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Abstract
Following a request from the European Commission, the EFSA Panel on Nutrition, 
Novel Foods and Food Allergens (NDA) was asked to deliver an opinion on lacto-
N-fucopentaose I (LNFP-I)/2′-fucosyllactose (2’-FL) mixture as a novel food (NF) 
pursuant to Regulation (EU) 2015/2283. The NF is mainly composed of the human-
identical milk oligosaccharides (HiMO) LNFP-I and 2’-FL, but it also contains 
d-lactose, lacto-N-tetraose, difucosyllactose, 3-fucosyllactose, LNFP-I fructose iso-
mer, 2′-fucosyl-d-lactulose, l-fucose and 2′-fucosyl-d-lactitol, and a small fraction 
of other related saccharides. The NF is produced by fermentation by a genetically 
modified strain (Escherichia coli K-12 DH1 MDO MP2173b) of E. coli K-12 DH1 (DSM 
4235). The information provided on the identity, manufacturing process, compo-
sition and specifications of the NF does not raise safety concerns. The applicant 
intends to add the NF in a variety of foods, including infant formula (IF) and fol-
low-on formula, foods for infants and toddlers, foods for special medical purposes 
and food supplements (FS). The target population is the general population. The 
anticipated daily intake of LNFP-I from use in IF is similar to the estimated natural 
mean highest daily intake in breastfed infants. Overall, the anticipated daily intake 
of LNFP-I from the NF as a food ingredient at the maximum proposed use levels 
is unlikely to exceed the intake level of breastfed infants on a body weight basis. 
The intake in breastfed infants on a body weight basis is expected to be safe also 
for other population groups. The anticipated 2’-FL intake is generally rather low. 
The use of the NF in FS is not intended if other foods with added NF components 
or human milk (for infants and young children) are consumed on the same day. 
The Panel concludes that the NF, a mixture of LNFP-I and 2’-FL, is safe under the 
proposed conditions of use.
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1  |  INTRO DUC TIO N

1.1  |  Background and Terms of Reference as provided by the requestor

On 1 March 2021, the company Glycom A/S submitted a request to the Commission in accordance with Article 10 of 
Regulation (EU) No 2015/22831 to place on the EU market, a lacto-N-fucopentaose I/2′-fucosyllactose (LNFP-I/2’-FL) mixture 
as a novel food (NF).

The NF is intended to be used in a number of foods, in foods for special medical purposes (FSMP) as defined by Regulation 
(EU) 609/20132 and in food supplements (FS) as defined in Directive 2002/46/EC3.

In accordance with Article 10(3) of Regulation (EU) 2015/2283, the European Commission (EC) asks the European Food 
Safety Authority (EFSA) to provide a scientific opinion on the LNFP-I/2’-FL mixture as a NF.

In addition, EFSA is requested to include in its scientific opinion a statement as to if, and if so to what extent, the pro-
prietary data for which the applicant is requesting data protection was used in elaborating the opinion in line with the 
requirements of Article 26(2)(c) of Regulation (EU) 2015/2283.

1.2  |  Additional information

2’-FL is included in the Union list of authorised NFs (Commission Implementing Regulation (EU) 2017/24704) when chemi-
cally synthesised (Commission Implementing Decision (EU) 2016/3765) (EFSA NDA Panel,  2015a, 2015b) or produced by 
fermentation by genetically modified strains of Escherichia coli K-12 DH1 (Commission Implementing Regulation (EU) 
2019/3386), E. coli BL21 (DE3) (Commission Implementing Regulation (EU) 2017/22017) or Corynebacterium glutamicum ATCC 
13032 (Commission Implementing Regulation (EU) 2023/8598) (EFSA NDA Panel, 2022a). Moreover, a 2’-FL/difucosyllactose 
(DFL) mixture produced by a genetically modified strain of E. coli K-12 DH1 (EFSA NDA Panel, 2019a), and 3-fucosyllactose 
(3-FL), a constitutional isomer of 2’-FL produced by genetically modified strains of E. coli K-12 MG1655 (EFSA NDA Panel, 2021) 
or E. coli BL21 (DE3) (EFSA NDA Panel, 2022b), are also included in the Union list of authorised NFs. The safety of 2’-FL pro-
duced by a genetically modified strain of E. coli W (ATCC 9637) (EFSA NDA Panel, 2023a), the extension of use in FS for in-
fants of 2’-FL and a 2’-FL/DFL mixture, both produced by genetically modified strains of E. coli K-12 DH1 (EFSA NDA 
Panel, 2022c, 2022d), the extension of use of 2'-FL produced by a genetically modified strain of E. coli BL21 (DE3) (EFSA NDA 
Panel, 2023b) and the safety of 3-FL produced by a genetically modified strain of E. coli K-12 DH1 (EFSA NDA Panel, 2023c), 
have also been assessed by EFSA with positive outcomes.

