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Risk and technical assessment — Application A1340

Application A1340 - 2'-FL from GM Escherichia coli BL21 (gene
donor: Akkermansia muciniphila) for use as a nutritive
substance in infant formula products

Executive summary

Food Standards Australia New Zealand (FSANZ) has assessed an application from Suzhou
Yixi Biotech Co., Ltd. to amend the Australia New Zealand Food Standards Code (the Code)
to permit a new source organism for the production of 2'-fucosyllactose (2'-FL). The
applicant’s 2'-FL is produced by microbial fermentation using a strain of genetically modified
(GM) Escherichia coli BL21 containing the gene for alpha-1,2-fucosyltransferase from
Akkermansia muciniphila.

The Code already permits 2'-FL from several source organisms to be used as a nutritive
substance in infant formula products. FSANZ has determined that the applicant’s 2'-FL is
chemically, structurally and functionally identical to 2'-FL naturally present in human milk. No
public health or safety concerns were identified, and the established health benefits remain
unchanged.

Analytical data confirm that the applicant’s 2'-FL is chemically and structurally identical to the
naturally occurring substance in human milk, similar to 2'-FL previously assessed and
permitted by FSANZ. There is an appropriate specification for 2'-FL from E. coli BL21 in the
Code. The applicant’s 2'-FL is stable under ambient storage conditions.

FSANZ'’s previous assessments found no safety concerns for 2'-FL at concentrations up to
2.4 g/L in infant formula products. Newly available data support this conclusion. No adverse
effects were observed in a 90-day oral toxicity study in rats and a prenatal developmental
toxicity study in rats. Human clinical studies further confirm that infant formula products
containing 2'-FL are safe and well tolerated. 2'-FL was not genotoxic in vitro or in vivo.

FSANZ's safety assessment did not identify any public health and safety concerns
associated with the use of the applicant’s GM strain of E. coli BL21 as a production organism
for 2'-FL. Characterisation of the production strain confirmed that all introduced genes were
genetically stable and functional.

Based on previous benefit assessments and given that the 2'-FL is chemically, structurally
and functionally identical, with no change requested to the maximum amount in infant
formula products, the associated health benefits from the use of 2'-FL remain unchanged.
These benefits are: (1) an anti-pathogenic effect; (2) immunomodulation; and (3)
development of the gut microbiome by supporting growth of Bifidobacteria spp.



FSANZ has previously concluded that the addition of 2'-FL in infant formula products at
levels typically found in human milk does not pose a risk to normal growth. One new study
was reviewed for the current assessment, however due to a number of study limitations, this
was not included in the body of evidence. Therefore, FSANZ maintains its previous
conclusion.

Based on the available data, there are no public health and safety concerns associated with
the addition of 2'-FL produced from the new source organism to infant formula products
under the proposed conditions.
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1 Introduction

Food Standards Australia New Zealand (FSANZ) received an application from Suzhou Yixi
Biotech Co., Ltd. to amend the Australia New Zealand Food Standards Code (the Code) to
permit a new source organism for the production of 2'-fucosyllactose (2'-FL). The applicant’s
2'-FL is produced by microbial fermentation using a strain of Escherichia coli BL21
containing the gene for alpha-1,2-fucosyltransferase from Akkermansia muciniphila.

The Code already permits 2'-FL from several source organisms to be used as a nutritive
substance in infant formula products. The maximum amount of 2'-FL in infant formula
products is 96 mg/100 kJ, equivalent to 2.4 g/L. The purpose of the present assessment is
therefore to assess the safety of 2'-FL produced by the new production strain.

2 Food technology assessment

The objective of the food technology assessment is to determine whether the 2'-FL to be
added to infant formula products from a new microbial source is identical to that present in
human milk. The assessment also considered the manufacturing process, stability,
specification and the analytical methods of analysis used to quantify and characterise 2'-FL.

FSANZ has assessed recent applications requesting permissions for human-identical milk
oligosaccharides (HiMO) for use in infant formula products The information in this section
has built on the assessment of those applications, i.e. A1155, A1190, A1233, A1251, A1265,
A1277, A1283, A1308, A1324 (FSANZ 2020, FSANZ 2021, FSANZ 2022a, FSANZ 2022b,
FSANZ 2023a, FSANZ 2023b, FSANZ 2024, FSANZ 2025a, FSANZ 2025b).

2.1 Chemical and physical properties

2'-FL is part of the human milk oligosaccharide (HMO) fraction found in human milk. It is
made up of I-fucose, D-galactose, and D-glucose. Its structure includes L-fucose connected
to D-lactose by an alpha (1—2) glycosidic bond (see Figure 1).

It is a white to off-white amorphous powder or agglomerate and is readily soluble in aqueous
solutions but has limited solubility in organic solvents.

o-Lactose

H,C

HO
OH

L-Fucose

Figure 1: Molecular structure of 2"-FL



2.1.1 Equivalence to human milk

The application included analytical data provided as Confidential Commercial Information
(CCI) to demonstrate that 2'-FL obtained from microbial fermentation is chemically and
structurally identical to 2'-FL naturally present in human milk. The analytical methods used to
determine the chemical structure were nuclear magnetic resonance (NMR) spectroscopy,
including hydrogen spectrum NMR (H-NMR), carbon spectrum NMR (C-NMR), DEPT
spectrum and two-dimensional spectra. Liquid-phase mass spectrometry (LC-MS) and high-
resolution mass spectrometry (HR-MS) were used to confirm the molecular structure.

The NMR and MS results confirm the 2'-FL obtained from microbial fermentation is
chemically and structurally identical to that occurring naturally in human milk. The chemical
name and properties of the applicant’s 2'-FL are provided in Table 1.

Table 1: Chemical name and properties of 2"-FL
Property 2'-FL
Common name 2'-fucosyllactose

a-L-fucopyranosyl-(1—2)-p-D-galactopyranosyl-

1
IUPAC! nhame (1—4)-D-glucopyranose

2'-O-Fucosyllactose
2'-Fucosidolactose
. 2-Fucosyl-D-Lactose
Alternative common names
2'-O-L-Fucosyl-D-lactose
Fucosyl-a-1,2-galactosyl-p-1,4-glucose
Fuc-a-(1—2)-Gal-3-(1—4)-Glc

CAS? registry number 41263-94-9
Chemical formula Ci18H32015
Molecular weight 488.44 g/mol

" The International Union of Pure and Applied Chemistry
2 Chemical Abstract Service

2.1.2 Stability of 2'-FL under intended conditions of use

Analytical data for the applicant’s 2'-FL showed stability for at least 12 months under
ambient conditions (25°C, 60% RH) and 15 months under accelerated conditions (37°C,
75% RH). The applicant states that the results support stability under ambient conditions for
up to 2 years.

