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lactose exposure as a result of addition of DuPont’s 2FL at its intended use level of 2.4 g/L would be 0.2
g/L. Although in the immature gastrointestinal tract, lactase is virtually absent until at least 34 weeks
gestational age, lactose intolerance is quite uncommon before 2 years of age (Heyman, 2006). Lactose
malabsorption is not likely to cause significant digestive complications at this low level of lactose and will
certainly diminish with increasing lactase expression in the developing gut. Lactose intolerance has not
been reported to be an issue with the previously commercialized 2FL products.

3-fucosyllactose (3FL) and difucosyllactose (DiFL) are normal constituents of human milk (McGuire et al,,
2017). 3-FL levels range from a low of 0.050 £0.008 g/L to a high of 0.189 + 0.012 g/L and DiFL levels range
from 0.113 + 0.017 g/L to0 0.298 £ 0.031 nmoles/L. The levels in the U.S. (California) are 0.189 + 0.023 g/L
and 0.237 + 0.036 g/L for 3FL and DiFL, respectively. By comparison, the level of 2FL in the same
population was 3.43 +0.28 g/L. 3FLand DiFL levels in DuPont’s 2FL were determined using relative area
under the curve (AUC) in the HPAEC-PAD chromatogram. At the intended use level of 2.4 g/L of 2FL, the
exposure to 3FL would be 0.003 g/L and to DiFL would be 0.19 g/L. These levels are at or below the levels
typically found in human milk.

2-fucosyllactulose is the product of isomerization of 2FL during processing. This type of isomerization is
pH and temperature dependent. This isomerization is reported to occur during the conversion of D-
lactose into D-lactulose during pasteurization of milk, including human donor milk (Beach and Menzies,
1986; de Segura et al., 2012; Schuster-Wolff-Biihring et al., 2010). Infant formulas have been reported to
contain D-lactulose at levels of up to 13.7 mmol/L (4.7 g/L) (Beach and Menzies, 1986). D-lactulose has
been detected in heat treated human donor milk at low levels in 65% of the samples (de Segura et al.,
2012). The exposure to 2-fucosyllactulose via DuPont’s 2FL product when used at its intended levels
would be 0.03 g/L. Assuming a similar history of safe use as for that in heat treated human donor milk,
the exposure to 2-fucosyllactulose is insignificant.

Fucosylgalactose is a naturally occurring breakdown product of 2FL that is formed by cleavage of glucose
by enzymatic hydrolysis. Fucosylgalactose is an epitope associated with the H-antigen in humans and
has been observed in the urine of humans after oral ingestion of galactose and lactose and after
intravenous injection of galactose (Chester et al., 1979). At the intended use level of DuPont’s 2FL, the
exposure to fucosylgalactose would be 0.03 g/L, at levels readily excreted in the urine after a galactose
load and is not expected to pose any adverse risk.
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Two subchronic oral toxicity studies were conducted in 7-day-old rat pups. 2FL produced by chemical
synthesis (GRN546, Glycom) was administered by gavage at doses of 0, 2000, 5000 or 60000 mg/kg
bw/day (Coulet et al., 2014). The authors concluded that 2FL was well tolerated at doses of up to 5000
mg/kg bw/day with the exception of transient lower body weight gain and colored feces. However,
because there were three unexplained deaths at the 6000 gm/kg bw/day dose, the authors reported a
NOAEL of 5000 mg/kg bw/day. EFSA reviewed this evidence as part of a submission for novel food status
and based their estimated NOAEL of 2000 mg/kg bw/day on decreased kidney weights and clinical
chemistry and hematological effects (EFSA Panel on Dietetic Products, 2015). Glycom reviewed the
results of this study in GRN650, pg 30, and noted “that the hematological effects were limited to slight
reductions in (<5%) red blood cell count that were not consistent between sexes and were not associated
with histopathological or gross pathological correlates. Changes in clinical chemistry parameters were
limited to dose responsive reductions in AST levels in both sexes. AST levels were similarly decreased by
a comparable magnitude in both males and females of the FOS group (i.e., positive control). In the
absence of further clinical chemistry, hematological or histopathological correlates, the reduction in AST
levels were not considered adverse”. Glycom considers the NOAEL of 5000 mg/kg bw/day to be
appropriate. DuPont Nutrition and Health concurs with the conclusions of a NOAEL of 5000 mg/kg
bw/day.