LNFP-I is a fucosylated derivative of lacto-N-tetraose (LNT), which is authorised as a NF when produced by genetically 
modified strains of E. coli K-12 DH1 (EFSA NDA Panel, 2019b) or E. coli BL21 (DE3) (EFSA NDA Panel, 2022e). Moreover, the 
extension of use in FS for infants of LNT produced by a genetically modified strain of E. coli K-12 DH1 has been assessed by 
EFSA with a positive outcome (EFSA NDA Panel, 2022d).

Since 2015, several scientific opinions with positive outcomes have been adopted by the EFSA NDA Panel on the safety of 
human-identical milk oligosaccharides (HiMOs) as NFs pursuant to Regulation (EC) No 258/97 or Regulation (EU) 2015/2283:

•	 Chemically synthetised 2’-FL (EFSA NDA Panel, 2015a), 2’-FL produced by genetically modified strains (APC199) of C. 
glutamicum ATCC 13032 (EFSA NDA Panel, 2022a) or E. coli W (ATCC 9637) (EFSA NDA Panel, 2023a) and extension of use 
of 2'-FL produced by a genetically modified strain of E. coli BL21 (DE3) (EFSA NDA Panel, 2023b);

•	 Chemically synthetised lacto-N-neotetraose (LNnT) (EFSA NDA Panel, 2015c) and LNnT produced by genetically modified 
strains of E. coli BL21 (DE3) (EFSA NDA Panel, 2020a);

•	 Extension of use in FS for children of chemically synthetised 2’-FL and LNnT (EFSA NDA Panel, 2015b) and extension of use 
in FS for infants of 2’-FL and LNnT produced by genetically modified strains of E. coli K-12 DH1 (EFSA NDA Panel, 2022c);

 1Regulation (EU) 2015/2283 of the European Parliament and of the Council on novel foods, amending Regulation (EU) No 1169/2011 of the European Parliament and of the 
Council and repealing Regulation (EC) N0 258/97 of the European Parliament and of the Council and Commission Regulation (EC) No 1852/2001 (2013/0435 (COD). OJ L 
327, 11.12.2015, pp. 1–22.
 2Regulation (EU) No 609/2013 of the European Parliament and of the Council of 12 June 2013 on food intended for infants and young children, food for special medical 
purposes and total diet replacement for weight control and repealing Council Directive92/52/EEC, Commission Directives 96/8/EC, 1999/21/EC, 2006/125/EC and 
2006/141/EC, Directive 2009/39/EC of the European Parliament and of the Council and Commission Regulations (EC) No 41/2009 and (EC) No 953/2009. OJ L 181, 29.6.2013, 
p. 35–56.
 3Directive 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the approximation of the laws of the Member States relating to food 
supplements. OJ L 183, 12.7.2002, p. 51–57.
 4Commission Implementing Regulation (EU) 2017/2470 of 20 December 2017 establishing the Union list of novel foods in accordance with Regulation (EU) 2015/2283 of 
the European Parliament and of the Council on novel foods. OJ L 351, 30.12.2017, p. 72–201.
 5Commission Implementing Decision (EU) 2016/376 of 11 March 2016 authorising the placing on the market of 2’-O-fucosyllactose as a novel food ingredient under 
Regulation (EC) No 258/97 of the European Parliament and of the Council. OJ L 70, 16.3.2016, pp. 27–31.
 6Commission Implementing regulation (EU) 2019/338 of 11 March 2019 authorising the change of the specifications of the novel food 2′-fucosyllactose produced with 
Escherichia coli K-12 under Regulation (EU) No 2015/2283 of the European Parliament and of the Council. OJ L 70, 12.3.2019, pp. 21–24.
 7Commission Implementing regulation (EU) 2017/2201 of 27 November 2017 authorising the placing on the market of 2′-fucosyllactose produced with Escherichia coli 
strain BL21 as a novel food ingredient under Regulation (EC) No 258/97 of the European Parliament and of the Council. OJ L 313, 29.11.2017, pp. 5–9.
 8Commission Implementing Regulation (EU) 2023/859 of 25 April 2023 amending Implementing Regulation (EU) 2017/2470 as regards the specifications of the novel food 
2’-Fucosyllactose (microbial source) to authorise its production by a derivative strain of Corynebacterium glutamicum ATCC 13032; OJ L 111, 25.4.2023, p. 17–22.
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•	 Chemically synthetised N-acetyl-d-neuraminic acid (NANA) (EFSA NDA Panel, 2017);
•	 2’-FL/DFL mixture produced by a genetically modified strain of E. coli K-12 DH1 (EFSA NDA Panel, 2019a);
•	 LNT produced by genetically modified strains of E. coli K-12 DH1 (EFSA NDA Panel, 2019b) or E. coli BL21 (DE3) (EFSA NDA 

