypertrophy/hyperplasia is thought to occur because of the increased amounts of short chain fatty 

acids that are produced by bacterial fermentation after large amounts of non-adsorbed 

carbohydrate and dietary fiber enter the caecum and colon (Levine, 1991 ; Demigne and Remesy 

1985; Lupton and Kurtz 1993). Increased concentrations of short chain fatty acids and enhanced 

ion absorption due to decreased pH can alter the osmotic balance of the GI tract and enhance the 

fluid volume of enterocytes. Therefore, in the current study, the histological change seen in the 

cecum of high dose animals, although related to test article administration, is considered an 

adaptive rather than toxic response. 
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Table 13. Organ Weight of Male Rats 
Gl, 0 me/kf!/dav G2 500 m!!'/k!!'/dav G3 1000 m2'1u ldav G4, 2000 ml!lk!! 1dav 

Relative Relative Relative Relative 
to Body Relative to Body Relative to Body Relative to Body Relative 

Or2an Abs Wei2ht to Brain Abs Weie:ht to Brain Abs Weie:ht to Brain Abs Weie:ht to Brain 
Terminal fasting body 410.35 ± - - 404.99 ± - - 379.82 ± - - 375.45 ± - -
weight (g) 21.17 25.30 21.09b 24.13b 
Adrenals (g) 0.0533 ± 0.0130 ± 2.6879 ± 0.0526 ± 0.0130 ± 2.7211 ± 0.0542 ± 0.0143 ± 2.7397 ± 0.0496 ± 0.0132 ± 2.5406 ± 

0.0057 0.0015 0.3251 0.0054 0.0012 0.2910 0.0061 0.0015 0.2689 0.0039 0.0007 0.1715 
Brain (g) 1.9856 ± 0.4846 ± - l.9346 ± 0.4783 ± - 1.9774 ± 0.5220 ± - 1.9543 ± 0.5216 ± -

0.0668 0.0214 0.0947 0.0187 0.0593 0.0314" 0.0879 0.02583 

Cecum with content (g) 3.8003 ± 0.932 ± 192.205 ± 3.7213 ± 0.921 ± 192.922 ± 4.6803 ± l.235 ± 236.806 ± 5.1308 ± 1.372 ± 262.866 ± 
0.7685 0.215 42.587 0.9320 0.229 49.343 0.5799 0.162" 29.825 1.2295• 0.3363 63.005" 

Cecum without content 1.0938 ± 0.266 ± 55.077 ± l.1419 ± 0.282 ± 59.053 ± 1.2433 ± 0.328 ± 63.031 ± 1.3541 ± 0.361 ± 69.357 ± 
(g) 0.1264 0.024 5.999 0.1563 0.032 7.775 0.1897 0.049 " 10.446 0.1385 a 0.029 " 7.074 " 
Epididymides (g) 1.3643 ± 0.3328 ± 68.7173 ± 1.3339 ± 0.3298 ± 68.9905 ± 1.2990 ± 0.3417 ± 65.6413 ± I .3224 ± 0.3529 ± 67.7201 ± 

0.1264 0.0299 6.1035 0.1485 0.0362 7.4278 0.1704 0.0393 7.9133 0.0760 0.0202 3.8274 
Heart (g) l .3026 ± 0.3177 ± 65.6208 ± 1.2680 ± 0.3132 ± 65 .5345 ± 1.1975 ± 0.3156 ± 60.5204 ± 1.2107 ± 0.3223 ± 61.9179 ± 

0.0650 0.0140 2.9566 0.0900 0.0153 3.3326 0.1062 b 0.0249 4.4850 b 0.1000 0.0127 3.8052 
Kidneys (g) 2.4511 ± 0.5964 ± 123.3483 2.4100 ± 0.5950 ± 124.4552 2.2962 ± 0.6048 ± 116.1132 2.2462 ± 0.5980 ± 114.7811 

0.2902 0.0544 ± 13.2567 0.2004 0.0322 ± 6.2574 0.1880 0.0396 ± 8.6270 0.2058 0.0334 ± 6.6965 
Liver (g) 10.3398 2.5192 ± 520.8712 10.1220 2.4973 ± 522.6L48 9.1957 ± 2.4202 ± 465 .0234 8.7667 ± 2.3332 ± 448.0115 

± 0.7257 0.1039 ± 34.8687 ± 1.0965 0.1820 ± 41.4108 0.7975 b 0.1452 ± 37.1198 0.9153 b 0.1627 b ± 35.0781 
b b 

Lungs (g) 1.8906 ± 0.4623 ± 95.6305 ± 1.8822 ± 0.4650 ± 97.3380 ± 1.7779 ± 0.4686 ± 89.8684 ± 1.7717 ± 0.4720 ± 90.5892 ± 
0.1254 0.0266 5.7684 0.1771 0.0380 8.5463 0.1154 0.0277 4.2526 0. L256 0.0181 3.47JO 

Pituitary (g) 0.0138 ± 0.0034 ± 0.6942 ± 0.0129 ± 0.0032 ± 0.6643 ± 0.0129 ± 0.0034 ± 0.6542 ± 0.0133 ± 0.0035 ± 0.6814 ± 
0.0014 0.0003 0.0755 0.0022 0.0005 0.1009 0.0015 0.0003 0.0760 0.0021 0.0005 0.1137 

Prostate (g) 1.1110 ± 0.2714± 55.9817 ± 1.1338 ± 0.2804 ± 58.6542 ± 1.1332 ± 0.2987 ± 57.2497 ± l.0961 ± 0.2935 ± 56.2409 ± 
0.1875 0.0472 9.3903 0.1386 0.0344 7.1842 0.1308 0.0348 5.8199 0.1179 0.0403 7.0662 

Seminal vesicles and 1.8898 ± 0.4601 ± 95.0919 ± 1.7950 ± 0.4421 ± 92.8364 ± 1.9087 ± 0.5031 ± 96.5170 ± 1.8562 ± 0.4948 ± 95 .1747 ± 
coagulating glands (g) 0.2393 0.0493 10.7924 0.2785 0.0560 13.9992 0.2025 0.0516 9.7606 0.2769 0.0705 14.9460 
Spleen (g) 0.7646 ± 0.1863 ± 38.5305 ± 0.7233 ± 0.1791 ± 37.4411 ± 0.6675 ± 0.1755 ± 33.7264 ± 0.6714 ± 0.1786 ± 34.2927± 

0.0674 0.0125 3.403 l 0.0828 0.0221 4.4660 0.0915 0.0192 4.1850 b 0.1010 0.0214 4.2832 
Testes (g) 3.9364 ± 0.9611 ± 198.3755 3.7731 ± 0.9332 ± 195.2016 3.6621 ± 0.9629 ± 185.1202 3.9015 ± 1.0404 ± 199.7008 

0.2414 0.0700 ± 12.7308 0.5431 0.1383 ± 28.1322 0.6412 0.1649 ± 31 .6020 0.2850 0.0643 ± 13.0502 
Thymus (g) 0.2566 ± 0.0626 ± 12.9702 ± 0.2665 ± 0.0661 ± 13 .8596 ± 0.2316 ± 0.0611 ± I l.6819 ± 0.2057 ± 0.0549 ± 10.5278 ± 

0.0465 0.0108 2.5722 0.0563 0.0155 3.3186 0.0490 0.0128 2.3 L 78 0.0337 0.0091 1.6995 
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Table 13. Organ Weight of Male Rats 
Gl. 0 me:/ke:/day G2 500 m!Vk~/day G3, 1000 m!Vk1 'day G4, 2000 m!Vke'day 

Ore:an Abs 

Relative 
to Body 
Weie:ht 

Relative 
to Brain Abs 

Relative 
to Body 
Weie:ht 

Relative 
to Brain Abs 

Relative 
to Body 
Weie:bt 

Relative 
to Brain Abs 

Relative 
to Body 
Weie:bt 

Relative 
to Brain 

Thyroid with 
parathyroids (g) 

0.0300 ± 
0.0059 

0.0073 ± 
0.0013 

1.5089 ± 
0.2780 

0.0271 ± 
0.0046 

0.0067 ± 
0.0012 

1.4030 ± 
0.2366 

0.0326 ± 
0.0063 

0.0086 ± 
0.0017 

1.6523 ± 
0.3406 

0.0300 ± 
0.0059 

0.0080 ± 
0.0016 

1.5410 ± 
0.3156 

•significantly higher than the control group at p < 0.05 . 
bSignificantly lower than the control group at p < 0.05. 
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Cecal enlargement is a common finding in toxicology studies of GOS products. An oral 

dose of2000 mg Oligomate (55% GOS)/kg/day (825 mg GOS/kg/d) in rats increased cecum 

weight over 90 days (Kobayashi et al. , 2009). Cecal enlargement was also seen in male and 

female Wistar rats when fed GOS syrup in diets at levels of 1600, 3200, and 6100 mg/kg/day 

(684, 1368, and 2608 mg GOS/kg/day), and 1800, 3600, and 6900 mg/kg/day (770, 1539, and 

2959 mg GOS/kg/day) in female and male rats, respectively (Lina 1995 in GRN 236). In general, 

feeding GOS at levels from 2.96-20% in the diet of rats will result in an increased cecum weight 

(Kobayashi et al. 2009; Kawakami et al. 2005; Chonan et al. 200 I; Djouzi and Andrieux 1997; 

Kikuchi-Hayakawa et al. l 997; Chonan and Watanuki 1996; Kikuchi et al. 1996; Chonan et al. 

1995; Chonan and Watanuki 1995; Hayashi et al. 1991; Ohtsuka et al. 1990). Chonan and 

Watanuki ( 1996) also found cecal hypertrophy after administering approximately 650 mg 

GOS/kg/day for 30 days. Feeding a diet containing 2% GOS has a similar effect on cecal weight 

increase in pigs (Houdijk et al. 2002). GOS-related effects reported in studies of GOS products 

(cecal weight increase) are well established physiological effects that are consistent with the 

transport of resistant sugars/carbohydrates to the colon and are widely recognized as not being 

toxicologically relevant to humans (WHO, 1987). 