In a similarly designed 90-day study, 2FL produced by fermentation (GRN650, Glycom) was administered
by gavage to neonatal rat pups at doses of 0, 2000, 4000, and 5000 mg/kg bw/day. There was no test -
article-related mortality and no test article-related, adverse changes reported in behavior,
ophthalmology, urinalysis, hematology, clinical chemistry, organ weights, macroscopic or microscopic
histopathology (Penard, 2015). DuPont Nutrition and Health concurs with these conclusions.

In an unpublished study using 4-week-old male and female CD Crl:CD(SD) rats, 2FL produced by
fermentation (GRN571, Jennewein) was included in the rat diet at 10% by weight (Jennewein
Biotechnologie, 2015). They reported that 2FL was well tolerated with the only notable effects being pale
coloration of the feces. There were no deaths reported and no test article-related effects on body
weight, body weight gain, food consumption, water consumption, neurological parameters,
hematological and blood chemical parameters, urinalysis, ophthalmological observations, organ weight
or macroscopic or histopathological findings. The authors determined a NOAEL of 7660 mg/kg bw/day
in this single dose study. DuPont Nutrition and Health concurs with these conclusions.
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14-day oral
tolerability
and dose-
range finding
study

Rat (7-day-old rats)
Wistar (Crl:WI(Han)),

n=5 rats/sex/group

Via gavage

0, 2000, 5000 or 7500 mg
2FL/kg bw/day

2FL purity: 99%

Reference control group:
6000 mg FOS*/kg bw/day

*Fructooligosaccharide

(GRN546, Glycom)

5000 and 7500
mg/kg bw/day 2FL
dose groups and
FOS group had
lower bw on days
0to 3 than
controls.

7500 mg/kg
bw/day 2FL dose
group, FOS group
and to a lesser
extent the 5000
mg/kg bw/day 2FL
dose group had
liquid and/or
yellow feces.

The highest
suitable dose of
2FL for the 90-day
study was lower
than 7500 mg/kg
bw/day.

Coulet et al.
(2014)

3-wk subacute
oral toxicity
study

Pig (Domestic
Yorkshire crossbred
swine - farm pigs)

27 male & 21 female
neonatal piglets; n=
6, 8, 7 and 6 males
and 6,4,5and 6
females each the
treatment groups
respectively

Liquid diet via a
feeding bowl, filled
6x/day at a dose
volume of 500 mL/kg
bw/day

0 (control), 200, 500, and
2000 mg/L 2FL treatment
groups

From 2 days after birth
for 3 weeks

(GRN571, Jennewein)

Well tolerated at
doses of up to
2000 mg/kg and
had no adverse
effects on growth.
Equivalent doses
were 291.7 mg/kg
bw/day in males
and 298.9 mg/kg
bw/day in females

Hanlon and
Thorsrud (2014)
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Subchronic Toxicity Studies
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mg/kg bw/day dose | group; 2000 & 4000 mg E ° nga " summary in
group 2FL/kg bw/day, n=10 goégwa |/(I)<ns cee Appendix A,
rats/sex/ dose group. ME/KE page 000068
5 males & 5 females bw/day, the
in separate recovery | 2FL purity: 97.6% (via highest dose
groups for the fermentation) tested.
control, 2Fl.and Postnatal day 7 through
FOS.
age 13 weeks
(GRN650, Glycom)
90-day Rat (7-day-old Wistar | Via gavage NOAEL = 5000 Coulet et al.
subchronic (Crl:WI (Han)) Canttral fuaten) mg/kg bw/day (2014)
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5 E g 5000 mg 2FL/kg mg FOS/kg bw/day) and Aol EFSA Panel on
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Pl n=15/sex/in 6000 mg | n=15 rats/sex/day dose concluded NOAEL | Products (2015)
2FL/kg bw/day dose | group; 2000 & 4000 mg was 2000 mg/kg
group) 2FL/kg bw/day, n=10 bw/day based on

The treatment
period was followed
by a 28-day recovery
period for FOS and
high-dose 2FL groups
(n=5 rats/sex/dose
group).

rats/sex/ dose group.
2FL purity: 99%

Postnatal day 7 through
age 13 weeks

(GRN546, Glycom)

decreased relative

kidney weight in
the 6000 mg/kg
bw dose female
dose group, two
unexplained
deaths and
hematological
clinical effects in
the high and mid
dose groups.

Glycom considered

the 5000 mg/kg
bw/day NOAEL to
be correct; they
did not consider
the effects at this
dose to be
adverse. (Glycom
GRN650, page
000036).