Panel, 2022e);
•	 Extension of use in FS for infants of 2’-FL/DFL mixture and LNT produced by genetically modified strains of E. coli K-12 

DH1 (EFSA NDA Panel, 2022d);
•	 3-FL produced by genetically modified strains of E. coli K-12 MG1655 (EFSA NDA Panel, 2021), E. coli BL21 (DE3) (EFSA NDA 

Panel, 2022b) or E. coli K-12 DH1 (EFSA NDA Panel, 2023c).
•	 6′-sialyllactose (6’-SL) sodium salts produced by genetically modified strains of E. coli K-12 DH1 (EFSA NDA Panel, 2020b), 

E. coli BL21 (DE3) (EFSA NDA Panel, 2022f) or E. coli W (ATCC 9637) (EFSA NDA Panel, 2023d);
•	 3′-sialyllactose (3’-SL) sodium salts produced by genetically modified strains of E. coli K-12 DH1 (EFSA NDA Panel, 2020c), 

E. coli BL21 (DE3) (EFSA NDA Panel, 2022g) or E. coli W (ATCC 9637) (EFSA NDA Panel, 2023e).

2  |  DATA AN D M ETH O DO LOG IES

2.1  |  Data

The safety assessment of this NF is based on data supplied in the application, information submitted by the applicant fol-
lowing an EFSA request for supplementary information and additional data identified by the Panel.

Administrative and scientific requirements for NF applications referred to in Article 10 of Regulation (EU) 2015/2283 are 
listed in Commission Implementing Regulation (EU) 2017/24699.

A common and structured format on the presentation of NF applications is described in the EFSA guidance on the 
preparation and presentation of a NF application (EFSA NDA Panel, 2016). As indicated in this guidance, it is the duty of 
the applicant to provide all of the available (proprietary, confidential and published) scientific data (including both data in 
favour and not in favour) that are pertinent to the safety of the NF.

This NF application includes a request for protection of proprietary data in accordance with Article 26 of Regulation (EU) 
2015/2283. The data requested by the applicant to be protected comprise: (i) identity of the NF; (ii) production process; (iii) 
information on the genetically modified production strain; (iv) composition and stability of the NF; (v) intake assessment; 
and (vi) toxicological information.

2.2  |  Methodologies

The assessment follows the methodology set out in the EFSA guidance on NF applications (EFSA NDA Panel, 2016) and the 
principles described in the relevant existing guidance documents from the EFSA Scientific Committee. The legal provisions 
for the assessment are laid down in Article 11 of Regulation (EU) 2015/2283 and in Article 7 of Commission Implementing 
Regulation (EU) 2017/2469. The legal provisions for the assessment of food intended for infants and young children, FSMP 
and total diet replacement for weight control are laid down in Regulation (EU) No 609/20132 and, respectively, in Commission 
Delegated Regulation 2017/179810 (total diet replacement for weight control), in Commission Delegated Regulation (EU) 
2016/12811 (FSMP), and in Commission Delegated Regulation (EU) 2016/12712 (as regards the specific compositional and 
information requirements for infant formula (IF) and follow-on formula (FOF) and as regards requirements on information 
relating to infant and young child feeding).

This assessment concerns only the risks that might be associated with consumption of the NF under the proposed con-
ditions of use, and is not an assessment of the efficacy of the NF with regard to any claimed benefit.