Analytical data for the applicant’s 2'-FL when added to infant formula milk powder indicated
stability for 6 months under accelerated conditions (40°C, 75% RH).

2.2 Manufacturing processes

The applicant’s 2'-FL is produced by microbial fermentation of a GM strain of E. coli BL21 as
described in section 3.1. There are two main steps in the production process: fermentation
and purification. Details of the manufacturing flow and processes, raw materials and food
safety management systems were provided as CCI.



2.3 Specification

Section 1.1.1—15 of the Code requires that a substance used as a nutritive substance must
meet any relevant identity and purity specification in Schedule 3. There is a specification for
2'-FL from E. coli BL21 in S3—45. This specification was included in the Code in association
with the approval of 2'-FL sourced from E. coli BL21 containing the gene for alpha-1,2-
fucosyltransferase from E. coli O126 for use as a nutritive substance (approved under
Application A1190 — 2"-FL in infant formula and other products). The specification includes
parameters for the identity of 2'-FL and impurities.

The applicant provided a proposed specification for its 2'-FL that aligns with the existing
specification for 2'-FL from E. coli BL21 in S3—45 (see Table 2) with the exception of three
parameters.

Firstly, the applicant proposed that the parameter for ‘GMO detection — not detected’ is
omitted (see section 2.3.1).

The applicant also requested an increase to the 2'-FL purity in the relevant specification
under subsection S3—45(e) from 90.0% to 94.0% because their 2'-FL is more highly
purified. In association with this, they requested removal of the limit of not more than 3% for
fucosyl-galactose, given this would be no longer applicable with a higher 2'-FL content.
Since 2'-FL is adequately identified in S3—45 and no safety or technological concerns have
been identified regarding the current limits for 2'-FL and fucosyl-galactose, FSANZ is
proposing that these limits remain unchanged (see Table 2).

2.3.1 Impurities

The applicant’s product contains a minimum of 94% 2'-FL and an absence of fucosyl-
galactose. There are smaller amounts of other carbohydrates present, including D-lactose,
3-Fucosyllactose, difucosyl-D-lactose, D-glucose and D-galactose. The applicant submitted
analytical data for 3 batches of their 2'-FL which met the currently approved specification for
2'-FL in S3—45. Additionally, separate testing confirmed DNA or proteins from the
production strain were absent in the final product.

The current specification for 2'-FL from E. coli BL21 in S3—45 includes a requirement for
‘GMO detection — not detected’. This criterion is inconsistent with other 2'-FL specifications
in the Code (S3—40, S3—51, S3—54(A)), and, given that residual DNA and proteins from
the production strain have been shown to be absent, is considered redundant. This
redundancy also applies to the existing permission approved under Application A1190.
FSANZ therefore proposes removing the GMO non-detection requirement from the
specification, to ensure consistency and regulatory clarity between permissions.

Table 2: Proposed specification for 2"-FL from E. coli BL21 (based on current
specification in S3—45)

Parameter Specification

Chemical name a-L-fucopyranosyl-(1—2)-p-D-galactopyranosyl-(1—4)-D-glucopyranose
Chemical formula C18H32015

CAS number 41263-94-9

Description White to off-white ivory powder, or a colourless to slightly yellow liquid



https://www.foodstandards.gov.au/food-standards-code/applications/A1190

2'-FL not less than 90.0%
D-lactose not more than 5.0%
L-fucose not more than 3.0%

3-fucosyllactulose

not more than 5.0%

difucosyllactose

not more than 5.0%

fucosyl-galactose

not more than 3.0%

glucose not more than 3.0%

galactose not more than 3.0%

water not more than 9.0% for powder, n/a for liquid

solids 45% wi/v (£ 5%) dry matter in water, not applicable for powder

ash, sulphated not more than 0.5%

residual proteins not more than 0.01%

lead not more than 0.02 mg/kg
arsenic not more than 0.2 mg/kg
cadmium not more than 0.1 mg/kg
mercury not more than 0.5 mg/kg

Microbiological

Salmonella absent in 100 g for powder, absent in 200 mL for liquid

not more than 10000 cfu/g for powder, not more than 5000 cfu/g for

total plate count liquid

Coliforms/enterobact

X absent in 11 g for powder, absent in 22 mL for liquid
eriaceae

yeasts and moulds not more than 100 cfu/g for powder, not more than 50 cfu/g for liquid

aflatoxin M1 not more than 0.025 ug/kg

endotoxins

not more than 10 EU/mg

2.4 Analytical methods for detection

Internal methods and Chinese standard methods from the Chinese Pharmacopoeia and Guo
Biao (GB) (Chinese national food safety standards) have been utilised to detect and quantify
2'FL and other parameters in the proposed specification. This includes for other
carbohydrates, water, residual proteins, heavy metals and microbiological components.



2.5 Food technology conclusion

The applicant’s 2'-FL, produced by a microbial fermentation method of production, is
chemically and structurally identical to the naturally occurring substance present in human
milk. It is also chemically and structurally identical to 2'-FL previously assessed and
permitted by FSANZ.

There is an appropriate specification in S3—45 for 2'-FL from E. coli BL21. FSANZ is
proposing minor amendments to that specification for clarity and consistency with other
specifications in Schedule 3.

Stability studies of the applicant’s 2'-FL concluded that the nutritive substance as a powder
is stable for 12 months when stored at ambient conditions (25°C and 60% RH) and up to 15
months under accelerated conditions (40°C and 75% RH). The applicant’s 2'-FL when added
to powdered infant formula is stable for 6 months under accelerated conditions (40°C, 75%
RH).



3 Safety assessment

Some information relevant to this section is CCl, so full details cannot be provided in this
public report.

3.1 GM production strain assessment
3.1.1 Host organism

The host organism used by the applicant is Escherichia coli BL21 (DE3). This organism is a
direct derivative of E. coli BL21 with minimal, well characterised divergence. Due to this
minimal divergence, FSANZ’s microbiological assessment will determine the safety of the
E. coli BL21(DE3) at the strain level of BL21.

Escherichia coli is a facultative anaerobic, gram-negative, rod-shaped bacteria found in the
gut of mammals (Guerra et al. 2019). E. coli strains can be pathogenic to humans causing a
wide range of diseases, some of which can be fatal (Guerra et al. 2019, Mir and Kudva
2019). However, there are strains of E. coli, termed safe strains, that are used in research
and industry specifically because of their inability to cause disease in humans (Bauer et al.
2008). E. coli BL21 is one of these safe strains. E. coli BL21 lacks well-recognised
pathogenic mechanisms (Chart et al. 2000). As such it is classified as non-pathogenic and is
categorised as a Biosafety Level 1 organism (Pinske et al. 2011). Along with other safe
strains of E. coli, including strains K-12, B, C, and their derivatives, BL21 is designated as a
Risk Group 1 organism (Bauer et al. 2008).