DuPont 2’-Fucosyllactose in Infant Formula

November 2017

Page 36



















DuPont Nutrition and Health considers the 90-day subchronic toxicity studies, the human clinical trial
experience in adults and children, and the presence of 2FL in breast milk to be the key data in this
determination of safety. This GRAS status conclusion is based on data generally available in the public
domain pertaining to the safety of 2FL, as discussed herein, and on consensus among a panel of experts
(the Expert Panel) who are qualified by scientific training and experience to evaluate the safety of food
ingredients. The Expert Panel convened by DuPont Nutrition and Health independently and critically
evaluated all data and information presented herein, and concluded that 2FL is GRAS for use in in term
infant formula, and specified conventional foods and beverage products intended for use by toddlers to
increase the intake of 2FL based on scientific procedures.

DuPont 2’-Fucosyllactose in Infant Formula Page 42
November 2017



Tab 7












lacto-N-neotetraose is well tolerated and shifts the intestinal microbiota. The British journal of nutrition
116, 1356-1368.

Engfer, M.B., Stahl, B., Finke, B., Sawatzki, G., Daniel, H., 2000. Human milk oligosaccharides are resistant
to enzymatic hydrolysis in the upper gastrointestinal tract. Am J Clin Nutr 71, 1589-1596.

Erney, R.M., Malone, W.T., Skelding, M.B., Marcon, A.A., Kleman-Leyer, K.M., O'Ryan, M.L., Ruiz- Palacios,
G., Hilty, M.D., Pickering, L.K., Prieto, P.A., 2000. Variability of human milk neutral oligosaccharides in a
diverse population. J Pediatr Gastroenterol Nutr 30, 181-192.

Freddolino, P.L., Amini, S., Tavazoie, S., 2012. Newly identified genetic variations in common Escherichia
coli MG1655 stock cultures. J Bacteriol 194, 303-306.

Fryar, C.D., Gu, Q., Ogden, C.L., Flegal, K.M., 2016. Anthropometric reference data for children and adults:
United States, 2011-2014, Vital Health Stat 3 (39). National Centerl for Health Statistics, U.S. Department
of Health and Human Services, Hyattsville, Maryland.

Gabrielli, O., Zampini, L., Galeazzi, T., Padella, L., Santoro, L., Peila, C., Giuliani, F., Bertino, E., Fabris, C.,
Coppa, G.V., 2011. Preterm milk oligosaccharides during the first month of lactation. Pediatrics 128,
e1520-1531.

Galeotti, F., Coppa, G.V., Zampini, L., Maccari, F., Galeazzi, T., Padella, L., Santoro, L., Gabrielli, O., Volpi,
N., 2012. On-line high-performance liquid chromatography-fluorescence detection-electrospray
ionization-mass spectrometry profiling of human milk oligosaccharides derivatized with 2-
aminoacridone. Anal Biochem 430, 97-104.

Gehring, U., Spithoven, J., Schmid, S., Bitter, S., Braun-Fahrlander, C., Dalphin, J.C., Hyvarinen, A.,
Pekkanen, J., Riedler, J., Weiland, S.K., Buchele, G., von Mutius, E., Vuitton, D.A., Brunekreef, B., group,
P.s., 2008. Endotoxin levels in cow's milk samples from farming and non-farming families - the PASTURE
study. Environ Int 34, 1132-1136.

Glycom A/S, 2014. GRAS exemption claim for 2'-O-fucosyllactose (2'-FL): GRNO00546. U.S. FDA, GRAS
Notice Inventory.

Glycom A/S, 2016. GRAS exemption claim for 2'-O-fucosyllactose (2'-FL) produced by fermentation:
GRNO00650. U.S. FDA, GRAS Notice Inventory.

Goehring, K.C., Kennedy, A.D., Prieto, P.A., Buck, R.H., 2014. Direct evidence for the presence of human
milk oligosaccharides in the circulation of breastfed infants. PLoS One 9, e101692.

Goehring, K.C., Marriage, B.J., Oliver, J.S., Wilder, J.A., Barrett, E.G., Buck, R.H., 2016. Similar to Those
Who Are Breastfed, Infants Fed a Formula Containing 2'-Fucosyllactose Have Lower Inflammatory
Cytokines in a Randomized Controlled Trial. J Nutr 146, 2559-2566.

Hanlon, P.R., Thorsrud, B.A., 2014. A 3-week pre-clinical study of 2'-fucosyllactose in farm piglets. Food
Chem Toxicol 74, 343-348.