3  |  ASSESSM E NT

3.1  |  Introduction

The NF, which is the subject of the application, is a mixture of LNFP-I and 2’-FL (75.0%–100.0% w/w dry matter (DM); 50.0%–
75.0% LNFP-I and 15.0%–35.0% 2’-FL), both fucosylated neutral oligosaccharides. LNFP-I and 2’-FL are naturally occurring 
in mammalian milk, with the highest concentrations being found in human milk, thus being typically acknowledged as 

 9Commission Implementing Regulation (EU) 2017/2469 of 20 December 2017 laying down administrative and scientific requirements for applications referred to in Article 
10 of Regulation (EU) 2015/2283 of the European Parliament and of the Council on novel foods. OJ L 351, 30.12.2017, pp. 64–71.
 10Commission Delegated Regulation (EU) 2017/1798 of 2 June 2017 supplementing Regulation (EU) No 609/2013 of the European Parliament and of the Council as regards 
the specific compositional and information requirements for total diet replacement for weight control. OJ L 259, 7.10.2017, pp. 2–10.
 11Commission Delegated Regulation (EU) 2016/128 of 25 September 2015 supplementing Regulation (EU) No 609/2013 of the European Parliament and of the Council as 
regards the specific compositional and information requirements for food for special medical purposes. OJ L 25, 2.2.2016, p. 30–43.
 12Commission Delegated Regulation (EU) 2016/127 of 25 September 2015 supplementing Regulation (EU) No 609/2013 of the European Parliament and of the Council as 
regards the specific compositional and information requirements for infant formula and follow-on formula and as regards requirements on information relating to infant 
and young child feeding. OJ L 25, 2.2.2016, p. 1–29.
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      |  5 of 23SAFETY OF LNFP-I/2’-FL MIXTURE

human milk oligosaccharides (HMOs). With more than 200 different HMO structures (up to 15 core structures) being de-
tected in human milk (Remoroza et al., 2020), LNFP-I and 2’-FL are among the five most abundant HMOs, which account, 
on average, for nearly half of the oligosaccharide mass fraction in human milk (Molnar-Gabor et al., 2019; Thurl et al., 2017).

The Panel notes that although LNFP-I and 2’-FL are the major components of the NF, it also contains d-lactose, LNT, DFL, 
LNFP-I fructose isomer, 3-FL, l-fucose and 2′-fucosyl-d-lactitol, 2′-fucosyl-d-lactulose and a small fraction of other related 
saccharides. The NF is produced by fermentation by E. coli K-12 DH1 MDO MP2173b, a genetically modified strain of E. coli 
K-12 DH1 (DSM 4235).

The NF is proposed to be used in IF, FOF, FSMP and total diet replacements for weight control, as defined in Regulation 
(EU) No 609/2013, FS as defined in Directive 2002/46/EC, beverages and in a variety of other foods (e.g. dairy products, 
cereals). The target population is the general population.

According to Article 3(2)(a) of Regulation (EU) 2015/2283, the NF falls under the following categories:

	 (i)	 ‘food with a new or intentionally modified molecular structure, where that structure was not used as, or in, a food 
within the Union before 15 May 1997’; and

	(ii)	 ‘food consisting of, isolated from or produced from microorganisms, fungi or algae’.

3.2  |  Identity of the NF

The NF is a powdered mixture mainly composed of LNFP-I and 2’-FL (75.0%–100.0% w/w DM; 50.0%–75.0% LNFP-I and 
15.0%–35.0% 2’-FL), but it also contains d-lactose (≤ 10.0% w/w), LNT (≤ 5.0% w/w), DFL (≤ 2.0% w/w), LNFP-I fructose iso-
mer (≤ 1.5% w/w), 3-FL (≤ 1.0% w/w), 2′-fucosyl-d-lactulose (≤ 1.0% w/w) and l-fucose and 2′-fucosyl-d-lactitol (≤ 1.0% w/w, 
sum of both), and a small fraction of other related saccharides (sum of other carbohydrates ≤ 6.0% w/w). It is produced by 
fermentation by a genetically modified strain (E. coli K-12 DH1 MDO MP2173b) of E. coli K-12 DH1 (DSM 4235). LNFP-I is a 
fucosylated derivative of LNT, i.e. a pentasaccharide consisting of l-fucose linked to d-galactose via an α-(1–2) bond, which 
is linked through a β-(1–3) bond to N-acetyl-d-glucosamine (GlcNAc), linked through a β-(1–3) bond to d-galactose, linked 
through a β-(1–4) bond to the reducing end d-glucose (Table 1 and Figure 1). 2’-FL is a trisaccharide consisting of l-fucose 
linked via an α-(1–2′) bond to the d-galactose moiety of d-lactose (Table 1 and Figure 1).

T A B L E  1   Chemical identity of LNFP-I and 2’-FL.