Escherichia coli BL21 is widely used in biotechnology, molecular biology, and industrial
applications (Pinske et al. 2011, Kim et al. 2017). Originally developed for its utility as an
expression host, BL21 has a long history of safe use in research and production of
recombinant proteins and other bioproducts. Because of its extensive industrial use, BL21
has previously been assessed by regulatory agencies, including the U.S. Food and Drug
Administration (FDA), the European Food Safety Authority (EFSA) and FSANZ (in
applications A1190 and A1318), for use in industrial processes under Good Manufacturing
Practices (GMP). The use of BL21 as the production organism of food ingredients has been
concluded to be ‘generally recognised as safe’ (GRAS) numerous times over the past
decade (e.g. GRNs 485, 571, 876, 921, 922, 923, 925, 1015, and 1016).

The E. coli BL21 production strain assessed here has been genetically modified to contain a
gene from Akkermansia muciniphila expressing the a-1,2-fucosyltransferase enzyme for the
purpose of 2-FL production, see section 3.1.3 (Characterisation of the GM production
organism) for more detail. The taxonomic identity of the production strain was confirmed by
CCI data provided by the applicant. Furthermore, batch analyses demonstrate that the final
product is absent of residual DNA and protein from the production organism.

Overall, no public health and safety concerns were identified for the use of E. coli BL21 as a
production organism.

3.1.2 Gene donor organisms
The gene donor organisms are E. coli K12 and A. muciniphila. All inserted genes were

synthesised chemically prior to insertion. This avoids the possibility of any extraneous DNA
from the gene donor organisms being inadvertently transferred to the production strain.



3.1.3 Characterisation of the GM production organism
3.1.3.1 Development of the GM production strain

The production strain E. coli EC102 was developed by modifying the host E. coli BL21
genome in three sequential steps as follows:

1. Partial knockout of the lacZ gene, encoding B-galactosidase;
Substitution of the wecaKLM gene, which is involved in colanic acid biosynthesis, with
the FRS-GRS-CRS-BRS gene cluster from E. coli K12;

3. Substitution of the wcad gene, encoding UDP-glucose lipid carrier transferase, with
the AKTRS gene from A. muciniphila.

The FRS-GRS-CRS-BRS gene cluster from E. coli K12 encodes:

GDP-L-fucose synthase;
GDP-D-mannose-4,6-dehydratase;

alpha-D-mannose phosphate guanylyltransferase; and
phosphomannomutase.

The AKTRS gene from A. muciniphila encodes alpha-1,2-fucosyltransferase.
Together, the inserted heterologous genes direct the biosynthesis of 2'-FL.

Each of the inserted genes were introduced into the genome of the host strain using
CRISPR/Cas9 editing. Each target gene and its corresponding single guide RNA (sgRNA)
sequence were cloned into the plasmid vector pTargetF. Following editing, the plasmid
vectors were removed, resulting in the final production strain EC102.

3.1.3.2 Characterisation of introduced DNA

Polymerase chain reaction (PCR) was used to verify the presence of the inserted DNA in the
production strain. These analyses confirmed the presence of the intended genomic
insertions in the production strain.

3.1.3.3 Genetic stability and inheritance of the introduced DNA

The PCR analyses that were used to demonstrate the presence of the inserted DNA in the
production strain also showed that these insertions were stable over 8 successive
generations. Transcription levels from the exogenous genes were measured by reverse
transcription quantitative PCR (rt-qPCR) and were shown to be stable over 8 generations.

Data was also provided showing the growth rate and production of 2'-FL by the production
strain was stable over 8 generations, providing further indirect evidence for the stability of
the inserted DNA.

3.1.4 Conclusion

FSANZ’s microbiological risk assessment did not identify any public health and safety
concerns associated with the use of E. coli BL21 as a production organism for 2'-FL.

Characterisation of the GM production strain confirmed all introduced genes were inserted
as expected and were genetically stable and functional.



Based on the data provided, no safety concerns were identified in the assessment of the 2'-
FL production strain.

3.2 Toxicology assessment
3.2.1 Previous FSANZ safety assessments of 2'-FL
A range of toxicological and human clinical studies of 2'-FL have previously been reviewed

by FSANZ as part of multiple applications, as listed at the following link: Current status of
genetically modified foods applications | Food Standards Australia New Zealand.

2'-FL is structurally and chemically identical to the form naturally present in human milk. As
such, no differences in pharmacokinetics or safety between the naturally occurring and
manufactured forms of 2'-FL is expected. Intestinal absorption is limited, and a significant
proportion of 2'-FL reaches the large intestine where it is fermented by the microbiota or
excreted unchanged in the faeces. 2'-FL is not genotoxic and does not produce adverse
effects in short-term oral toxicity studies, including studies using neonatal animal models. In
human clinical studies, consumption of infant formula products containing 2'-FL was safe
and well tolerated.

3.2.2 Newly available data

The applicant submitted several proprietary toxicological studies with their 2'-FL preparation
which were reviewed in the present assessment:

Acute oral toxicity study in mice

90-day oral toxicity study in rats

Bacterial reverse mutation assay

In vivo micronucleus test in mice

In vivo spermatogonial chromosome aberration assay in mice
Developmental toxicity study in rats

All studies were performed by China Metrology Accreditation (CMA)-certified laboratories,
following the evaluation procedures and methods of the National Food Safety Standard GB
15193 (GB 15193. National Food Safety Standard — General Rules for Toxicological
Assessment of Food. Standardization Administration of the People's Republic of China,
Beijing).

The applicant also conducted literature searches to identify new toxicological and human
clinical studies of 2'-FL published between January 2022 and June 2025.

No toxicological studies that have not previously been reviewed by FSANZ were identified.
Seven human studies were identified, two of which were previously evaluated by FSANZ
(Jochum et al 2023, reviewed in application A1308, and Lazarini et al 2025, reviewed in
application A1334). Four additional studies were not considered relevant for the present
assessment as they did not report measures of safety such as adverse events. The
remaining study was included in the evaluation.

3.2.2.1 Toxicological studies with the applicant’s 2'-FL

Acute oral toxicity study in rats (CCl) Regulatory status: Conducted in a CMA-accredited
laboratory, in accordance with National Food Safety Standard GB 15193.3-2014

In an acute oral toxicity study, groups of 10 male and 10 female ICR mice were administered


https://www.foodstandards.govt.nz/consumer/gmfood/current-status-genetically-modified-foods-applications#microbial
https://www.foodstandards.govt.nz/consumer/gmfood/current-status-genetically-modified-foods-applications#microbial

a single dose of 10,000 mg/kg bw 2'-FL. Animals were monitored for 14 days following
treatment then underwent gross necropsy. All animals survived to the end of the study and
no clinical signs of toxicity were observed. No abnormalities were found in the gross
pathology examinations. The LDsg of 2'-FL in this study was > 10,000 mg/kg bw.