The cecum is not found in humans, although in rats, it is the site of fermentation for non­

digestible substances. Therefore, cecal enlargement along with mucosa! hypertrophy and 

hyperplasia has been observed as a response in several rodent species to feed ingredients other 

than GOS such as modified starches, polyols, some fibers, and lactose; these ingredients share 

the feature of being poorly absorbed and osmotically active (Haschek et al., 2010). Many studies 

have demonstrated that consumption of pectin (Adam et al., 2015), maltitols, glucomannan, 

cellulose (Konishi et al., 1984; Oku, 1997; Oku, 1998), fructans (Nzeusseu, 2006), and wheat 

bran (Jacobs and Schneeman, 1981) can cause mucosa( hyperplasia/hypertrophy of 

caecum/colon in rats. [t is noted that enhanced colonic mucosal growth 

(hypertrophy/hyperplasia) was found in rats fed dietary fiber cellulose and wheat bran that have 

been previously shown to inhibit the development of genotoxin-induced colonic neoplasia in rats 

(Whiteley et al., l 996). It has also been reported that mucosa! hypertrophy in rodents represents a 

physiological adaptation to increased osmotic forces when high doses of indigestible substances 

are consumed; the effect is reversible after test article is withdrawn from the diet (Greaves, 2012; 

Haschek et al., 201 O; Newberne et al., 1988). 

The histopathlogic features of the cecal enlargement noted in the current study are 

indicative of an adaptive response. Mucosal hypertrophy/hyperplasia were characterized by an 

increase in cell density and mitotic activity within the crypts involving diffuse areas of the 

mucosa and/or by the presence of elongated mucosal glands with increased height of surface 

columnar cells. The cytoplasm of epithelial cells had increased basophilia with slightly elongated 
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or vesicular nuclei. Importantly, there were no polyps observed in the caecum. These pathologic 

features are produced by other non-digestible substances which produce characteristic increases 

in cecal crypt depth, circumference, number of crypts and number of cells per crypt in the cecum 

(Lupton and Kurtz 1993). 

Therefore, hypertrophy/hyperplasia without atypical cellular features represents a 

compensatory and adaptive response to a large amount of GOS, consistent with the effects seen 

with other poorly absorbable carbohydrates (Greaves, 2012). Thus, the observed cecal 

hypertrophy/hyperplasia, without evidence of polyps, is considered compensatory and not pre­

neoplastic and, although test article-related, is not considered to be a toxic response. 

In conclusion, the NOAEL for VIT AGOS™ following oral gavage is 4,082 mg/kg body 

weight/day (2,000 mg GOS/kg/day) under the test conditions employed. 

2. Corroborative Subchronic Toxicology Studies 

In GRN 236, a corroborative 90-day toxicology study conducted by Anthony et al. (2006) 

using a GOS product manufactured with ~-galactosidase derived from Bacillus circulans was 

reviewed. In this study, male and female Sprague Dawley rats were gavaged with either water, 

2500, or 5000 mg GOS syrup/kg/day containing approximately 45% GOS(% of total weight), 

resulting in daily intake of 1125 and 2250 mg GOS/kg/day. Although there was a significant 

decrease in feed intake in the rats that had been treated with 5000 mg GOS syrup/kg/day 

compared to the group receiving water, the NOAEL was set at 5000 mg/kg/day of the GOS 

product (equivalent to 2250 mg GOS/kg/day) due to the lack oftoxicologically relevant effects 

on other parameters such as clinical observations, gross necropsies, organ weights, and 

histological examinations. 

In GRN 334, another corroborative 90-day toxicology conducted by Kobayashi et al. 

(2009) using a GOS product manufactured with ~-galactosidases derived from S. singularis and 

K. lactis was reviewed. Male and female Sprague Dawley rats were gavaged with water, 500, 


I 000, or 2000 mg/kg/day of a syrup containing approximately 55% GOS (%dry matter), 


resulting in a daily intake of 206.25, 412.5 , 825 mg GOS/kg. There were no GOS-related 


changes in clinical signs, body weight, water intake, feed intake, urinalysis, ophthalmology, 


hematology, blood chemistry, organ weights or cecum weight, gross pathology, or 


histopathology. The relative and absolute weight of the cecum was higher in the 2000 mg/kg/day 


male group compared to control. The NOAEL was set to 2000 mg/kg/day for the GOS­


containing product equivalent to 825 mg GOS/kg/day. 
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In GRN 620, an unpublished 30-day study in adult rats using a GOS product 

manufactured with a (3-galactosidase derived from A. oryzae and 42-day study in juvenile rats 

conducted by Kobayashi et al. (2014a) using a GOS product manufactured with (3-galactosidases 

derived from S. singularis and K. lactis were summarized. In the unpublished 30-day study, male 

and female rats were gavaged with 0, 500, 1000, or 2000 mg/kg/day of a GOS-containing 

product (46% oligosaccharides), resulting in a daily intake ofO, 230, 450, 900 mg GOS/kg/day. 

There were no deaths, relevant clinical signs, or GOS-related ophthalmological findings reported 

during the study. There were also no differences in body weight, food consumption, organ 

weight, macroscopic, histopathological changes, hematology, coagulation, serum clinical 

chemistry, or urine parameters between groups. The NOAEL was determined to be 2000 mg 

GOS product/kg/day equivalent to 900 mg GOS/kg/day. 

As summarized in GRNs 484, 495, 518, and 569, Desbuards et al. (2012) evaluated the 

effects of perinatal GOS in pregnant mice and their offspring. Pregnant BALB/cj mice were fed a 

control diet or a diet supplemented with a prebiotic mixture containing approximately 1620 mg 

GOS and 400 mg inulin/kg body weight/day, which was calculated based on reported maternal 

feed intake, body weight values, and GOS content of the diet (approximately 45%), during 

gestation and lactation. Although the study was not conducted in accordance with good 

laboratory practices (GLP) and deviated from internationally accepted guidelines, there were no 

significant differences in maternal body weight gain or feed intake during pregnancy between the 

two groups. There were also no differences in the number of offspring per dam between the two 

groups. In the pups, the body weights of the GOS/inulin-treated male pups were significantly 

higher at weaning and at days 2, 40, and 48 post-weaning compared to the male pups receiving 

the control diet. Body length, colon length, and relative thigh muscle weight were also 

significantly higher in the GOS/inulin-treated male pups. No other developmental or 

reproductive toxicological endpoints were examined. 

3. Corroborative Reproductive and Developmental Toxicology Studies 

Additional toxicology studies that corroborate the safety of VITAGOS™ include a 

neonatal rodent toxicity study conducted in juvenile rats and a one-generation reproductive and 

developmental toxicity study (Kobayashi et al., 2014a,b). 

In the study by Kobayashi et al. (2014a), juvenile Sprague-Dawley rats were 

administered the GOS product that was the subject of GRN 334 by gavage for 42 days starting 

on post-natal day 4 at 0, 500, 1000, or 2000 mg/kg/day of a syrup containing approximately 56.9 

% GOS(% dry matter), resulting in a daily intake of213.4, 5426.8, and 853.5 mg GOS/kg. GOS 

consumption was reported to have no effect on the development of the animals and did not affect 
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general condition, hematology, blood chemistry, or the outcome of any functional examinations. 

No abnormalities in any of the groups were observed during the macroscopic examination, 

assessment of organ weights, or histopathology of the reproductive organs. The NOA EL for 

Oligomate GOS in juvenile Sprague-Dawley rats was 2,000 mg/kg/day equivalent to 853.5 mg 

GOS/kg/day (Kobayashi et al., 2014a). 

Kobayashi et al. (2014b) evaluated the developmental and reproductive effects of the 

GOS product that was the subject of GRN 334 in male and female parental rats, pregnant 

females, and their offspring. Male and female Sprague-Dawley rats (24 per sex per group) were 

administered GOS by gavage at doses of 0, 500, l,000, or 2,000 mg/kg/day of a syrup containing 

approximately 56.9 % GOS(% dry matter), resulting in a daily intake of 213.4, 426.8, and 853.5 

mg GOS/kg/day. Males were dosed 10 weeks prior to mating and 3 weeks thereafter; females 

were dosed 2 weeks before mating and GOS administration continued through pregnancy to day 

20 of lactation. GOS consumption did not produce any toxicological effects on male or female 

parental animals and did not adversely affect reproduction/development from premating, 

copulation, implantation, or maintenance of pregnancy. The offspring were unaffected by the 

maternal consumption of GOS. No effects were observed on the number oflive births, sex ratio, 

and external observation at the time of birth, body weight, pup survival, or external 

differentiation during lactation. The NOA EL for reproductive function of male and female parent 

animals was 2,000 mg GOS per kg/day equivalent to 853.5 mg GOS/kg/day (Kobayashi et al., 

2014b). 

4. Other Studies 

Three additional published animal studies were summarized in GRN 620 and corroborate 

the safe ingestion of GOS (Verheijden et al. , 2015; Hogenkamp et al., 2015 ; and Morel et al., 

2015). 

Verheijden et al. (2015) investigated the effect of GOS on the development of allergy in 

adult mice. Mice were maintained on a control diet or a diet containing 1% GOS and after two 

weeks all mice were sensitized to house dust mite with an intranasal administration of I µg 

house dust mite. Seven to 10 days later the mice were challenged intranasally with either 

phosphate buffered saline or 10 µg house dust mite, and airway hyperresponsiveness was 

quantified using EMKA invasive measurement of dynamic resistance (EMKA Technologies), 

and bronchoalveolar lavage fluid cell counts and cytokine and chemokine levels. Compared to 

control diet, the GOS-containing diet reduced airway hyperresponsiveness, bronchoalveolar fluid 

proinflammatory cytokine levels, and eosinophil cell counts, indicating that GOS may reduce the 

risk of developing allergy. 
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Hogenkamp et al. (2015) mated parental female mice that had been maintained on either 

a control diet or 3% GOS/FOS-supplemented diet (9 parts GOS, 1 part FOS) with male mice fed 

the control diet and continued the dietary intervention during gestation. At 6 weeks post­

delivery, the male offspring were then sensitized to ovalbumin (OVA)-induced allergy with an 

intraperitoneal injection of 10 µg ovalbumin adsorbed into 22.5% aluminum hydroxide. The 

allergic response was then provoked 8 wk later with a subcutaneous injection of 12.5 µg OVA in 

the pinnae of one ear. The other ear was injected with saline. The reaction was quantified by 

measuring ear swelling. One week later, the offspring were challenged 3 times with L 0 g/L of 

nebulized OVA and airway responsiveness (lung resistance) was quantified. Importantly, the 

offspring of the GOS/FOS-treated dams showed significantly reduced increases in ear swelling 

compared to the offspring derived from the females that received the control diet. In addition, 

although there were not enough control mice in the study to determine the significance of the 

GOS/FOS diet on airway responsiveness, the airway hyperresponsiveness was less in the 

offspring derived from the GOS/FOS-treated dams. 

Morel et al. (2015) characterized the cecal microbiota of suckling rats that had been 

gavaged with vehicle or a GOS/FOS mixture (9: I ratio), which delivered approximately 2.25 g 

GOS/kg/day, from post-natal day 5 to 14. All rats were weaned to normal chow on day 21. 