Heyman, M.B.f.t.A.A.0.P., Committee on Nutrition, 2006. Lactose intolerance in infants, children, and
adolescents. Pediatrics 118, 1279-1286.

DuPont 2’-Fucosyllactose in Infant Formula Page 46
November 2017






Raiten, D.J., Talbot, J.M., Waters, J.H., 1998. Assessment of nutrient requirements for infant formulas. J
Nutr 98, 128.

Renwick, A.G., 1990. Acceptable daily intake and the regulation of intense sweeteners. Food Addit
Contam 7, 463-475.

Rudloff, S., Kunz, C., 2012. Milk oligosaccharides and metabolism in infants. Adv Nutr 3, 398s-405s.

Rudloff, S., Obermeier, S., Borsch, C., Pohlentz, G., Hartmann, R., Brosicke, H., Lentze, M.J., Kunz, C., 2006.
Incorporation of orally applied (13)C-galactose into milk lactose and oligosaccharides. Glycobiology 16,
477-487.

Rudloff, S., Pohlentz, G., Borsch, C., Lentze, M.J., Kunz, C., 2012. Urinary excretion of in vivo (1)(3)C-
labelled milk oligosaccharides in breastfed infants. BrJ Nutr 107, 957-963.

Rulis, A.M., Levitt, J.A., 2009. FDA'S food ingredient approval process: Safety assurance based on scientific
assessment. Regul Toxicol Pharmacol 53, 20-31.

Sabharwal, H., Nilsson, B., Chester, M.A., Sjoblad, S., Lundblad, A., 1984. Blood group specific
oligosaccharides from faeces of a blood group A breast-fed infant. Mol Immunol 21, 1105-1112.

Sabharwal, H., Nilsson, B., Gronberg, G., Chester, M.A., Dakour, J., Sjoblad, S., Lundblad, A., 1988.
Oligosaccharides from feces of preterm infants fed on breast milk. Arch Biochem Biophys 265, 390-406.

Sabharwal, H., Sjoblad, S., Lundblad, A., 1991. Affinity chromatographic identification and quantitation of
blood group A-active oligosaccharides in human milk and feces of breast-fed infants. J Pediatr
Gastroenterol Nutr 12, 474-479.

Schuster-Wolff-Biihring, R., Fischer, L., Hinrichs, J., 2010. Production and physiological action of the
disaccharide lactulose. International Dairy Journal 20, 731-741.

Tao, N., Ochonicky, K.L., German, J.B., Donovan, S.M., Lebrilla, C.B., 2010. Structural determination and
daily variations of porcine milk oligosaccharides. J Agric Food Chem 58, 4653-4659.

Thurl, S., Muller-Werner, B., Sawatzki, G., 1996. Quantification of individual oligosaccharide compounds
from human milk using high-pH anion-exchange chromatography. Anal Biochem 235, 202- 206.

Thurl, S., Munzert, M., Henker, J., Boehm, G., Muller-Werner, B., Jelinek, J., Stahl, B., 2010. Variation of
human milk oligosaccharides in relation to milk groups and lactational periods. The British journal of
nutrition 104, 1261-1271.

Townsend, S., Caubilla Barron, J., Loc-Carrillo, C., Forsythe, S., 2007. The presence of endotoxin in
powdered infant formula milk and the influence of endotoxin and Enterobacter sakazakii on bacterial
translocation in the infant rat. Food Microbiol 24, 67-74.

U.S. EPA, 1997a. Attachment | - final risk assessment of Escherichia coli K-12 derivatives.

U.S. EPA, 1997b. Microbial products of biotechnology; Final regulation under the Toxic Substances
Control Act. Federal Register 62, 17910 - 17958.

DuPont 2’-Fucosyllactose in Infant Formula Page 48
November 2017














































































































































































	GRAS notice 749 for 2’-O-fucosyllactose 
	Table of Contents
	II. FOREWORD
	Ill. PART 1. SIGNED STATEMENTS AND CERTIFICATIONS
	IV. PART 2. IDENTITY, MANUFACTURE, SPECIFICATIONS AND EFFECT
	V. PART 3. DIETARY EXPOSURE
	VI. PART 4. SELF-LIMITING LEVELS OF USE
	VII. PART 5. EXPERIENCE BASED ON COMMON USE IN FOODS
	VIII. PART 6. NARRATIVE
	IX. PART 7. LIST OF SUPPORTING DATA AND INFORMATION