90-day oral toxicity study in rats (CCl) Regulatory status: Conducted in a CMA-accredited
laboratory, in accordance with National Food Safety Standard GB 15193.13-2015

In a 90-day oral toxicity study, 2'-FL was administered in the diet to SD rats (10/sex/group) at
concentrations of 0, 2.5%, 5.0% or 10.0% (equivalent to 0, 2000, 4000 or 8000 mg/kg
bw/day). Additional mid-term satellite control and high dose groups (5/sex/group) were
treated for 45 days then necropsied the following day. Clinical signs, body weight, food
consumption and food efficiency were recorded throughout the study. Ophthalmic
examinations were conducted on the satellite animals and those in the main study control
and high dose groups. Haematology, clinical chemistry and urinalysis examinations were
performed at 45 days (mid-term satellite groups) and at the end of the 90-day treatment
period. All animals underwent gross pathological examination at termination and organ
weights were recorded. Histopathological examinations were performed on tissues from
animals in the satellite and main study control and high dose groups.

All animals survived to the end of the study. There were no treatment-related adverse effects
on any of the test parameters. The no observed adverse effect level (NOAEL) in this study
was 10.0% (equivalent to 8000 mg/kg bw/day), the highest dose tested.

Developmental toxicity study in rats (CCl) Regulatory status: Conducted in a CMA-
accredited laboratory, in accordance with National Food Safety Standard GB 15193.14-2015

In a pre-natal developmental toxicity study, mated female SD rats were given 0 (n=19), 2000
(n=18), 4000 (n=18) or 8000 (n=17) mg/kg bw 2'-FL by oral gavage on gestation days (GD)
6—15. Water was used as the vehicle control. Clinical signs were monitored daily and body
weights were recorded periodically. On GD 20 rats were killed and the uterine contents were
examined. After gross examination of fetuses approximately half of each litter were prepared
for skeletal examination while the other half were prepared for visceral examination.

No mortality or clinical signs of toxicity were observed in maternal animals. There were no
treatment-related effects on body weight, gestational weight gain, weight of uterus and fetus
and net weight gain of pregnant rats. There were no differences in the number of corpus
lutea, implantations, live fetuses, absorbed fetuses and dead fetuses in the treated groups
compared with control. There were no differences in length and body weight of fetuses. No
treatment-related changes in the incidence of appearance, visceral and skeletal
malformations were observed.

The NOAEL for maternal toxicity and for fetal toxicity was 8000 mg/kg bw/day, the highest
dose tested.

3.2.2.2 Genotoxicity studies with the applicant’s 2'-FL

Several genotoxicity studies with the applicant’s 2'-FL were submitted. These studies were
performed in accordance with Chinese testing requirements, and were generally consistent
with OECD Test Guidelines with some deviations as noted below. Appropriate positive
controls were included in these studies and produced the expected responses.

No evidence of mutagenicity, clastogenicity or aneugenicity were observed in these studies
(Table 3).



Table 3: Genotoxicity studies of 2'-FL

Test!

Bacterial reverse

mutation test (GB

15193.4-2014;
generally
equivalent to
OECD TG 471)

In vivo
mammalian
erythrocyte

micronucleus test

(GB 15193.5-
2014; generally
equivalent to
OECD TG 474)
In vivo
mammalian
spermatogonial
chromosomal
aberration test
(GB 159193-8-
2014; generally
equivalent to
OECD TG 483)

Test object

Salmonella
typhimurium
TA97a, TA9S,
TA100, TA102
and TA1535

ICR mouse bone
marrow

ICR mouse
spermatogonia

' Study references are CCI.

Concentration

Test 1: 0, 50,
158.1, 500, 1581
or 5000 ug/plate

Test 2: 0, 80, 40,
200, 1000 or
5000 pg/plate

0, 2500, 5000 or
10,000 mg/kg bw

0, 2500, 5000 or
10,000 mg/kg bw

Results

Negative + S9

Negative?

Negatived

2 Study had several deviations from OECD Test Guideline 474: Bone marrow was collected 6 hours after the last
treatment rather than the recommended 18—24 hours. Two thousand polychromatic erythrocytes per animal were
scored for micronuclei, and 200 erythrocytes were scored for the proportion of immature erythrocytes, rather than
the recommended 4000 and 500, respectively. However, positive controls produced the expected response.
Bone marrow exposure was not confirmed in this study.

3 One hundred metaphases from each animal underwent chromosome analysis, rather than the 200
recommended by OECD Test Guideline 483. However, positive controls produced the expected response.
Systemic exposure was not confirmed in this study.

3.2.2.3 Human studies of 2'-FL

One study not previously reviewed by FSANZ and considered relevant to the assessment
was identified in the applicant’s literature search.

In a randomized, controlled, single-blinded (participants) crossover study, 82 Thai children
aged 8-14 months were enrolled to consume a single serving of follow up formula containing
isotopically labelled ferrous sulfate (2.2 mg iron) with 400 mg/100 mL, galacto-
oligosaccharide (GOS) and L. reuteri DSM 17938, follow up formula containing 2'-FL (100
mg/100 mL), and follow up formula without GOS/L. reuteri or 2'-FL. The three formulas were
consumed by participants in random order and a 3-day washout period took place between
the interventions. Adverse events and serious adverse events were assessed by the study
paediatrician during periodic visits to the study site. Seasonal influenza accounted for ~75%
(n=33) of the total adverse events reported during the trial, followed by diarrhea (n=6) and
other causes (n=6) such as insect bites, rashes, and skin injuries due to falling. Serious
adverse events occurred in 2 cases due to gastroenteritis and herpangina. No adverse
events were attributed to consumption of 2'-FL (Scheuchzer et al 2024).

3.2.3 Safety assessments by other agencies

As noted in previous FSANZ assessments, the European Food Safety Authority (EFSA) has



assessed 2'-FL from multiple sources as a novel food, including for addition to infant formula
and follow-on formula. EFSA has concluded that 2'-FL is safe for its intended uses.

Health Canada has also completed novel food safety assessments for 2'-FL from a variety of
sources. These reviews have concluded that 2'-FL does not pose a risk to human health
when used as an ingredient in infant formulas and toddler formulas.

The applicant has indicated that a generally recognised as safe (GRAS) notification has
been submitted to the US Food and Drug Administration (US FDA) and is currently under
review.