Although no safety or tolerance endpoints were assessed, the GOS/FOS mixture increased 

bifidobacteria and decreased firmicutes counts at day 14. By day 131 the distribution of the 

microbiota in the GOS/FOS group resembled that of the suckling rats that received the vehicle 

control. 

D. CLINICAL STUDIES 

Numerous clinical studies have been conducted in infants and adults to support the safe 

use of GOS in infant formulas and conventional foods. Importantly, these studies included 

endpoints that evaluated the effects of GOS on fecal microflora, gastrointestinal physiology, the 

immune system, and tolerance. Although some of the studies are unpublished, all have been 

extensively summarized in GRAS Notifications 236, 285, 286, 334, 484, 489, 495, 518, and 620. 

In general, GOS are well tolerated, and have been reported to increase the abundance of 

bifidobacteria and lactobacilli in the gastrointestinal tract in infants and adults, increase fecal 

short-chain fatty acid concentrations in infants and adults, improve stool consistency in infants, 

reduce the incidence of atopic dermatitis in infants, and alleviate the symptoms of irritable bowel 

syndrome in adults (Silk et al., 2009; Vulevic et al. , 2008 ; Depeint et al., 2008; Bouhnik et al ., 

2004; Ito et al., 1990; Gopal et al., 2003 ; Fanara et al., 2009; Walton et al ., 2012; Moro et al ., 

2006; Schmelzle et al., 2003). 
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1. Studies Conducted in Infants 

The use level of 7.2 g GOS/Lin infant formulas was proposed by GTC Nutrition in GRN 

286, which received a " no questions" letter from the FDA in 2009. To support the safety of GOS 

for the intended use, GTC summarized published clinical studies conducted in infants and 

showed the 7.2 g/L GOS in combination with 0.8g/L FOS had no adverse effects. Since then, the 

use level of GOS in infant formulas has been the subject of five additional GRAS notifications 

and the use levels have been increased to 7.8 g/L (GRN 334, GRN 489, GRN 495, GRN 569, 

GRN 620). All GRNs provided updates of the published studies the support the intended use of 

GOS in infant formulas and received "no questions" letters from FDA. 

Since GRN 620 was filed with the FDA, two additional studies in healthy term infants, 

one study in term infants with a positive history of allergy, and one study in healthy children 

have been published (Matsuki et al., 2016; Civardi et al., 2015; Bozensk)' et al., 2015 ; Pontes et 

al., 2016) The experimental details and results from these newly published studies are 

summarized in Table 14. Consistent with the results reported in the clinical trials summarized in 

previous GRAS Notifications, GOS-containing infant and follow-on formulas are well-tolerated. 
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Table 14. Recent Studies of GOS Ingestion in Infants 
,_ 	 ,_ 
Study Design and Treatments (Numbers of 

Reference Population Subjects} Safety Parameters 
Civardi et al., 2015 

Duration 
Group I (Control): Formula; Randomized, double­ 135 days Withdrawals: 


blind, placebo- controlled 
n=59 • 62 subjects were enrolled in Group I 
trial in healthy full-term Group 2: Formula enriched • 55 subjects were enrolled in Group 2 
infants (<12 months of with 7g GOS/L, ~-palmitate, • Compliance was similar for both groups 
age) and acidified milk; n=51 • 	 Three subjects were lost to follow-up in Group I 

• Four subjects were lost to follow-up in Group 2 
Adverse Events: 

• 	 Only gastrointestinal adverse events were evaluated; those that were 
reported were mild and there were no differences between the two groups. 

• 	 No drop-outs due to adverse events occurred . 

• No severe adverse events were reported . 
Tolerance: 

• 	 Mean number of stools/day was similar between the two groups . 

• Frequency of intestinal gas and bowel cramps were similar in both groups . 
Growth Parameters: 

• 	 Weight change was similar in the two groups . 

• 	 Length change was similar in the two groups . 

• Head circumference was similar in the two groups . 
Other Parameters: 

• 	 Clostridia counts (determined by quantitative PCR) were similar in the two 
groups. 

• 	 Bifidobacteria counts (determined by quantitative PCR) were significantly 
increased (p< 0.05) in Group 2. 

Matsuki et al., Group I (Control) : Formula 14 days Withdrawals: 
2016 

Randomized, double-
with dextrins; n= J4blind, placebo- controlled • Eighteen subjects were enrolled Group I 

trial in healthy full-term • Seventeen were enrolled in Group 2 
infants Group 2: Formula with 3 g • Compliance was similar for both groups . 
(<12 months ofage) GOS/L; n= 16 • 	 Four subjects withdrew in Group I . 

• One subject withdrew in Group 2 . 
Note: Supplementation with • 	 Withdrawals were due to introduction ofprobiotics, change in feeding, or a 
up to 20% breast milk was parental decision. 
permitted Adverse Events: 

• 	 Adverse side effects were monitored and none were reported . 
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Table 14. Recent Studies of GOS Ingestion in Infants 

Study Design and Treatments (Numbers of 
Reference Subjects)Pouulation Duration Safety Parameters 

Tolerance: 

• 	 There were no significant differences between the groups in fecal short-
chain fatty acid levels, pH, or stool frequency . 

Other Parameters: 

• 	 Abundance ofbifidobacteria significantly increased (p<0.05) in the GOS-
treated group compared to the control group. 
At the species level, there were no si1mificant chances in the bifidobacteria . • 

Bozensky et al. , Randomized, placebo- Group I (Control) : Formula 6 months Withdrawals : 
2015 controlled trial in term with hydrolyzed protein; n= • 	 60 subjects were enrolled in each group. 

infants with a positive 51 • 	 Compliance was similar for both groups . 
history of allergy (atopic • 	 Nine subjects withdrew in Group I (four did not adhere to the protocol ; five 
eczema, allergic rhinitis, Group 2: Formula with discontinued due to intolerance. 
and/or asthma) in their hydrolyzed protein • 	 Eight subjects withdrew in Group 2 (four did not adhere to the protocol; one 
parents or siblings supplemented with 5g GOS/L; was excluded due to another serious illness; three did not tolerate the 
( <12 months of age) n=52 product. 

• 	 Withdrawals were due to introduction of probiotics, change in feeding, or a 
parental decision. 

Adverse Events: 

• None were reported . 
Tolerance: 

• 	 There were no significant differences between the groups in stool, vomiting, 
or crying frequency. 

• 	 GOS significantly reduced (p<0.05) stool consistency (watery, runny, and 
mushy) . 

Other Parameters: 

• 	 There was no significant difference in atopic symptoms as judged by the 
SCORAD (Scoring Atopic Dermatitis) values. 
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Table 14. Recent Studies of GOS Ingestion in Infants 

Reference 

-
Study Design and 
Pooulation 

Treatments (Numbers of 
Subiects) Duration Safety Parameters 

Pontes et al. , 2016 Randomized, double-
blind, placebo-controlled 
study in healthy children 
(I to 4 years old) 

Group I (Control): Cow's 
milk-based beverage; n= 131 

Group 2: Cow's milk-based 
beverage containing 30 mg of 
docosahexanoic acid, 1.2 g 
blend ofpolydextrose and 
GOS (I : I) ratio, and 8.7 mg of 
yeast p-glucan per serving; 
n=l25 

28 days Withdrawals: 

• Two subjects withdrew in Group I 

• Five subjects withdrew in Group 2 

• Reasons for withdrawal were not reported . 
Adverse Events: 

• Ninety-nine types of adverse events were reported; only the occurrence of 
thrush was significantly increased in Group 2. 

• Ten subjects in the Group I experienced at least on serious adverse event 

• Two subjects in Group 2 reported at least one serious adverse event 
Tolerance: 

Children were to consume the 
products 3x/day; GOS intake 
= 1.8 g/day 

• Average daily intake of the products during the study was not significantly 
different between the groups. 

• There was no difference in the incidence of acute respiratory infections or 
diarrheal disease (2'.: liquid or semi-liquid stools in 24 hr with fever and/or 
vomiting and/or dehydration and compromised general status) between the 
groups. 

• Group 2 had significantly less allergic manifestations (allergic rhinitis or 
conjunctivitis, wheezing, allergic cough. eczema, and urticaria) than Group 
I. 

• Group 2 had significantly softer stools (p<0.05) compared to Group I in the 
first 3 months of the study. 

• Eight of the 98 subjects that were 12- 24 month were constipated; all were in 
the control group; five remained constipated at the end of the trial. 

• In the children 25 to 48 months old, there was no significant difference in 
the percentage of children who remained constipated at the end of the study. 

Other Parameters: 

• In both groups there was significant increase from baseline to end of study 
in weight- and length/height-for-age z scores; there was no difference 
between the groups. 

• There were no differences between the two groups in fecal lgA, serum IL­
10, TGF-pl, TGF- p2, IL-4, and IFNy, and stool parasites. 

• There were no significant differences in serum zinc and ferritin , hemoglobin, 
hematocrit, red blood cells, white blood cells, and olatelets. 
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Studies Conducted in Adults 

New Fr

2. 

ancisco Biotechnology Corporation proposed increasing the use level to 11 

g/serving in conventional foods in GRN 518. GRN 518 subsequently received a "no questions" 

letter from FDA in 2014. To support the safety of GOS for the intended use and at the intended 

use level, New Francisco Biotechnology Corporation incorporated by reference the information 

summarized in GRNs 236, 285, 286, and 334, and summarized the clinical studies conducted in 

adults that were published from 2010 to 2014. Since GRN 518, GRN 569 and 620 were filed 

with the FDA. Both GRN 569 and 620 provided updates of published studies. GRN 569 received 

a "no questions" letter in 2015 whereas GRN 620 is stiH in review. Importantly, no additional 

clinical studies involving adults have been published since the filing of GRN 620. 

E. ALLERGENICITY 

The basic requirement of an allergic reaction is the antigen-mediated cross-linking of 

antigen-specific lgE antibodies bound to Fe receptors expressed on the surface of mast cells and 

basophils. The crosslinking then induces mast cells and basophils to degranulate, releasing 

histamine and leukotrienes into the extracellular matrix, causing capillary venule dilation, 

endothelium activation, and increased vascular permeability, redness and swelling. lfthe antigen 

is systemic or rapidly absorbed, histamine and leukotriene release is widespread and can result in 

anaphylaxis and potentially death. Importantly, antigen-specific IgE antibodies are generated 

during a primary immune response to the antigen and only when the antigen-specific lgE 

reencounters the sensitizing antigen or an antigen that mimics the sensitizing antigen, does an 

allergic response develop. [t is also important to note that environmental stimuli and genetics are 

currently believed to be contributing factors to the development of allergy (reviewed in Wang 

and Sampson, 2011 ). 