Chemical substance

Chemical (IUPAC) name LNFP-I: N-[(2S,3R,4R,5S,6R)-2-[(2R,3S,4S,5R,6S)-3,5-dihydroxy-2-(hydroxymethyl)-6-[(2R,3S,4R,5R)-
4,5,6-trihydroxy-2-(hydroxymethyl)oxan-3-yl]oxyoxan-4-yl]oxy-4-[(2R,3R,4S,5R,6R)-4,5-dihydroxy-
6-(hydroxymethyl)-3-[(2S,3S,4R,5S,6S)-3,4,5-trihydroxy-6-methyloxan-2-yl]oxyoxan-2-yl]
oxy-5-hydroxy-6-(hydroxymethyl)oxan-3-yl]acetamide

2’-FL: (2R,3R,4R,5R)-4-[(2S,3R,4S,5R,6R)-4,5-dihydroxy-6-(hydroxymethyl)-3-[(2S,3S,4R,5S,6S)-3,4,5-
trihydroxy-6-methyloxan-2-yl]oxyoxan-2-yl]oxy-2,3,5,6-tetrahydroxyhexanal

IUPAC abbreviations Extended
LNFP-I: α-l-Fucp-(1–2)-β-d-Galp-(1–3)-β-d-GlcNAcp-(1–3)-β-d-Galp-(1–4)-Glc
2’-FL: α-l-Fucp-(1–2)-β-d-Galp-(1–4)-d-Glc
Condensed
LNFP-I: Fuc-(α1-2)-Gal-(β1-3)-GlcNAc-(β1-3)-Gal-(β1-4)-Glc
2’-FL: Fuc-(α1-2)-Gal-(β1-4)-Glc

Common name Lacto-N-fucopentaose I/2′-fucosyllactose mixture

Synonyms LNFP-I: LNF I
2’-FL: 2’-O-Fucosyllactose, 2’-Fucosidolactose, 2-FL

Abbreviations LNFP-I/2’-FL mixture (LNFP-I/2’FL mixture; LNFPI/2FL mixture; LNF I/2’-FL mixture; LNF I/2’FL mixture; LNF 
I/2FL mixture)

CAS Number LNFP-I: 7578-25-8
2’-FL: 41263-94-9

Other IUPAC names LNFP-I:
•	 α-l-Fucopyranosyl-(1→2)-β-d-galactopyranosyl-(1→3)-2-(acetylamino)-2-deoxy-β-d-glucopyranosyl-(1→3)-

β-d-galactopyranosyl-(1→4)-d-glucopyranose
•	 O-6-Deoxy-α-l-galactopyranosyl-(1→2)-O-β-d-galactopyranosyl-(1→3)-O-2-(acetylamino)-2-deoxy-β-d-

glucopyranosyl-(1→ )-O-β-d-galactopyranosyl-(1→4)-d-glucose
2’-FL:
•	 α-l-Fucopyranosyl-(1→2)-β-d-galactopyranosyl-(1→4)-d-glucopyranose
•	 O-6-Deoxy-α-l-galactopyranosyl-(1→2)-O-β-d-galactopyranosyl-(1→4)-d-glucose

Molecular formula LNFP-I: C32H55NO25
2’-FL: C18H32O15

Molecular weight LNFP-I: 853.77 Da
2’-FL: 488.44 Da

Abbreviations: CAS, Chemical Abstracts Service; IUPAC, International Union of Pure and Applied Chemistry.
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6 of 23  |      SAFETY OF LNFP-I/2’-FL MIXTURE

Several analyses were performed on the NF in order to confirm the structures of LNFP-I and 2’-FL, the major constituents 
of the NF.

The structure of LNFP-I was determined by mono-dimensional (1D) nuclear magnetic resonance (NMR) spectroscopy, 
including 1H, 13C and 13C-DEPT-Q (distortionless enhancement by polarisation transfer with retention of quaternaries) spec-
tra and two-dimensional (2D) NMR spectroscopy, including g-DQFCOSY (gradient double-quantum-filtered correlation 
spectroscopy), g-HSQC (gradient heteronuclear single quantum coherence), g-HMBC (gradient heteronuclear multiple 
bond coherence), TOCSY (total correlation spectroscopy) and NOESY (nuclear overhauser effect spectroscopy) spectra, by 
comparison to a commercially available authentic specimen13. The identity of the glycosidic bonds was verified by the 8.0 
and 7.7 Hz values of the J1,2 coupling constants in the d-galactose units indicating their β configurations; the 8.4 value Hz in 
the N-acetyl-d-glucosamine unit indicating its β configuration; and the 4.0 Hz value in the l-fucose unit indicating its α-con-
figuration. The connections of the carbohydrate units are demonstrated by the long-range carbon-proton couplings and 
through space correlations (NOESY). The full assignment of the LNFP-I NMR spectra is consistent with relevant literature 
(Breg et al., 1988; Rao et al., 1985).