3.2.4 Summary of the toxicology assessment

Based on previous FSANZ assessments of 2'-FL and the toxicological assessment in the
present application, there are no public health and safety concerns associated with 2'-FL
produced from the new source organism that is the subject of this application.

3.3 Microbiological assessment

FSANZ has completed assessments on microbiological risks and health benefits for previous
applications concerning the production and addition of 2'-FL to infant formula products:
A1155, A1190, A1233, A1251, A1265, A1277, A1283 and A1308 (FSANZ 2020, FSANZ
2021, FSANZ 2022a, FSANZ 2022b, FSANZ 2023a, FSANZ 2023b, FSANZ 2024, FSANZ
2025).

Based on these previous microbiological assessments and considering the identical
chemical structure and functionality of the substance, and that the applicant has not
requested any change in the maximum permitted amount of 2'-FL added to infant formula
products, FSANZ has concluded that there are no microbiological public health and safety
concerns. The associated health benefits from the use of 2'-FL as a nutritive substance in
infant formula products remain unchanged. These include:

¢ An anti-pathogenic effect

e Immunomodulation

e Development of the gut microbiome through support of Bifidobacteria spp. growth.

3.4 Nutrition assessment
3.4.1 Objective of the nutrition assessment

The objective of the nutrition risk assessment is to determine the effect (if any) of the
addition of 2'-FL to infant formula products on infant growth. The Code permits 2'-FL
produced by several source organisms (as described in Section 1 above) to be used as a
nutritive substance in infant formula products at a maximum amount of 96 mg/100 kJ,
equivalent to 2.4 g/L. The applicant has requested permission for the use of 2'-FL from a
genetically modified strain of Escherichia coli BL21(DE3) encoded with the gene for a-1,2-
fucosyltransferase but has not requested a change to the permitted amount.

3.4.2 Previous FSANZ assessments of 2'-FL

FSANZ has previously conducted 9 assessments on the effect of the addition of 2'-FL to
infant formula products on infant growth: A1155, A1190, A1233, A1251, A1265, A1277,
A1283, A1308 and A1334 (FSANZ 2020, FSANZ 2021, FSANZ 2022a, FSANZ 2022b,
FSANZ 2023a, FSANZ 2023b, FSANZ 2024, FSANZ 2025a, FSANZ 2025b).



In these assessments, FSANZ reviewed evidence from 21 clinical trials' and cohort studies
that measured the effects of 2'-FL either alone or in combination with other HIMO or
oligosaccharides on infant growth. Based on the findings from these studies FSANZ
concluded that the addition of 2'-FL to infant formula products at concentrations comparable
to those normally found in human milk is unlikely to adversely affect normal infant growth.

3.4.3 Current assessment

The applicant provided 7 human studies to support their application. All studies were
excluded from the assessment for the following reasons:

o 4 studies did not investigate the effect of the addition of 2'-FL to infant formula on
infant growth (Boulangé et al. 2023; Hill and Buck 2023; Giorgetti et al. 2023;
Scheuchzer et al. 2023).

¢ One study did not include a control group (Ramirez-Farias et al. 2024).

o 2 studies were previously assessed by FSANZ in Application A1308 (Jochum et al.
2023) and A1334 (Lazarini et al. 2025).

FSANZ conducted a literature search in PubMed on 01 October 20252 to identify any
additional studies published since the previous assessment. The search returned 11 studies.
Ten of these studies were not considered relevant to include in the nutrition assessment as
they did not report the effect of adding 2'-FL to infant formula products on infant growth. One
clinical trial was considered.

Yang et al. (2025) investigated the effect of infant formula supplemented with 2'-FL on
infantile colic, atopic dermatitis and growth. The prospective, open-label clinical trial studied
338 full-term healthy infants of which 113 infants were breastfed (BM), 111 fed control
formula (FF), and 114 fed formula supplemented with 2'-FL (FF_2'-FL) for 1 year. Infants
were followed up at birth and at weeks 4, 8, 16, 24, and 52 after delivery. Data collected
included body weight, height and head circumference.

Infant anthropometric measures were recorded at baseline and 2 month intervals until 12
months. No significant difference was observed for any measurement including mean body
weight at 12 months: 9.3+1.3 (xSD), 9.6+0.93, and 9.5+1.11 kg; mean height: 73.2+1.5,
76.0+2.4, and 75.3+4.9 cm, and head circumference: 44.5+1.1, 45.7+1.4, and 45.8+1.3 cm
in the BM, FF, and FF_2'-FL groups respectively (p > 0.05). However, several limitations of
the study were noted including:
e Lack of randomisation and blinding of participants
¢ No data relating to loss to follow-up was included
e Exclusive breastfeeding was undertaken for 4 months and full or partial consumption
of infant formula was undertaken for 6 months however limited data without statistical
analysis was provided at the 4 or 6 month timepoints when complementary feeding
may have commenced

e No age at commencement provided.

Due to these limitations the study was not considered in the body of evidence.

1 (Marriage et al. 2015; Kajzer et al. 2016; Puccio et al. 2017; Sprenger et al. 2017; Reverri et al. 2018; Larsson
et al. 2019; Storm et al. 2019; Berger et al. 2020; Lagstrom et al. 2020; Leung et al. 2020; Roman et al. 2020;
Vandenplas et al. 2020; Parschat et al. 2021; Ramirez-Farias et al. 2021; Alliet et al. 2022; Cohen 2022; Gold et
al. 2022; Lasekan et al. 2022; Vandenplas et al. 2022; Wallingford et al. 2022; Lazarini et al. 2024)

2 Search terms: "2'FL or 2'-FL or 2'-fucosyllactose or 2'fucosyllactose" and "milk or breast or formula" and
"anthropometric or weight or growth or development" and "child or infant or baby or maternal" Filters: from
2025/7/23 - 3000/12/120FFICIAL



3.4.4 Summary of nutrition assessment

FSANZ has previously conducted 9 nutrition assessments on the effect of the addition of
2'-FL to infant formula products on the growth of infants. These assessments found that the
addition of 2'-FL to infant formula products at concentrations normally found in human milk
does not pose a risk to normal growth of infants.

Since the completion of the previous assessment, one new relevant study was identified that
did not find any significant difference in infant growth between infants that consumed formula
containing 2'-FL, control formula or were breastfed for up to one year (Yang et al. 2025).
However, several limitations in the study design and reporting were identified and
consequently the study was not considered in the body of evidence. Therefore, FSANZ
maintains the conclusion that 2'-FL added to infant formula products at concentrations found
in human milk is unlikely to affect infant growth.

4 Conclusions

FSANZ has previously determined there are no safety concerns associated with the addition
of 2'-FL to infant formula products at concentrations up to 2.4 g/L. Newly available
information did not indicate a reason to change this conclusion.