The allergenicity of GOS has been summarized in an amendment to GRN 236 and in 

GRN 620. Two case series documenting 21 cases of allergic reactions associated with the 

ingestion of GOS are publicly available, Vo et al. (2012) and Chiang et al. (2012), and were 

reviewed in an amendment to GRN 236. More recently two additional studies have been 

published and are summarized in GRN 620 (Kaneko et al. , 2014; Soh et al., 2015). 

Vo et al. (2012) identified 17 cases of allergic reactions to ingested milk products in 

Vietnam from October 9 to October 28, 2009. All subjects were Vietnamese and 16 of the 17 

cases had consumed milk containing GOS. The median age of the 17 subjects was I 0 years old 

(range 2 to 15 years old). Four subjects were allergic to various foods, but not milk. Twelve 

subjects developed symptoms within 20 minutes and 3 subjects developed symptoms I, 6, and 49 
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hr after consuming the milk product. The most frequent symptom was an itchy maculo-papular 

skin rash (94%). Three subjects experienced difficult breathing. The source of the GOS in the 

supplemented milk was not disclosed. Importantly, a case-by-case description of the reactions 

was not provided, making it difficult to interpret the results. Moreover, in a case-control study of 

50 neighborhood controls, the methods were not reported and the specific allergens and/or 

provoking substances were not identified. 

Chiang et al. (2012) identified five cases (four subjects were Chinese and one was 

Malaysian) in Singapore from December 2007 to January 2012. The age of the subjects ranged 

from 5 year to 38 years old . All the subjects were tolerant to cow's milk, had no known previous 

exposure to GOS, and reacted to a cow's milk product supplemented with Vivinal® GOS, which 

is the subject of GRN 236 and manufactured using a p-galactosidase derived from B. circulans 

by FrieslandCampina Domo. There were no deaths and all subjects were treated with different 

combinations of antihistamines, steroids, ~2-agonists, adrenaline, and/or oxygen. Subsequent 

testing of the five cases showed that they were all reactive to GOS with a degree of 

polymerization (DP) of three and greater via skin prick testing. Jn vitro studies also revealed that 

basophils harvested from each of the subjects increased cell surface expression of the activation 

marker CD203c in a GOS- and dose-dependent manner. Subsequent in vitro studies using 

different GOS fractions showed that the basophil reactivity increased in a DP-dependent manner 

with GOS of DP greater than 4 being more potent than GOS with a DP less than 4. Although 

serum levels of GOS-specific IgE levels were not determined directly, indirect basophil 

activation studies showed that the sera of two of three GOS-reactive subjects conferred GOS­

reactivity to otherwise GOS-tolerant basophils, suggesting that the allergic responses induced 

following the ingestion of GOS were IgE-mediated. 

Soh et al. (20 l 5) conducted a clinical study to evaluate the prevalence of allergy to two 

different formulations of GOS, Vivinal® GOS and Oligomate GOS. For reference, Vivinal® 

GOS is manufactured a P-galactosidases derived from B. circulans and Oligomate GOS is 

manufactured using P-galactosidases derived from S. singularis and K. lactis (GRN 236; GRN 

334). Four hundred eighty-seven individuals, 5 years and older and with no history of cow' s milk 

or GOS allergy were recruited from allergy clinics in Singapore with eczema, asthma, allergic 

rhinitis, and food allergies and enrolled in the study. Reactivity to GOS was determined using 

skin prick tests, basophil activation assays, and open oral challenges. Skin prick testing identified 

thirty subjects that were reactive to Vivinal® GOS. In subsequent basophil activation testing, 15 

of the 30 had positive skin prick tests to Vivinal® GOS. Reactivity to Oligomate GOS via skin 

prick and basophil activation testing was not determined. Thirteen of the 30 subjects that had 

positive skin prick tests also consented to oral challenges with Vivinal® GOS and Oligomate 
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GOS. Six of these 13 subjects reacted to Vivinal® GOS in oral challenges (five in the basophil 

activation test (BAT) positive group and one in the BAT negative group) whereas none reacted 

to Oligomate GOS. Thus, Soh et al. estimated the prevalence of Vivinal® GOS allergy to be as 

great as 3.5 % in the Singapore atopic population. Moreover, Soh et al. speculated that the 

variable reactivity to GOS products may be due to structural differences in GOS products. 

To identify the allergenic epitopes in GOS and a potentially hypoallergenic form of GOS, 

Kaneko et al. (2014) compared the allergenicity of six different GOS preparations manufactured 

with different p-galactosidases and manufacturing conditions, in blood harvested from three 

Japanese adults reported to have anaphylactic reactions to GOS, and histamine-release assays. 

Two of the adults were reported to be reactive to GOS manufactured with a p-galactosidase 

derived from B. circulans and the other adult was reported to be reactive to GOS manufactured 

with a p-galactosidase derived from A. oryzae. The GOS preparations included a GOS product 

manufactured using a combination of p-galactosidases derived from A. oryzae and Streptococcus 

thermophilus, three different GOS products manufactured using a P-galactosidase derived from 

B. circulans, one GOS product manufactured with a P-galactosidase derived from 

Sporobolomyces singu.laris, and one GOS product manufactured with a combination of P­

galactosidases derived from S. singu.laris and K. lactis. A comparison of the histamine release 

induced by a GOS product manufactured with P-galactosidases derived from A. oryzae and S. 
thermophilus and GOS product manufactured with P-galactosidase derived from B. circulans 

using blood harvested from the two subjects that were reported to be sensitive to GOS 

manufactured using a p-galactosidase derived from B. circu/ans showed that the histamine 

release induced by GOS product manufactured with p-galactosidase derived from B. circulans 

required more than I 00-fold less than the GOS product manufactured with A. oryzae and S. 

thermophilus. Importantly, the histamine releases induced with the GOS product manufactured 

with p-galactosidases derived A. oryzae and S. thermophilus were deemed to be either negative 

(less than I0%) or pseudonegative (I 0-15%). In addition, the GOS produced using a 

combination of P-galactosidases derived from A. oryzae and S. thermophilus failed to induce a 

positive histamine release when combined with blood harvested from the one patient that was 

reported to be sensitive to a GOS manufactured with p-galactosidases derived from A. oryzae 

and S. thermophilus. Subsequent histamine release assays using tri- and tetra-saccharides 

obtained from one of the GOS products manufactured with the p-galactosidase derived from B. 

circulans revealed: 1) that trisaccharides of Gal-PC 1-4)-Gal-P(l-3)-Glc and Gal-PC 1-4)-(Gal-P( 1­

6))-Glc were either negative (less than 10%) or pseudonegative (10-15%) for inducing histamine 

release at all concentrations tested (0.1 to I 00 µg/ml); 2) the trisaccharide Gal-P(l-4)-Gal-P(l-4)­

Glc induced approximately 20% histamine release in only one of the B. circulans P­

galactosidase-manufactured GOS-sensitive subjects patients at the highest dose tested (I 00 
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µg/ml); and 3) tetrasaccharides were at least 10-fold more potent than the most potent 

trisaccharide (Gal-P(l-4)-Gal-P(l-4)-Glc) at inducing positive histamine release in the B. 

circulans p-galactosidase-manufactured GOS-sensitive subjects. Additionally, a linear 

tetrasaccharide GOS with the structure ofGal-P(l-4)-Gal-P(l-4)-Gal-P(l-3)-Glc and a branched 

tetrasaccharide GOS with a structure of Gal-P(l-4)-(Gal-P(l-4)-Gal-P(l-6))-Glc were more 

potent than a linear GOS tetrasaccharide with a structure of Gal-P( 1-4)-Gal-P(l-4)-Gal-P(l-4)­

Glc. No other tetrasaccharides were tested and similar studies using tri- and tetra-saccharide 

fractions of GOS manufactured with the combination of p-galactosidases derived from A. oryzae 

and S. thermophilus were not conducted. These results are consistent with the results reported by 

Chiang et al. (2012) and that suggest that GOS manufactured with a p-galactosidase derived 

from B. circulans may be at least 100-fold more potent at inducing allergenic responses in 

patients sensitized to GOS manufactured using a p-galactosidase derived from B. circulans than 

the GOS manufactured with a combination of p-galactosidases derived A. oryzae and S. 

thermophiles. Moreover, the linear and branched tetrasaccharide GOS with the structures of Gal­

p( 1-4)-Gal-P( 1-4)-Gal-P(l-3)-Glc and Gat-p( 1-4)-(Gal-P( 1-4)-Gal-P( 1-6)-Glc in the GOS 

product manufactured using a p-galactosidase derived from B. circulans appear to be potent 

inducers of histamine release in allergic subjects. 

Importantly compositional studies have shown that the type of p-glycosidic bonds present 

in GOS is dependent on the type of P-galactosidases used during production (Yanahira et al., 

1995; Greenberg and Mahoney, 1983 ; Martinez-Villaluenga et al., 2008; Rodriguez-Colinas et 

al., 2011 ; Rodriguez-Colinas et al. , 2012; Rodriguez-Colinas et al. , 2014; Urrutia et al. , 2013 ; 

Kaneko et al ., 2014). Specifically, GOS manufactured with p-galactosidase derived from B. 

circulans, S. singularis, or a combination ofS. singularis and K. lactis contain predominantly 

oligosaccharides with 1-4 p-glycosidic bonds (Rodriguez-Colinas et al., 2011 ; Rodriguez­

Colinas et al. , 2012; Kaneko et al. , 2014; Yanahira et al., 1995) whereas GOS manufactured with 

p-galactosidases derived from K. lactis, A. oryzae, S. thermophilus, or a combination of P­

galactosidases derived from A. oryzae and S. thermophilus contain predominantly 

oligosaccharide chains with 1-6 p-glycosidic bonds (Greenberg and Mahoney, 1983; Martinez­

Villaluenga et al., 2008; Rodriguez-Colinas et al., 2011 ; Rodriguez-Colinas et al., 2012; 

Rodriguez-Colinas et al., 2014; Kaneko et al ., 2014; Urrutia et al., 2013). To understand the 

types of p-glycosidic bonds present in VIT AGOS™, the structures and relative percentages of 

the different saccharide species were confirmed by high performance size exclusion 

chromatography (HPSEC), high performance anion exchange chromatography (HPAEC)-PD, 

methylation analysis and ID and 20 nuclear magnetic resonance (NMR). Although 

VIT AGOS™ contains glucose, galactose, and lactose; the bulk of the saccharide fraction is GOS 

(Table 15). Trisaccharide GOS are the predominant GOS species followed by tetrasaccharide 
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GOS. GOS species with a DP greater than 5 constitute less than 3.3%. The GOS species in the 