The molecular structure of 2’-FL was also demonstrated by mono-dimensional 1H and 13C NMR spectra, selective 
one-dimensional TOCSY spectra and two-dimensional HSQC and HMBC spectra by comparison to a commercially avail-
able authentic specimen13. The relevant coupling constants measured by 1H NMR together with the correlations evi-
denced on the 2D NMR spectra confirmed: (i) the α-(1″-2′) bond between l-fucose and the d-galactose moiety of d-lactose; 
(ii) the β-(1′-4) link between the d-galactose (Gal-C-1′) and d-glucose (Glc-C-4) moieties of d-lactose; and (iii) the β config-
uration of the Gal unit.

The molecular structures of LNFP-I and 2’-FL were corroborated by liquid chromatography–tandem mass spectrometry 
(LC–MS/MS) based on its collision-induced dissociation (CID) fragmentation pattern by comparison to commercially avail-
able high-purity analytical standards. The mass fragmentation patterns are consistent with those reported in the literature 
(Chai et al., 2001, Pfenninger et al., 2002).

The identities of LNFP-I and 2’-FL were also corroborated by high-performance liquid chromatography–charged aerosol 
detection (HPLC-CAD) by comparison to commercially available high-purity analytical standards.

On the basis of the spectroscopic and chromatographic evidence, the Panel considers that the LNFP-I and 2’-FL present 
in the NF produced by E. coli K-12 DH1 MDO MP2173b are identical to the LNFP-I and 2’-FL in human milk and therefore, 
they are regarded as being HiMOs.

 13LNFP-I and 2’-FL isolated from human milk.

F I G U R E  1   Chemical structure of LNFP-I (top) and 2’-FL (bottom).
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      |  7 of 23SAFETY OF LNFP-I/2’-FL MIXTURE

3.3  |  Production process

According to the information provided, the NF is produced in line with Good Manufacturing Practice (GMP) and Hazard 
Analysis Critical Control Points (HACCP) principles. The production process (including all used processing aids, raw  
materials, unit operations and filter aids), as well as food safety management system comply with the following standards 
and certifications: Food Safety Systems Certification (FSSC) 22000 and International Organisation for Standardisation (ISO) 
9001.

The NF is produced by fermentation by a genetically modified strain (E. coli K-12 DH1 MDO MP2173b) of E. coli K-12 DH1. 
d-Lactose and d-glucose (alternatively, d-sucrose or glycerol) are converted to LNFP-I/2’-FL by the adapted cellular metab-
olism of the production strain, which uses d-glucose as an energy and carbon source and d-lactose as a substrate for the 
biosynthesis. The production microorganism is removed from the fermentation medium by ultrafiltration/diafiltration and 
microfiltration at the end of the fermentation process. A series of isolation, purification and concentration steps are then 
used to obtain high-purity LNFP-I/2’-FL in powder form.

The production strain E. coli K-12 DH1 MDO MP2173b is a genetically modified derivative of the parental strain E. coli K-12 
DH1 (F- ʎ- gyrA96 recA1 relA1 endA1 thi-1 hsdR17 supE44), which was obtained by the applicant from the German Collection 
of Microorganisms and Cell Cultures (DSMZ) (commercially available under DSM 4235). The parental strain E. coli K-12 DH1 
is derived from E. coli K-12 by forced random mutagenesis. The whole genomes of E. coli K-12 and other closely derivative 
strains, including E. coli K-12 DH1, were sequenced and compared to other E. coli strains including pathogenic strains, which 
evidenced genomic differences in E. coli K-12 and its derivatives as compared to the pathogenic strains (Blattner et al., 1997; 
Lukjancenko et al., 2010). Although the species E. coli is considered non suitable for qualified presumption of safety (QPS) 
status (EFSA BIOHAZ Panel,  2023), the strain E. coli K-12 is considered as a safe, non-pathogenic and non-toxigenic mi-
croorganism widely used for biotechnological applications (Gorbach, 1978; Muhldorfer & Hacker, 1994; OECD, 1986; US 
EPA, 1997; ZKBS, 2021).