Toxicity studies previously reviewed by FSANZ demonstrated 2'-FL is not genotoxic and
does not produce adverse effects in short-term oral toxicity studies, including studies using
neonatal animal models. In human clinical studies, infant formula products containing 2'-FL
was safe and well tolerated. Newly available toxicity studies of the applicant’s 2'-FL were
consistent with the previously reviewed data. In a 90-day oral toxicity study in rats, the
NOAEL was 10.0% (equivalent to 8000 mg/kg bw/day), the highest concentration tested. In
a prenatal developmental toxicity study in rats, the NOAEL for maternal and fetal toxicity was
8000 mg/kg bw/day, the highest dose tested. 2'-FL was not genotoxic in vitro or in vivo.

The microbiological assessment undertaken by FSANZ did not identify any public health and
safety concerns associated with using GM E. coli BL21 as a production organism for 2'-FL.
Characterisation of the GM production strain confirmed that all introduced genes were
genetically stable and functional.

The associated health benefits from the addition of 2'-FL to infant formula products for
infants remain the same: (1) an anti-pathogenic effect; (2) immunomodulation; and (3)
development of the gut microbiome through supporting growth of Bifidobacteria spp.

FSANZ has previously conducted 9 assessments, consisting of 21 studies, on the effect of
the addition of 2'-FL to infant formula products on the growth of infants. These assessments
found that the addition of 2'-FL to infant formula products at concentrations normally found in
human milk does not pose a risk to normal growth of infants. In the current assessment no
new relevant studies were included in the body of evidence. Therefore, FSANZ maintains
the conclusion that the addition of 2'-FL to infant formula products at levels typically found in
human milk does not pose a risk to normal infant growth.

Based on the available data, there are no public health and safety concerns associated with
the addition of 2'-FL from the new source organism to infant formula products at the
maximum permitted amount in the Code.



5 References

Alliet P, Vandenplas Y, Roggero P, Jespers SNJ, Peeters S, Stalens JP, Kortman GAM,
Amico M, Berger B, Sprenger N, Cercamondi Cl, Corsello G (2022) Safety and efficacy of a
probiotic-containing infant formula supplemented with 2'-fucosyllactose: a double-blind
randomized controlled trial. Nutrition Journal 21:11

doi: 10.1186/s12937-022-00764-2

Bauer AP, Ludwig W, Schleifer K-H (2008) A novel DNA microarray design for accurate and
straightforward identification of Escherichia coli safety and laboratory strains. Systematic and
Applied Microbiology, 31(1):50-61.doi:https://doi.org/10.1016/j.syapm.2008.01.001

Berger PK, Plows JF, Jones RB, Alderete TL, Yonemitsu C, Poulsen M, Ryoo JH, Peterson
BS, Bode L, Goran Ml (2020) Human milk oligosaccharide 2'-fucosyllactose links feedings at
1 month to cognitive development at 24 months in infants of normal and overweight mothers.
PLoS One 15(2): e0228323. doi: 10.1371/journal.pone.0228323

Boulangé CL, Pedersen HK, Martin F-P, Siegwald L, Palleja Caro A, Eklund AC, Jia W,
Zhang H, Berger B, Sprenger N, Heine RG, Group CSI (2023) An Extensively Hydrolyzed
Formula Supplemented with Two Human Milk Oligosaccharides Modifies the Fecal
Microbiome and Metabolome in Infants with Cow’s Milk Protein Allergy. International Journal
of Molecular Sciences, 24(14):11422. https://www.mdpi.com/1422-0067/24/14/11422

Chart H, Smith HR, La Ragione RM, Woodward MJ (2000) An investigation into the
pathogenic properties of Escherichia coli strains BLR, BL21, DH5a and EQ1. Journal of
Applied Microbiology, 89(6):1048-1058.d0i:10.1046/j.1365-2672.2000.01211.x

Cohen SS (2022) Growth, safety and efficacy of a starter infant formula, follow-up formula,
and growing-up milk supplemented with a blend of five human milk oligosaccharides: a
double-blind, randomized, controlled trial. Second generation HMOs blend study: 12 month
report. EpidStrategies, a division of ToxStrategies, Inc. epub (Study No: 16.24.INF; NPDI
Code No: DNUT-109692)

FSANZ (2020) Review of Application A1155 — 2'-FL and LNnT in infant formula and other
products. Supporting Document 1. Review of new toxicology, clinical safety, growth and
development studies. Report prepared by Food Standards Australia New Zealand,
Canberra.https://www.foodstandards.gov.au/sites/default/files/food-standards-
code/applications/Documents/A1155%20Review%20SD1%20Safety%20and%20growth%20

-pdf

FSANZ (2021) Application A1190 - 2'-FL and LNnT in infant formula and other products.
Supporting Document 1 at First Call for Submissions. Risk and safety assessment. Report
prepared by Food Standards Australia New Zealand, Canberra.
https://www.foodstandards.gov.au/sites/default/files/food-standards-
code/applications/Documents/A1190 SD1%20at%20Approval.pdf

FSANZ (2022a) Application A1233 - 2"-FL from new GM source for infant formula. Supporting
Document 1 — Food technology and safety assessment at approval. Report prepared by
Food Standards Australia New Zealand, Canberra.
https://www.foodstandards.gov.au/sites/default/files/food-standards-
code/applications/Documents/A1233%20SD1%20at%20approval.pdf

FSANZ (2022b) Application A1251 - 2'-FL combined with galacto-oligosaccharides and/or


https://www.mdpi.com/1422-0067/24/14/11422
https://www.foodstandards.gov.au/sites/default/files/food-standards-code/applications/Documents/A1155%20Review%20SD1%20Safety%20and%20growth%20.pdf
https://www.foodstandards.gov.au/sites/default/files/food-standards-code/applications/Documents/A1155%20Review%20SD1%20Safety%20and%20growth%20.pdf
https://www.foodstandards.gov.au/sites/default/files/food-standards-code/applications/Documents/A1155%20Review%20SD1%20Safety%20and%20growth%20.pdf
https://www.foodstandards.gov.au/sites/default/files/food-standards-code/applications/Documents/A1190_SD1%20at%20Approval.pdf
https://www.foodstandards.gov.au/sites/default/files/food-standards-code/applications/Documents/A1190_SD1%20at%20Approval.pdf
https://www.foodstandards.gov.au/sites/default/files/food-standards-code/applications/Documents/A1233%20SD1%20at%20approval.pdf
https://www.foodstandards.gov.au/sites/default/files/food-standards-code/applications/Documents/A1233%20SD1%20at%20approval.pdf

insulin-type fructans in infant formula products. Supporting Document 1 — Food technology
and safety assessment at approval. Report prepared by Food Standards Australia New
Zealand, Canberra. https://www.foodstandards.gov.au/sites/default/files/food-standards-
code/applications/Documents/A1251%20SD1.pdf