DP2 fraction contain 1-2, 1-3, 1-6 p-glycosidic linkages, whereas the three species in the DP3 


contain either a combination of 1-6, 1-4, and 1-3 p-glycosidic linkages, or only 1-4 linkages. Tn 


contrast, the DP4 fraction contains three GOS species with combinations of 1-6, 1-4, and 1-3 


linkages. Importantly, the structures of almost all oligosaccharides in the different DP fractions 


were characterized and VIT AGOS™ does not contain linear tetrasaccharides with either only 1-4 


linkages or branched tetrasaccbarides with a combination of 1-4 and 1-6 linkages, which were 


proposed by Kaneko et al. (2014) to be the species responsible for inducing the GOS-related 


allergic reactions. Additionally, the linear trisaccharide GOS containing only 1-4 linkages 


represents only a minor fraction of the overall saccharide content of VITAGOS™. 
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Table 15. Saccharide Species in VITAGOS™ 
Percent of 

the DP 
Fraction in 

the Percent of Each 
Saccharide Species in Each 

Saccharide Fraction of DP Fraction of 
<DPl VITAGOSTM2 Saccharide Species VITAGOSTM1 

Monosaccharide Galactose 10.6 

(DP!) 19.9 Glucose 89.4 

Total 100 

pGal(l-->4)Glc (lactose) 34.2 

pGal( l-->6)Glc• (GOS) 30.5 

PGal(l-->6)Gal (GOS) 11.l 

Disaccharides pGal(l-->3)Glc (GOS) 9.7 
(DP2) 32.1 

PGal(l-->3)Gal (GOS) 9.7 

pGal( l-->2)Glc (GOS) 4.7 

Other Trace 

Total 99.9 

PGal( l-->6)PGal( l-->4)Glc 1 (GOS) 63 .2 

PGal(l-->3)pGal(l-->4)Glc (GOS) 25 
Trisaccharides 

33.5 pGal( 1---->4}PGal( 1---->4)Glc (GOS) (DP3) 11.8 

Others Trace 

Total 100 

pGal( l -->6)pGal( l -->6)pGal( 1---->4)Glc• 
40.9

(GOS) 

Tetrasaccharides 
pGal( l-->6)pGal( I->3)pGal( 1---->4)Glc 

37(GOS) 
(DP4) 11.2 pGal( 1--+6)pGal( l -->4)PGal( 1--+4)Glc 

(GOS) 22.2 

Others Trace 

Total 100. l 
Pentasaccharides 

3.3 ND (GOS) c 
(> DP5) -
GOS = galacto-oligosaccharides; DP = Degree of Polymerization; ND= Not Determined. 

Percent of Each 
Species in the 

Saccharide 
Fraction of 

VITAGOSTMl 
2.1 

17.8 

19.9 

11.0 

9.8 

3.6 

3.1 

3.1 

1.5 

Trace 

32.1 

21.2 

8.4 

4.0 

Trace 

33.5 

4.6 

4.1 

2.5 

Trace 

11.2 

3.3 

'Obtained from the results of methylation analysis and confirmed by peak integration of 1H NMR spectroscopy 
performed on one batch ofVITAGOS™. 
2Deduced from HPSEC analysis based on relative peak area. 
3Values were calculated by dividing the percent of each species in each DP fraction of VITAGOS™ by 100 and 
multiolving the quotient bv the oercent of the DP fraction in the saccharide fraction ofVITAGOS™. 
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Taken together the characterization studies of VIT AGOS™ confirm the results from 

other published studies showing that GOS manufactured with a p-galactosidase derived from A. 

oryzae contains oligosaccharide chains having predominantly with l-6 p-glycosidic bonds. The 

studies also show that VITA GOS™ contains small amounts of Gal-P(l-4)-Gal-P(l-4)-Glc and 

does not contain Gal-PC l-4)-Gal-P(l-4)-Gal-P( 1-3)-Glc, Gal-P( 1-4)-Gal-P( l-4)-Gal-P( 1-4)-Glc, 

or Gal-P(l-4)-(Gal-P(l-4)-Gal-P(l-6))-Glc, all of which have been implicated in provoking the 

allergic reactions to GOS in Southeast Asia. Importantly, Gal-P(l-4)-Gal-P(l-4)-Glc is present in 

other GOS products that have not been associated with allergic reactions and is not a potent 

inducer of histamine release in B. circulans p-galactosidase-manufactured GOS-sensitive 

subjects (Kaneko et al. , 2014). These data therefore show that VIT AGOS™ does not contain the 

GOS species that are believed to be responsible for inducing the GOS-mediated allergic 

reactions. 

In summary, GOS-containing products have been available worldwide for over a decade 

and only a small number of allergic reactions have been reported in subjects 5 years and older 

residing in Southeast Asia. Moreover, there is no evidence indicating that GOS itself is a 

sensitizing antigen because all cases of allergic reactions were in subjects ' who had no known 

reactivity to GOS (Vo et al., 2012; Chiang et al. , 2012; Kaneko et al., 2014; Soh et al. 2015). In 

addition, GOS allergenicity is confined only to those products containing GOS that has been 

manufactured using a P-galactosidase derived from B. circulans and in vitro studies suggest that 

tetrasaccharides with structures of Gal-P(l-4)-Gal-P(l-4)-Gal-P(l-3)-Glc and Gal-P(l-4)-(Gal­

PC 1-4)-Gal-P( 1-6)-Glc may be responsible for these reactions. VIT AGOS™ is manufactured 

with A. oryzae and K lactis and biochemical studies conducted by Vitalus Nutrition lnc. confirm 

that the product does not contain these species (Table 15). Therefore, it is unlikely that 

VIT AGOS™ in general will provoke GOS allergic responses. 

F. REGULATORY APPROVALS ACROSS THE WORLD 

Tn the United States, a total of seven GOS-containing products have been determined 

GRAS for use in infant formulas and selected conventional foods at levels up to 7.8 g/L and 11 

g/serving, respectively, and resulted in ten GRAS Notifications (GRN 236, 285, 286, 334, 484, 

489, 495, 518, 569, and 620). All GRAS Notifications have received "no questions" letters from 

the FDA. 

Tn the European Union, GOS is approved for use in infant and follow-on formulas in 

combination with fructo-oligosaccharides (FOS) at levels up to 8 g (90% GOS and 10% FOS)/L 

(7.2 g GOS and 0.8 g FOS/L) (Commission Delegated Regulation (EU) 2016/127). 
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In Australia and New Zealand, GOS is permitted in infant and follow-on formulas at 

levels up to 290 mg/ I 00 kJ, or approximately 8 g/L (Australia New Zealand Food Standards 

Code- Standard 2.9.1 - 7) . 

In Japan, GOS have been commercially available since 1995 and are considered as Food 

for Specified Health Uses (FOSHU). 
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B. 	 EXPERT PANEL STATEMENT 

We, the members of the Expert Panel, qualified by scientific training and experience to 

evaluate the safety of substances directly or indirectly added to food, have performed a 

comprehensive and critical review of available information and data on the safety and Generally 

Recognized As Safe (GRAS) status of the use of VITAGOS™ as an ingredient in powdered, 

ready-to-feed and concentrated liquid versions of milk-based non-exempt term infant formulas, 

and selected conventional foods. This GRAS determination for the use of GOS for the intended 

uses specified above has been shown to be safe and GRAS, using scientific procedures, under the 

Federal Food, Drug, and Cosmetic Act (FFDCA), as described under 21 CFR §170.30(b). The 

safety of the intake ofVITAGOS™ has been determined to be GRAS by demonstrating that the 

safety of this level of intake is generally recognized by experts qualified by both scientific 

training and experience to evaluate the safety of substances directly added to food, and is based 

on generally available and accepted information. 

The proposed use of VITAGOS™ as an ingredient for the intended uses in foods and 

infant formulas has been determined to be safe through scientific procedures set forth under 21 

CFR § l 70.30(b) based on the following: 

1. 	 GOS are non-digestible oligosaccharides consisting of 1 to 7 galactose units linked 

via p( 1-2), PC 1-3), PC 1-4), or PC 1-6) glycosidic bonds to either a terminal glucose or 

galactose. Although tri- to hexa-saccharides with 2 to 5 galactose units (degree of 

polymerization (DP) of 3 to 6) tend to be the main components of GOS-containing 

products, disaccharides (DP2) consisting of galactose and glucose with different P­
glycoside bonds from lactose are also present and defined as GOS because they 

have physiological characteristics that are similar to longer GOS. 

a. 	 VITAGOS™ is a GOS-containing product manufactured using lactose and P­
galactosidases derived from Aspergillus oryzae and Kluyveromyces lactis in a 
manner similar to other GOS-containing products that have received "no 

questions" letters from the United States Food and Drug Administration. 

b. 	 All processing aids used to produce VITAGOS™ comply with appropriate 

federal regulations. 

c. 	 A comparison of the manufacturing processes and product specifications for 

VITAGOS™ and other GOS-containing products shows that VJT AGOS™ is 

essentially equivalent to the other GOS-containing products currently marketed 

in the United States for use in infant formulas and conventional foods. 
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2. 	 GOS are transported through the upper gastrointestinal tract to the colon where they 

are fermented by the resident microbiota into short-chain fatty acids, carbon dioxide, 

methane, and hydrogen. 

3. 	 GOS present in food are either naturally occurring in human milk and colostrum, 
bovine colostrum, and fermented milk products or synthetic, which are then added to 

the food during processing and formulation. 

4. 	 Synthetic GOS have a long history of use worldwide. 

a. 	 In Japan, GOS have been commercially available since 1995 and are 

considered as Food for Specified Health Uses (FOSHU). 

b. 	 In the United States, the first GOS product was determined GRAS for use in 

term infant formula and selected conventional foods, and received a "no 

questions" letter from the FDA in 2008 (GRN 236) . Since then, six additional 
GOS-containing products have been determined GRAS for use in infant 

formulas and selected conventional foods at levels up to 7.8 g/L and 11 

g/serving, respectively, resulting in ten GRAS Notifications (GRN) to the FDA 

(GRN 236, 285, 286, 334, 484, 489, 495, 518, 569, and 620). 

c. 	 In the European Union, the safety of GOS was reviewed by the Scientific 

Committee on Food (SCF) in 2003 and was approved for use in infant and 

follow-on formulas in combination with fructo-oligosaccharides (FOS) at 

levels up to 8 g (90% GOS and I 0% FOS)/L (7.2 g GOS and 0.8 g FOS/L) 

(Select Committee on Food EU 2016/ 127). 

d. 	 In Australia and New Zealand, the safety of GOS was reviewed by the Food 

Standards of Australia and New Zealand (FSANZ) in 2008 and is permitted in 

infant and follow-on formulas at levels up to 290 mg/100 kl, or approximately 

8 g/L (Australia New Zealand Food Standards Code - Standard 2.9.1 - 7). 