The production strain has been deposited at the DSMZ culture collection. A detailed description of the genetic modi-
fication steps applied to the parental strain E. coli K-12 DH1 (DSM 4235) to obtain the platform strain E. coli K-12 DH1 MDO 
(membrane-derived oligosaccharides) and the production strain E. coli K-12 DH1 MDO MP2173b has been provided by 
the applicant. No residual DNA from the production strain was detected in the NF using three quantitative polymerase 
chain reaction (qPCR) assays targeting short sub-sequences of specific inserted genes, as well as a short sub-sequence of 
the 23S rRNA subunit of E. coli. The absence of both DNA and viable cells from the production strain in the NF has been 
demonstrated in accordance with the EFSA Guidance on the characterisation of microorganisms used as feed additives or 
as production organisms (EFSA FEEDAP Panel, 2018).

The Panel considers that the production process is sufficiently described and does not raise safety concerns.

3.4  |  Compositional data

In order to confirm that the manufacturing process is reproducible and adequate to produce on a commercial scale a prod-
uct with certain characteristics, the applicant provided analytical information for six batches of the NF (Table 2). Information 
was provided on the accreditation of the laboratories that conducted the analyses presented in the application.

Batch to batch analyses showed that the NF consists of LNFP-I and 2’-FL as main components14 (88.4% w/w DM, LNFP-
I/2’-FL; 61.9% w/w DM LNFP-I; 26.5% w/w DM 2’-FL). The remaining constituents14,15 include d-lactose (2.2% w/w), LNT (1.9% 
w/w), DFL (0.5% w/w), LNFP-I fructose isomer (0.3% w/w), 3-FL (0.04% w/w), l-fucose and 2′-fucosyl-d-lactitol (0.04% w/w, 
sum of both carbohydrates), 2′-fucosyl-d-lactulose (0.2% w/w) and a small fraction of other related saccharides (sum of 
other quantified carbohydrates, 1.9% w/w DM).

With regards to physico-chemical properties, the NF can be described as a white to off-white powder. The solubility 
in water of one batch of the NF was measured, according to the EFSA Guidance on technical requirements for regulated 
food and feed product applications to establish the presence of small particles including nanoparticles (EFSA Scientific 
Committee, 2021), resulting in an average value of 781 g/L. Therefore, the NF is considered as highly soluble.

 14Average content in six batches of the NF.
 15For those batches of the NF where the levels of any carbohydrate by-product were below the respective limit of quantification (LOQ), the concentration of the 
corresponding compound has been considered to be equal to the respective LOQ value for the purpose of calculating its average content.
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8 of 23  |      SAFETY OF LNFP-I/2’-FL MIXTURE

The Panel considers that the information provided on the composition is sufficient for characterising the NF.

T A B L E  2   Batch to batch analysis of the NF.

Parameters

Batches of the NF

Method of analysis#1 #2 #3 #4 #5 #6

Composition

Specified saccharidesa (% w/w DM) 92.65 94.04 93.28 93.82 92.39 96.14 HPAEC-PAD, HPLC-CAD (validated 
internal methods)LNFP-I and 2’-FL (% w/w DM) 89.46 89.89 88.45 80.84 88.71 93.07

LNFP-I (% w/w DM) 57.70 62.91 70.17 59.92 57.40 63.15

2’-FL (% w/w DM) 31.76 26.98 18.29 20.92 31.30 29.92

l-Fucose and 2′-fucosyl-d-lactitolb (% 
w/w)

< 0.03 < 0.03 < 0.03 0.11 < 0.03 < 0.03

d-Lactose (% w/w) 0.44 1.42 0.72 8.56 0.89 0.91

3-FL (% w/w) 0.11 < 0.03 < 0.03 0.03 < 0.03 < 0.03

DFL (% w/w) 0.70 0.48 0.28 0.19 0.66 0.68

LNT (% w/w) 0.65 1.68 3.37 3.21 1.53 1.08

LNFP-I fructose isomer (% w/w) 0.67 0.26 0.22 0.18 0.12 0.16

2’-Fucosyl-d-lactulose (% w/w) 0.60 0.18 0.11 0.18 0.24 0.15

Sum of other carbohydrates (% w/w) 2.64 1.43 1.51 1.53 2.72 1.51

pH (5% solution, 20°C) 4.6 5.9 5.7 5.4 4.4 6.5 Ph. Eur. 9.2 2.2.3 (potentiometry)

Water (% w/w) 0.78 2.21 2.39 3.96 5.67 2.74 Karl Fischer titration (coulometric 
titration)

Ash, sulphated (% w/w) 0.08 < 0.01 < 0.01 < 0.01 0.10 < 0.01 Ph. Eur. 9.2 2.4.14 (gravimetry)