FSANZ (2023a) Application A1265 - 2"-FL/DFL, LNT, 6'-SL sodium salt and 3'-SL sodium salt
for use as nutritive substances in infant formula products. Supporting Document 1 at First
Call for Submissions. Report prepared by Food Standards Australia New Zealand, Canberra.
Available online at: https://www.foodstandards.gov.au/sites/default/files/2023-
11/A1265%20SD1%20at%20approval.pdf

FSANZ (2023b) Application A1277 - 2'-FL from GM Escherichia coli K-12 (gene donor:
Helicobacter enhydrae) in infant formula products. Supporting Document 1 at First Call for
Submissions. Risk and technical assessment. Report prepared by Food Standards Australia
New Zealand, Canberra. https://www.foodstandards.gov.au/sites/default/files/2023-
11/A1277%20SD1.pdf

FSANZ (2024) Application A1283 - 2'-FL from GM Corynebacterium glutamicum in infant
formula products. Supporting Document 1. Risk and technical assessment. Report prepared
by Food Standards Australia New Zealand, Canberra.
https://www.foodstandards.gov.au/sites/default/files/2024-02/A1283%20SD1.pdf

FSANZ (2025a) Application A1308 - 2'-FL from GM Escherichia coli W in infant formula
products. Supporting Document at approval. Risk and technical assessment. Report
prepared by Food Standards Australia New Zealand, Canberra.
https://www.foodstandards.gov.au/sites/default/files/2025-
05/A1308%20SD1%20at%20Approval 0.pdf

FSANZ (2025b) Application A1334 - 2'-FL from GM Corynebacterium glutamicum (gene
donor: Corynebacterium urealyticum) in infant formula products. Supporting Document 1 at
First Call for Submissions. Report prepared by Food Standards Australia New Zealand,
Canberra. https://www.foodstandards.gov.au/sites/default/files/2025-10/A1334%20CF S.pdf

Giorgetti A, Paganini D, Nyilima S, Kottler R, Frick M, Karanja S, Hennet T, Zimmermann MB
(2023) The effects of 2'-fucosyllactose and lacto-N-neotetraose, galacto-oligosaccharides,
and maternal human milk oligosaccharide profile on iron absorption in Kenyan infants. The
American Journal of Clinical Nutrition, 117(1):64-72
doi:https://doi.org/10.1016/j.ajcnut.2022.10.005

Gold MS, Quinn PJ, Campbell DE, Peake J, Smart J, Robinson M, O’Sullivan M, Vogt JK,
Pedersen HK, Liu X, Pazirandeh-Micol E, Heine RG (2022) Effects of an amino acid-based
formula supplemented with two human milk oligosaccharides on growth, tolerability, safety,
and gut microbiome in infants with cow's milk protein allergy. Nutrients 14(11):2297 [19pp,
plus supplementary data]

doi: 10.3390/nu14112297

Guerra S, Lechinski de Paula C, Daza Bolanos CA, Hernandes R, Ribeiro M (2019)
Virulence factors of Escherichia coli: an overview of animal and human infections with
emphasis in bovine mastitis. Semina: Ciéncias Agrarias, 40:2087.d0i:10.5433/1679-
0359.2019v40n5p2087

Hill DR and Buck RH (2023) Infants Fed Breastmilk or 2'-FL Supplemented Formula Have
Similar Systemic Levels of Microbiota-Derived Secondary Bile Acids. Nutrients, 15(10):2339.
https://www.mdpi.com/2072-6643/15/10/2339



https://www.foodstandards.gov.au/sites/default/files/food-standards-code/applications/Documents/A1251%20SD1.pdf
https://www.foodstandards.gov.au/sites/default/files/food-standards-code/applications/Documents/A1251%20SD1.pdf
https://www.foodstandards.gov.au/sites/default/files/2023-11/A1265%20SD1%20at%20approval.pdf
https://www.foodstandards.gov.au/sites/default/files/2023-11/A1265%20SD1%20at%20approval.pdf
https://www.foodstandards.gov.au/sites/default/files/2023-11/A1277%20SD1.pdf
https://www.foodstandards.gov.au/sites/default/files/2023-11/A1277%20SD1.pdf
https://www.foodstandards.gov.au/sites/default/files/2024-02/A1283%20SD1.pdf
https://www.foodstandards.gov.au/sites/default/files/2025-05/A1308%20SD1%20at%20Approval_0.pdf
https://www.foodstandards.gov.au/sites/default/files/2025-05/A1308%20SD1%20at%20Approval_0.pdf
https://www.foodstandards.gov.au/sites/default/files/2025-10/A1334%20CFS.pdf
https://www.mdpi.com/2072-6643/15/10/2339

Jochum F, Meyer-Krott M, Hlbler T, Lorenz M, Bedikian R, Zakarian J, Litzka A, Judex G,
Hertzberg H, Klee D, Maurer L, Schacht M, Al-Radhi A, Maier J, Kréckel A, Faustmann C,
Lavalle L, Dahbane S (2023) Real-world evidence study on tolerance and growth in infants
fed an infant formula with two human milk oligosaccharides vs mixed fed and exclusively
breastfed infants. Mol Cell Pediatr 10(1):7.

Kajzer J, Oliver JS, Marriage BJ (2016) Gastrointestinal tolerance of formula supplemented
with oligosaccharides. The FASEB Journal 30: Abstract 671.4
doi: 10.1096/fasebj.30.1_supplement.671.4

Kim S, Jeong H, Kim E-Y, Kim JF, Lee SY, Yoon SH (2017) Genomic and transcriptomic
landscape of Escherichia coli BL21(DE3). Nucleic Acids Research, 45(9):5285-
5293.doi:10.1093/nar/gkx228

Lagstrom, H, Rautava S, Ollila H, Kaljonen A, Turta O, Makela J, Bode L (2020) Associations
between human milk oligosaccharides and growth in infancy and early childhood. The
American Journal of Clinical Nutrition 111(4): 769-778 doi: 10.1093/ajcn/nqaa010

Larsson MW, Lind MV, Laursen RP, Yonemitsu C, Larnkjzer A, Mglgaard C,

Michaelsen KF, Bode L (2019) Human milk oligosaccharide composition is associated with
excessive weight gain during exclusive breastfeeding - an explorative study. Frontiers in
Pediatrics 7:297 doi: 10.3389/fped.2019.00297

Lasekan J, Choe Y, Dvoretskiy S, Devitt A, Zhang S, Mackey A, Wulf K, Buck R, Steele C,
johnson M, Baggs G (2022) Growth and gastrointestinal tolerance in healthy term infants fed
milk-based infant formula supplemented with five human milk oligosaccharides (HMOs): a
randomized multicenter trial. Nutrients 14(13):265

doi: 10.3390/nu14132625

Lazarini T, Tonon KM, Araujo Filho HB, Morais MB (2025) Bifidogenic effect of 2'-
fucosyllactose (2'-FL) on the gut microbiome of healthy formula-fed Infants: A Randomized
Clinical Trial. Nutrients. 11;17(6):973.