5. 	 The safety ofVITAGOS™ was determined in a pivotal published 90-day toxicology 

study that identified a no observed adverse effect level (NOAEL) of 4082 mg/kg/day 

(2000 mg GOS/kg/day), which was the highest dose tested. 

6. 	 The safety of VlTAGOS™ was corroborated by multiple subchronic, 

developmental, reproductive, and genotoxicology studies conducted on other GOS­

containing products. 

7. 	 GOS-containing products are well tolerated in humans and have been reported to 

increase the abundance of bifidobacteria and Iactobacilli in the gastrointestinal tract 

in infants and adults, increase fecal short-chain fatty acid concentrations in infants 

and adults, improve stool consistency in infants, reduce the incidence of atopic 
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dermatitis in infants, and aJleviate the symptoms of irritable bowel syndrome in 

adults. 

8. 	 GOS is available worldwide and, although GOS-containing products have been 

reported to provoke allergic reactions in sensitized individuals living in Vietnam and 

Singapore, there have been no reported reactions to GOS-containing products 

outside of Vietnam and Singapore. Thus, the reported cases likely represent unique, 

rare, geographically localized allergic reactions to GOS-containing products. 

9. 	 The addition ofVITAGOS™ to infant formula at 7.2 g GOS/Lis the same use level 

of other GOS products in infant formula that have been determined GRAS and 

received "no questions" letters from the FDA (GRN 286, 334, 569) and will result in 

intakes of approximately 5 .1 and 6. 9 g GOS/day for one-month-old and six-month­

old infants, respectively. 

LO. 	 VITAGOS™ will be used as an alternative source of GOS in selected conventional 

foods at the intended use levels specified for Oligomate in GRN 334. Thus, the 

dietary exposure to VITAGOSTM from the intended uses will not increase GOS­

intake in the United States. The estimated mean and 90th percentile exposure to 

VITAGOS™ from the intended uses in selected conventional foods are 12.2 and 
25.3 g per person per day (g/p/d), respectively. 

Determination of the GRAS status of VITAGOS™ under the intended conditions of use 

has been made through the deliberations of Roger Clemens, DrPH, CNS, CFS, F ACN, FIFT, 

A. Wallace Hayes, PhD, DABT, FATS, ERT, CNS, F ACN, and Thomas Sox PhD, JD. These 

individuals are qualified by scientific training and experience to evaluate the safety of food and 

food ingredients. These experts have carefully reviewed and evaluated the publicly available 

information summarized in this document, including the safety of VITAGOS™ and the human 

exposure to VITAGOS™ resulting from its intended use as an ingredient in powdered non­

exempt term infant formula and selected conventional foods: 

There is no evidence in the available information on VITA GOS™ that demonstrates, or 

suggests reasonable grounds to suspect, a hazard to the public when VITAGOS™ is used 

at levels that might reasonably be expected from the proposed applications of 

VITA GOS™ for use in powdered non-exempt term infant formulas and selected 

conventional food as proposed by Vita/us Nutrition Inc. 

Therefore, VIT AGOS™ is safe and GRAS at the proposed levels of addition to the 

intended foods. VITAGOS™ is, therefore, excluded from the definition of a food additive, and 

may be used in the U.S. without the promulgation of a food additive regulation by the FDA 

under 2 l CFR. 
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GRAS Expert Panel Member 
Harvard School of Public Health 

Thomas E. Sox, PhD, JD 
GRAS Expert Panel Member 
Principal, Pondview Consulting LLC 

Claire Kruger, PhD DABT 
Scientific Advisor to the Panel 
ChromaDex Spherix Consulting 

Signature: . 


Date: June 8, 2017 


Signature: 


Date: June 8, 2017 
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, 
Signature:_ 
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Signature: 
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From:	 Claire Kruger 
To:	 Morissette, Rachel 
Cc:	 Dietrich Conze; Kathy Brailer 
Subject:	 RE: question regarding submitted GRAS notice on galacto-oligosaccharides 
Date:	 Monday, August 21, 2017 12:06:32 PM 
Attachments:	 image007.png 

image008.png 
image010.png 

Dear Rachel:
 
None of the intended uses involve products under the jurisdiction of the U.S. Department of
 
Agriculture (meat, poultry, egg products, catfish).
 
Best regards,
 
Claire
 

Claire Kruger, PhD, DABT, CFS 
President 
Senior Director Regulatory Affairs 

ChromaDex Spherix Consulting 
11821 Parklawn Drive, Suite 310 
Rockville, MD 20852 

Tel: +1-301-230-2181 
Fax: +1-301-230-2188 
Mobile: +1-240-565-5501 
ClaireK@chromadex.com 
www.spherixconsulting.com 

From: Morissette, Rachel [mailto:Rachel.Morissette@fda.hhs.gov] 
Sent: Monday, August 21, 2017 11:39 AM 
To: Claire Kruger <ClaireK@chromadex.com> 
Subject: question regarding submitted GRAS notice on galacto-oligosaccharides 

Dear Dr. Kruger,
 My name is Dr. Rachel Morissette and I am the Consumer Safety Officer assigned to your recently 

submitted notice on behalf of Vitalus Nutrition Inc. for the intended use of galacto-oligosaccharides in 
infant formula and other conventional foods. Before I can issue your filing letter, can you please confirm if 
any of your intended uses involve products under the jurisdiction of the U.S. Department of Agriculture 
(meat, poultry, egg products, catfish)? Thank you for your attention to this matter. 

Best regards, 

Rachel Morissette, Ph.D. 
Consumer Safety Officer 

Center for Food Safety and Applied Nutrition 
Office of Food Additive Safety 
U.S. Food and Drug Administration 
rachel.morissette@fda.hhs.gov 

mailto:rachel.morissette@fda.hhs.gov
mailto:ClaireK@chromadex.com
mailto:mailto:Rachel.Morissette@fda.hhs.gov
http:www.spherixconsulting.com
mailto:ClaireK@chromadex.com


CONFIDENTIALITY NOTICE This email is the property of ChromaDex, Inc and/or its 
relevant affiliates and may contain confidential and proprietary material for the sole use of the 
intended recipient(s). Any review, use, distribution or disclosure by or to others is strictly 
prohibited. If you are not the intended recipient (or authorized to receive for the recipient), 
please contact the sender at 949.419.0288 or reply to ChromaDex, Inc at 
webmaster@chromadex.com and delete all copies of the message. 

mailto:webmaster@chromadex.com
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From: Kathy Brailer on behalf of Claire Kruger 
To: Morissette, Rachel 
Cc: Dietrich Conze; Claire Kruger; Kathy Brailer 
Subject: RE: Questions for GRAS Notice GRN 000721 
Date: Tuesday, October 31, 2017 12:00:07 PM 
Attachments: image007.png 

image016.png 
image018.png 
image024.png 
image025.png 
GRN 721 Response to FDA 10-31-17.pdf 

Dear Rachel, 

Attached please find the requested clarifications to GRN 721.  Should you need anything else, just let us 
know. 

Best regards, 

Claire Kruger, PhD, DABT, CFS 
President 
Senior Director Regulatory Affairs 

ChromaDex Spherix Consulting 
11821 Parklawn Drive, Suite 310 
Rockville, MD 20852 

Tel: +1-301-230-2181 
Fax: +1-301-230-2188 
Mobile: +1-240-565-5501 
ClaireK@chromadex.com 
www.spherixconsulting.com 

From: Morissette, Rachel [mailto:Rachel.Morissette@fda.hhs.gov] 
Sent: Friday, October 27, 2017 7:42 AM 
To: Claire Kruger <ClaireK@chromadex.com> 
Cc: Dietrich Conze <DietrichC@chromadex.com>; Kathy Brailer <KathyB@chromadex.com> 
Subject: RE: Questions for GRAS Notice GRN 000721 

Thank you. 

Best, 

Rachel 

Rachel Morissette, Ph.D. 
Consumer Safety Officer 

Center for Food Safety and Applied Nutrition 
Office of Food Additive Safety 
U.S. Food and Drug Administration 

mailto:KathyB@chromadex.com
mailto:DietrichC@chromadex.com
mailto:ClaireK@chromadex.com
mailto:mailto:Rachel.Morissette@fda.hhs.gov
http:www.spherixconsulting.com
mailto:ClaireK@chromadex.com
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rachel.morissette@fda.hhs.gov 

From: Claire Kruger [mailto:ClaireK@chromadex.com] 
Sent: Thursday, October 26, 2017 3:54 PM 
To: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov> 
Cc: Dietrich Conze <DietrichC@chromadex.com>; Kathy Brailer <KathyB@chromadex.com> 
Subject: RE: Questions for GRAS Notice GRN 000721 

Dear Rachel:
 
I am confirming that we received the letter with requested clarifications to GRN 721 and will
 
respond within 10 business days.
 
Best regards,
 
Claire
 

Claire Kruger, PhD, DABT, CFS 
President 
Senior Director Regulatory Affairs 

ChromaDex Spherix Consulting 
11821 Parklawn Drive, Suite 310 
Rockville, MD 20852 

Tel: +1-301-230-2181 
Fax: +1-301-230-2188 
Mobile: +1-240-565-5501 
ClaireK@chromadex.com 
www.spherixconsulting.com 

From: Morissette, Rachel [mailto:Rachel.Morissette@fda.hhs.gov] 
Sent: Monday, October 23, 2017 9:31 AM 
To: Claire Kruger <ClaireK@chromadex.com> 
Subject: Questions for GRAS Notice GRN 000721 

Dear Claire, 
Please find attached a letter requesting clarification on a few issues regarding GRN 000721 (GOS). 

Best regards, 

Rachel 

Rachel Morissette, Ph.D. 

mailto:ClaireK@chromadex.com
mailto:mailto:Rachel.Morissette@fda.hhs.gov
http:www.spherixconsulting.com
mailto:ClaireK@chromadex.com
mailto:KathyB@chromadex.com
mailto:DietrichC@chromadex.com
mailto:Rachel.Morissette@fda.hhs.gov
mailto:mailto:ClaireK@chromadex.com
mailto:rachel.morissette@fda.hhs.gov


Consumer Safety Officer 

Center for Food Safety and Applied Nutrition 
Office of Food Additive Safety 
U.S. Food and Drug Administration 
rachel.morissette@fda.hhs.gov 

CONFIDENTIALITY NOTICE This email is the property of ChromaDex, Inc and/or its relevant 
affiliates and may contain confidential and proprietary material for the sole use of the intended 
recipient(s). Any review, use, distribution or disclosure by or to others is strictly prohibited. If 
you are not the intended recipient (or authorized to receive for the recipient), please contact 
the sender at 949.419.0288 or reply to ChromaDex, Inc at webmaster@chromadex.com and 
delete all copies of the message. 

mailto:webmaster@chromadex.com
mailto:rachel.morissette@fda.hhs.gov


 

� 
� 
� 2FWREHU���������� 
� 
5DFKHO�0RULVVHWWH��3K�'�� 
&RQVXPHU�6DIHW\�2IILFHU� 
8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ� 
&HQWHU�IRU�)RRG�6DIHW\�DQG�$SSOLHG�1XWULWLRQ� 
2IILFH�RI�)RRG�$GGLWLYH�6DIHW\� 
'LYLVLRQ�RI�%LRWHFKQRORJ\�DQG�*5$6�1RWLFH�5HYLHZ� 
�����&DPSXV�'ULYH��+)6����� 
&ROOHJH�3DUN��0'������� 
� 
'HDU�'U��0RULVVHWWH�� 
� 
� ,Q�UHVSRQVH�WR�\RXU�H�PDLO�RI�2FWREHU�����������IROORZLQJ�DUH�RXU�UHVSRQVHV�WR�)'$¶V� 
TXHVWLRQV�RQ�*51�������)'$¶V�TXHVWLRQV�DUH�LQ�LWDOLFV�DQG�RXU�UHVSRQVHV�DUH�LQ�SODLQ�WH[W��� 

1) 	 On page 33 of the notice, Vitalus cites the study by Kobayashi et al. (2014a) stating that the 
animals were gavaged “at 0, 500, 1000, or 2000 mg/kg/day of a syrup containing 
approximately 56.9% GOS (% dry matter), resulting in a daily intake of 213.4, 5426.8, and 
853.5 mg GOS/kg”. The value of 5426.8 is incorrect. Please confirm that the correct dose 
level is 426.8 mg GOS/kg.  

�������ZDV�D�W\SRJUDSKLFDO�HUURU��7KH�FRUUHFW�GRVH�OHYHO�LV�������PJ�*26�NJ�� 

2) 	 On page 34 of the notice, Vitalus states that “The NOAEL for reproductive function of male 
and female parent animals was 2,000 mg GOS per kg/day equivalent to 853.5 mg 
GOS/kg/day (Kobayashi et al., 2014b).” Please confirm that the sentence should read as 
follows: “The NOAEL for reproductive function of male and female parent animals was 
2,000 mg GOS SURGXFW per kg/day equivalent to 853.5 mg GOS/kg/day (Kobayashi et al., 
2014b).” or alternatively “The NOAEL for reproductive function of male and female parent 
animals was 2,000 mg GOS syrup per kg/day equivalent to 853.5 mg GOS/kg/day 
(Kobayashi et al., 2014b).” 

7KH�VHQWHQFH�RQ�SDJH�����VKRXOG�UHDG��³7KH�12$(/�IRU�UHSURGXFWLYH�IXQFWLRQ�RI�PDOH�DQG� 
IHPDOH�SDUHQW�DQLPDOV�ZDV�������PJ�*26�V\UXS�NJ�GD\��ZKLFK�LV�HTXLYDOHQW�WR�������PJ� 
*26�NJ�GD\��.RED\DVKL�HW�DO�������E��´� 

3) 	 On page 23 Section B (Genotoxicity Studies) of the notice, Vitalus summarizes genotoxicity 
studies that were conducted with GOS products other than VITAGOS (the subject of GRN 
000721). Nonetheless, the notifier concludes that “Therefore, VITAGOSTM is not 
genotoxic.” Please elaborate on the basis for this conclusion (e.g. very similar composition 
of one or more of the tested GOS products to VITAGOS, etc.). Furthermore, please explain 
if these studies provide a basis for Vitalus to conclude that VITAGOS is not genotoxic or if it 
only provides a foundation to state that VITAGOS is not expected to be genotoxic. 

� 
�
 

������3DUNODZQ�'ULYH��6XLWH�����
 
5RFNYLOOH��0'��������
 

7������������������)�����������������
 
KWWSV���FKURPDGH[�FRP�FRQVXOWLQJ�RYHUYLHZ��
 



 

5DFKHO�0RULVVHWWH��3K�'�� 2FWREHU���������� 
8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ� 
� 

� 3DJH��� 

� 
7KH�FRQFOXVLRQ�WKDW�9,7$*26��LV�QRW�JHQRWR[LF�LV�EDVHG�RQ�WKH�IDFWV�WKDW�*26�SURGXFWV� 
FRQWDLQ�FRPPRQ�QXWULHQWV��ROLJRVDFFKDULGHV��JDODFWRVH��ODFWRVH��JOXFRVH��PLQHUDOV���ZKLFK� 
GR�QRW�SRVVHVV�IXQFWLRQDO�JURXSV�WKDW�DUH�DVVRFLDWHG�ZLWK�'1$�UHDFWLYLW\��DQG�WKH� 
JHQRWR[LFLW\�VWXGLHV�FRQGXFWHG�E\�.RED\DVKL�HW�DO���������DQG�1DUXPL�HW�DO����������ZKLFK� 
ZHUH�SHUIRUPHG�XVLQJ�D�*26�SURGXFW�WKDW�LV�PDQXIDFWXUHG�LQ�D�PDQQHU�DQG�KDV�D� 
FRPSRVLWLRQDO�SURILOH�VLPLODU�WR�9,7$*26���%RWK�.RED\DVKL�HW�DO��DQG�1DUXPL�HW�DO��XVHG� 
D�SURGXFW��ZKLFK�LV�WKH�VXEMHFW�IRU�*51������PDQXIDFWXUHG�XVLQJ�D�FRPELQDWLRQ�RI�ȕ� 
JDODFWRVLGDVHV�GHULYHG�IURP�Sporobolomyces singularis�DQG�Kluyveromyces lactis��LRQ� 
H[FKDQJH�DQG�HYDSRUDWLRQ��DQG�KDV�D�*26�FRQWHQW�RI�QR�OHVV�WKDQ������%HFDXVH�9LWDOXV¶� 
FRQFOXVLRQ�LV�EDVHG�RQ�WKH�PDQXIDFWXULQJ�DQG�FRPSRVLWLRQDO�VLPLODULWLHV�EHWZHHQ� 
9,7$*26��DQG�WKH�*26�SURGXFW�WKDW�ZDV�XVHG�LQ�WKH�RWKHU�VWXGLHV��LW�LV�PRUH�DSSURSULDWH� 
WR�VWDWH�WKDW�9,7$*26��LV�QRW�H[SHFWHG�WR�EH�JHQRWR[LF�� 

4) On page 31 the notifier states that “The cecum is not found in humans”. This statement is 
incorrect. Please revise this statement and explain how this correction may alter, or not, 
Vitalus’ discussion and conclusion regarding the toxicological relevance of cecal 
enlargement in rodents to humans. 

7KH�VWDWHPHQW�³7KH�FHFXP�LV�QRW�IRXQG�LQ�KXPDQV´�LV�QRW�FRUUHFW�DQG�WKH�VHQWHQFH�VKRXOG�EH� 
UHYLVHG�WR��³8QOLNH�WKH�KXPDQ�FHFXP��WKH�UDW�FHFXP�LV�D�VLWH�ZKHUH�QRQ�GLJHVWLEOH� 
VXEVWDQFHV�DUH�IHUPHQWHG�´�$OWKRXJK�ERWK�KXPDQV�DQG�UDWV�KDYH�FHFXPV��WKHUH�DUH�NQRZQ� 
DQDWRPLFDO�DQG�IXQFWLRQDO�GLIIHUHQFHV�EHWZHHQ�WKH�UDW�DQG�KXPDQ�FHFXP�WKDW�H[SODLQ�ZK\� 
FHFDO�HQODUJHPHQW�LQ�UDWV�IROORZLQJ�WKH�LQJHVWLRQ�RI�GLHWV�FRQWDLQLQJ�KLJK�DPRXQWV�RI�QRQ� 
GLJHVWLEOH�FDUERK\GUDWHV�LV�QRW�WR[LFRORJLFDOO\�UHOHYDQW�WR�KXPDQV��6SHFLILFDOO\��WKH�UDW� 
FHFXP�LV�D�ODUJH��FXUYHG�NLGQH\�VKDSHG�EOLQG�SRXFK�ZKHUH�SHULVWDOWLF�DQG�DQWL�SHULVWDOWLF� 
PRYHPHQWV�RFFXU��IDFLOLWDWLQJ�WKH�GLJHVWLRQ�DQG�IHUPHQWDWLRQ�RI�QRQ�GLJHVWLEOH� 
FDUERK\GUDWHV�E\�UHVLGHQW�EDFWHULD��7KH�EDFWHULD�LQ�WXUQ�SURGXFH�VKRUW�FKDLQ�IDWW\�DFLGV�WKDW� 
DUH�WKHQ�DEVRUEHG��7KXV��IROORZLQJ�LQJHVWLRQ�RI�GLHWV�FRQWDLQLQJ�KLJK�DPRXQWV�RI�QRQ� 
GLJHVWLEOH�VXEVWDQFHV��IHUPHQWDWLRQ�SURGXFWV�VXFK�DV�RUJDQLF�DFLGV�PD\�KDYH�DQ�DGYHUVH� 
LPSDFW�RQ�WKH�UDW�FHFXP�EHFDXVH�RI�WKH�SURORQJHG�SHULRG�RI�H[SRVXUH��7KH�KXPDQ�FHFXP��LQ� 
FRQWUDVW��GRHV�QRW�FRQWDLQ�WKHVH�UHVLGHQW�EDFWHULD�DQG�WKHUHIRUH�LV�QRW�H[SRVHG�WR�WKH�VDPH� 
QRQ�GLJHVWLEOH�FDUERK\GUDWH�PHWDEROLWHV�DQG�FRQGLWLRQV�DV�WKH�UDW�FHFXP��*UHDYHV�HW�DO��� 
��������,PSRUWDQWO\��FRUUHFWLQJ�WKH�VWDWHPHQW�³WKH�FHFXP�LV�QRW�IRXQG�LQ�KXPDQV´�GRHV�QRW� 
FKDQJH�WKH�FRQFOXVLRQ�UHJDUGLQJ�WKH�WR[LFRORJLFDO�UHOHYDQFH�RI�FHFDO�HQODUJHPHQW�LQ�URGHQWV� 
WR�KXPDQV���� 

5) In Table 2 of the notice, the Regulatory Status entry for ȕ-galactosidase (derived from 
Aspergillus oryzae) refers to a series of GRNs and the FDA Partial List of Enzyme 
Preparations Used in Food rather than discussing the safety of the production organism 
itself. Please discuss the safety of Aspergillus oryzae as a production organism and not the 
enzyme preparation (e.g., as shown in GRNs 103, 106, 113, 122, 142, 201). Additionally, 
please discuss the known safety of the wild-type ȕ-galactosidase enzyme from A. oryzae 
(such as shown in GRN 510 where the ȕ-galactosidase from A. oryzae is produced in A. 
niger). 