Leung TF, Ulfman LH, Chong MKC, Hon KL, Khouw IMSL, Chan PKS, Delsing DJ, Kortman
GAM, Bovee-Oudenhoven IMJ (2020) A randomized controlled trial of different young child
formulas on upper respiratory and gastrointestinal tract infections in Chinese toddlers.
Pediatric Allergy Immunology 31:745-754

doi: 10.1111/pai.13276

Marriage BJ, Buck RH, Goehring KC, Oliver JS, Williams JA (2015) Infants fed a lower
calorie formula with 2'-FL show growth and 2'-FL uptake like breast-fed infants. Journal of
Pediatric Gastroenterology and Nutrition 61:649-658 doi:10.1097/MPG.0000000000000889

Mir RA, Kudva IT (2019) Antibiotic-resistant Shiga toxin-producing Escherichia coli: An
overview of prevalence and intervention strategies. Zoonoses Public Health, 66(1):1-
13.d0i:10.1111/zph.12533

Parschat K, Melsaether C, Japelt KR, Jennewein S (2021) Clinical evaluation of 16-Week
supplementation with 5SHMO-mix in healthy-term human infants to determine tolerability,
safety, and effect on growth. Nutrients. 13(8): 2871 doi: 10.3390/nu13082871

Pinske C, Bénn M, Kriger S, Lindenstraufld U, Sawers RG (2011) Metabolic Deficiences
Revealed in the Biotechnologically Important Model Bacterium Escherichia coli BL21(DE3).
PLOS ONE, 6(8):€22830.doi:10.1371/journal.pone.0022830



Puccio G, Alliet P, Cajozzo C, Janssens E, Corsello G, Sprenger N, Wernimont S, Egli D,
Gosoniu L, Steenhout P (2017) Effects of infant formula with human milk oligosaccharides on
growth and morbidity: A Randomized Multicenter Trial. Journal of Pediatric Gastroenterology
and Nutrition 64:624—631 doi: 10.1097/MPG.0000000000001520

Ramirez-Farias C, Baggs GE, Marriage BJ (2021) Growth, tolerance, and compliance of 20
infants fed an extensively hydrolyzed infant formula with added 2'-FL fucosyllactose (2'-FL)
human milk oligosaccharide. Nutrients 13:186 doi: 10.3390/nu13010186

Ramirez-Farias C, Oliver JS, Schlezinger J, Stutts JT (2024) Tolerance of Infants Fed a
Hydrolyzed Rice Infant Formula with 2'-Fucosyllactose (2'-FL) Human Milk Oligosaccharide
(HMO). Nutrients, 16(12):1863. https://www.mdpi.com/2072-6643/16/12/1863

Reverri EJ, Devitt AA, Kajzer JA, Baggs GE, Borschel MW (2018) Review of the clinical
experiences of feeding infants formula containing the human milk oligosaccharide 2'-
fucosyllactose. Nutrients 10(10): 1346 doi: 10.3390/nu10101346

Roman E, Moreno Villares JM, Dominguez Ortega F, Carmona Martinez A, Pico Sirvent L,
Santana Sandoval L, Casas Rivero J, Alshweki A, Cercamondi C, Dahbane S, Vidal Guevara
ML (2020) Real-world study in infants fed an infant formula with two human milk
oligosaccharides. Nutricion Hospitalaria 37(4): 698-706 doi: 10.20960/nh.03084

Scheuchzer P, Sinawat S, Donzé A-S, Zeder C, Sabatier M, Garcia-Garcera M, Ricci C,
Kamontham T, Zimmermann MB, Baumgartner J (2024) Iron Absorption from an Iron-
Fortified Follow-Up Formula with and without the Addition of a Synbiotic or a Human-Identical
Milk Oligosaccharide: A Randomized Crossover Stable Isotope Study in Young Thai
Children. The Journal of Nutrition, 154(10):2988-2998.
doi:https://doi.org/10.1016/j.tjnut.2024.08.016

Sprenger N, Le Lee Y, Castro CA de, Steenhout P, Thakkar SK (2017) Longitudinal change
of selected human milk oligosaccharides and association to infants' growth, an observatory,
single center, longitudinal cohort study. PLoS One 12(2):e0171814

doi: 10.1371/journal.pone.0171814

Storm HM, Shepard J, Czerkies LM, Kineman B, Cohen SS, Reichert H, Carvalho R (2019)
2'-fucosyllactose is well tolerated in a 100% whey, partially hydrolyzed infant formula with
Bifidobacterium lactis: a randomized controlled trial. Global Pediatric Health doi:
10.1177/2333794X19833995

Vandenplas Y, de Halleuz V, Arciszewska M, Lach P, Pokhylko V, Klymenko V, Schoen S,
Abrahamse-Berkeveld M, Mulder KA, Rubio RP (2020) A partly fermented infant formula with
postbiotics including 3'-GL, specific oligosaccharides, 2'-FL, and milk fat supports adequate
growth, is safe and well-tolerated in healthy term infants: a double-blind, randomised,
controlled, multi-country trial. Nutrients 12: 3560

doi: 10.3390/nu12113560

Vandenplas Y, Zotnowska M, Berni Canani R, Ludman S, Tengelyi Z, Moreno-Alvarez A,
Goh AEN, Gosoniu ML, Kirwan B-A, Tadi M, Heine RG, CINNAMON Study Investigator
Group (2022) Effects of an extensively hydrolyzed formula supplemented with two human
milk oligosaccharides on growth, tolerability, safety and infection risk in infants with cow’s
milk protein allergy: a randomized, multi-center trial. Nutrients 14(3):530

doi: 10.3390/nu14030530

Wallingford JC, Neve-Myers P and Barber CM (2022) Effects of addition of 2-fucosyllactose
to infant formula on growth and specific pathways of utilisation by Bifidobacterium in healthy


https://www.mdpi.com/2072-6643/16/12/1863

term infants. Frontiers in Nutrition 9: 961526 doi: 10.3389/fnut.2022.961526

Yang YJ, Lo HY, Huang SC (2025) Supplementation of 2'-Fucosyllactose in Formula-Fed
Infants Has Potential Benefits to Reduce the Risks of Infantile Colic and Atopic Dermatitis in
Infancy. Pediatr Gastroenterol Hepatol Nutr, 28(5):291-301 doi:10.5223/pghn.2025.28.5.291