&KURPD'H[�6SKHUL[�&RQVXOWLQJ�
������3DUNODZQ�'ULYH��6XLWH������5RFNYLOOH��0'������� 

7��������������������)������������������ 
KWWSV���FKURPDGH[�FRP�FRQVXOWLQJ�RYHUYLHZ�� 



5DFKHO�0RULVVHWWH��3K�'�� 2FWREHU���������� 
8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ� � 3DJH��� 
� 
� 

,Q�WKH�8QLWHG�6WDWHV��D�YDULHW\�RI�HQ]\PH�SUHSDUDWLRQV�GHULYHG�IURP�Aspergillus oryzae�� 
LQFOXGLQJ�ȕ�JDODFWRVLGDVH��DUH�*HQHUDOO\�5HFRJQL]HG�$V�6DIH��*5$6������&)5����������� 
*51����*51�����*51�����*51�����*51������*51������*51������*51������*51������� 
Aspergillus oryzae�LV�D�PHPEHU�RI�WKH�Aspergillus flavi�JURXS�RI�Aspergillus�VSHFLHV�DQG�KDV� 
ORQJ�KLVWRU\�RI�VDIH�XVH�LQ�WKH�SURGXFWLRQ�RI�IHUPHQWHG�IRRGV��IRU�UHYLHZ�VHH�&KDQJ�DQG� 
(KUOLFK���������$OWKRXJK�A. oryzae LV�DOPRVW�JHQHWLFDOO\�LGHQWLFDO�WR�LWV�UHODWLYH�A. flavus�� 
ZKLFK�LV�D�NQRZQ�WR�SURGXFH�P\FRWR[LQV��QDPHO\�DIODWR[LQ��3D\QH�HW�DO����������JHQRW\SLF� 
DQG�SKHQRW\SLF�VWXGLHV�KDYH�VKRZQ�WKDW�PXOWLSOH�VWUDLQV�RI�A. oryzae�SRVVHVV�QRQ�IXQFWLRQDO� 
DIODWR[LQ�SURGXFLQJ�JHQHV�DQG�GR�QRW�SURGXFH�DIODWR[LQ��7DR�DQG�&KXQJ��������� 

7KH�*26�SUHVHQW�LQ�9,7$*26��DUH�V\QWKHVL]HG�XVLQJ�WKH�ȕ�JDODFWRVLGDVH�GHULYHG�A. 
oryzae VWUDLQ�*/������ZKLFK�LV�VDPH�VWUDLQ�XVHG�WR�SUHSDUH�WKH�ȕ�JDODFWRVLGDVH�XVHG�WR� 
PDQXIDFWXUH�WKH�*26�WKDW�LV�WKH�VXEMHFW�RI�*51������,PSRUWDQWO\��LQ�*51�����1HVWOH� 
1XWULWLRQ�GHWHUPLQHG�WKDW�A. oryzae */�����GRHV�QRW�SURGXFH�DQ\�P\FRWR[LQV�RU�DIODWR[LQ�� 
FRQILUPLQJ�WKH�UHVXOWV�RI�7DR�DQG�&KXQJ���������7KXV��WKH�XVH�RI�A. oryzae */�����ȕ� 
JDODFWRVLGDVH�LV�VDIH�DQG�VXLWDEOH�IRU�XVH�LQ�WKH�SURGXFWLRQ�RI�IRRG�DQG�9,7$*26��LV�� 
WKHUHIRUH��QRW�D�SRWHQWLDO�VRXUFH�RI�P\FRWR[LQV��� 

$V�D�SURWHLQ��WKH�ȕ�JDODFWRVLGDVH�XVHG�WR�SURGXFH�9,7$*26��KDV�WKH�SRWHQWLDO�WR�FDXVH� 
IRRG�DOOHUJLF�UHDFWLRQV��+RZHYHU��SURWHLQV�DUH�XELTXLWRXV�DQG�RQO\�D�VPDOO�SHUFHQWDJH�RI� 
WKHP�DUH�IRRG�DOOHUJHQV��0RUHRYHU��WKH�HQ]\PHV�XVHG�WR�PDQXIDFWXUH�9,7$*26��DUH�KHDW� 
LQDFWLYDWHG�DQG�UHPRYHG�GXULQJ�PDQXIDFWXULQJ�WKRXJK�ILOWUDWLRQ�DQG�UHVLQ�DGVRUSWLRQ� 
SURFHVVHV��)RU�UHIHUHQFH��WKH�SURWHLQ�VSHFLILFDWLRQ�IRU�WKH�ILQLVKHG�SURGXFW�LV�QR�PRUH�WKDQ� 
������WKH�OLPLW�RI�GHWHFWLRQ�IRU�WKH�DVVD\�LV���������DQG�GDWD�IURP�WKH�ILYH�EDWFKHV�SUHVHQWHG� 
LQ�*51�����VKRZ�WKDW�SURWHLQ�ZDV�QRW�GHWHFWHG��7R�FRQILUP�WKDW�D�ȕ�JDODFWRVLGDVH�GHULYHG� 
IURP�A. oryzae�LV�QRW�D�IRRG�DOOHUJHQ��DQ�H[WHQVLYH�OLWHUDWXUH�VHDUFK�XVLQJ�3XE0HG�DQG� 
*RRJOH�6FKRODU�ZDV�FRQGXFWHG�XVLQJ�WKH�NH\�ZRUGV�Aspergillus oryzae��JDODFWRVLGDVH��DQG� 
DOOHUJ\��$OWKRXJK�WKH�A. oryzae�ȕ�JDODFWRVLGDVH�KDV�EHHQ�UHSRUWHG�WR�EH�DQ�DHURDOOHUJHQ� 
�%HUQVWHLQ�HW�DO���������6W|FNHU�HW�DO����������QR�UHSRUWV�RI�WKH�HQ]\PH�EHLQJ�D�IRRG�DOOHUJHQ� 
ZHUH�IRXQG��7KHVH�UHVXOWV�LQGLFDWH�WKDW�DOOHUJLF�UHDFWLRQV�UHVXOWLQJ�IURP�WKH�LQJHVWLRQ�RI�D�ȕ� 
JDODFWRVLGDVH�GHULYHG�IURP�$��RU\]DH�RU�D�SURGXFW�PDQXIDFWXUHG�ZLWK�D�ȕ�JDODFWRVLGDVH� 
GHULYHG�IURP�A. oryzae�DUH�QRW�H[SHFWHG�DQG��WKXV��PHHW�WKH�*5$6�VWDQGDUG�RI�UHDVRQDEOH� 
FHUWDLQW\�RI�QR�KDUP��� 

� 6KRXOG�\RX�KDYH�DGGLWLRQDO�TXHVWLRQV��SOHDVH�OHW�XV�NQRZ�� 

� � 6LQFHUHO\�� 
(b) (6)

� � &ODLUH�/��.UXJHU��3K�'���'�$�%�7�� 
� � 3UHVLGHQW� 
� 
� � 
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5DFKHO�0RULVVHWWH��3K�'�� 2FWREHU���������� 
8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ� 
� 

� 3DJH��� 

� 
5HIHUHQFHV� 

%HUQVWHLQ��-�$���%HUQVWHLQ��'�,���6WDXGHU��7���/XPPXV��=���DQG�%HUQVWHLQ��,�/����������$�FURVV� 
VHFWLRQDO�VXUYH\�RI�VHQVLWL]DWLRQ�WR�$VSHUJLOOXV�RU\]DH�GHULYHG�ODFWDVH�LQ�SKDUPDFHXWLFDO�ZRUNHUV��-� 
$OOHUJ\�&OLQ�,PPXQRO����������±������ 

&KDQJ��3�.���DQG�(KUOLFK��.�&����������:KDW�GRHV�JHQHWLF�GLYHUVLW\�RI�$VSHUJLOOXV�IODYXV�WHOO�XV� 
DERXW�$VSHUJLOOXV�RU\]DH��,QW�-�)RRG�0LFURELRO���������±����� 

*UHDYHV��3����������'LJHVWLYH�6\VWHP��/DUJH�,QWHVWLQH��,Q�+LVWRSDWKRORJ\�RI�3UHFOLQLFDO�7R[LFLW\� 
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From:	 Claire Kruger 
To:	 Morissette, Rachel 
Cc:	 Dietrich Conze; Kathy Brailer 
Subject:	 RE: literature search for GRN 721 
Date:	 Wednesday, November 01, 2017 3:51:46 PM 
Attachments:	 image007.png 
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image010.png 

Hi Rachel:
 
The literature search noted in our response was conducted on October 26, 2017.
 
Best regards,
 
Claire
 

Claire Kruger, PhD, DABT, CFS 
President 
Senior Director Regulatory Affairs 

ChromaDex Spherix Consulting 
11821 Parklawn Drive, Suite 310 
Rockville, MD 20852 

Tel: +1-301-230-2181 
Fax: +1-301-230-2188 
Mobile: +1-240-565-5501 
ClaireK@chromadex.com 
www.spherixconsulting.com 

From: Morissette, Rachel [mailto:Rachel.Morissette@fda.hhs.gov] 
Sent: Wednesday, November 1, 2017 2:41 PM 
To: Claire Kruger <ClaireK@chromadex.com> 
Subject: literature search for GRN 721 

Hi Claire,
 Can you please confirm the date through which an updated literature search was done for GRN 721? 

Thanks, 

Rachel 

Rachel Morissette, Ph.D. 
Consumer Safety Officer 

Center for Food Safety and Applied Nutrition 
Office of Food Additive Safety 
U.S. Food and Drug Administration 
rachel.morissette@fda.hhs.gov 

mailto:rachel.morissette@fda.hhs.gov
mailto:ClaireK@chromadex.com
mailto:mailto:Rachel.Morissette@fda.hhs.gov
http:www.spherixconsulting.com
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relevant affiliates and may contain confidential and proprietary material for the sole use of the 
intended recipient(s). Any review, use, distribution or disclosure by or to others is strictly 
prohibited. If you are not the intended recipient (or authorized to receive for the recipient), 
please contact the sender at 949.419.0288 or reply to ChromaDex, Inc at 
webmaster@chromadex.com and delete all copies of the message. 
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