Protein (% w/w) < 0.0017 < 0.0017 0.0091 < 0.0017 < 0.0017 < 0.0017 Bradford assay 
(spectrophotometry)

Contaminants

Arsenic (total) (mg/kg) < 0.1 < 0.1 < 0.1 0.1 < 0.1 < 0.1 MSZ EN 13805:2015, EPA 
6020A:2007 (ICP-MS)

DIN EN 15763:2010 (2010–04), 
mod. (ICP-MS)

Cadmium (mg/kg) < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Lead (mg/kg) < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Mercury (mg/kg) < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Aflatoxin M1 (μg/kg) < 0.020 < 0.020 < 0.020 < 0.020 – – LC–MS/MS (internal method)

Microbial parameters

Total plate count (CFU/g) < 10 < 10 < 10 < 10 < 10 < 10 ISO 4833-1 or ISO-4833-2
MSZ ISO 15213:2006 (colony 

count)

Yeasts and moulds (CFU/g) < 10 < 10 < 10 < 10 < 10 < 10 MSZ ISO 21527-2:2013 (colony 
count)

Enterobacteriaceae (in 10 g) ND ND ND ND ND ND ISO 21528-1:2017 (detection or 
qualitative method)

Salmonella spp. (in 25 g) ND ND ND ND ND ND AFNOR BRD 07/11–12/05
MSZ EN ISO 6579-1:2017 (detection 

or qualitative method)

Cronobacter spp. (in 10 g) ND ND ND ND ND ND MSZ EN ISO 22964:2017 (detection 
or qualitative method)

Listeria monocytogenes (in 25 g) ND ND ND ND ND ND MSZ EN ISO 11290-1:2017 
(detection or qualitative 
method)

Presumptive Bacillus cereus (CFU/g) < 10 < 10 < 10 < 10 < 10 < 10 MSZ EN ISO 7932:2005 (colony 
count)

Endotoxins (EU/mg) 0.1398 0.0023 0.0357 0.0107 < 0.00025 0.0012 Ph. Eur. 2.6.14 (LAL kinetic 
chromogenic assay)

Abbreviations: 2’-FL: 2′-Fucosyllactose; 3-FL: 3-Fucosyllactose; AFNOR: Association Francaise de Normalisation; BRD: Bacteriology Reference Department; CFU: Colony 
forming units; DIN: Deutsches Institut für Normung e.V.; DM: Dry matter; EN: European norm; EPA: Environmental Protection Agency; EU: endotoxin units; HPAEC–PAD: 
High-performance anion-exchange chromatography – pulsed amperometric detection; HPLC–CAD: High-performance liquid chromatography – charged aerosol 
detection; ICP-MS: Inductively coupled plasma – mass spectrometry; ISO: International Organisation for Standardisation; LAL: Limulus amebocyte lysate; LC–MS/MS: Liquid 
chromatography – tandem mass spectrometry; m/mod.: Modification of analytical methods; MSZ: Hungarian Standards Institution; ND: Not detected; Ph. Eur.: European 
Pharmacopoeia; w/w: Weight per weight.
aSpecified saccharides include LNFP-I, 2’-FL, LNT, DFL, 3-FL, d-lactose, sum of l-fucose and 2′-fucosyl-d-lactitol, LNFP-I fructose isomer and 2′-fucosyl-d-lactulose.
b
l-Fucose and 2′-fucosyl-lactitol peaks on the HPAEC–PAD chromatogram overlap.
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      |  9 of 23SAFETY OF LNFP-I/2’-FL MIXTURE

3.4.1  |  Stability

Stability of the NF

The applicant provided interim results for a 5-year (real time) stability study at 25°C and 60% relative humidity (RH) with 
one batch of the NF. The applicant also carried out a 2-year stability study under accelerated conditions (40°C, 75% RH) with 
the same batch of the NF. Results up to 24 months were provided for both stability studies, including sensory parameters, 
and carbohydrate and water content. Microbial parameters were also monitored up to 12 and 24 months under normal 
and accelerated storage conditions, respectively. No appreciable changes in the organoleptic properties, carbohydrate, 
LNFP-I, 2’-FL and moisture content were observed up to 24 months of storage under normal and accelerated conditions. 
Microbial parameters were also below the respective limits of detection over the 12-month and 24-month storage period 
under normal and accelerated conditions, respectively.

Moreover, the applicant provided the results of a 3-year (real time) stability study at (non-controlled) ambient tempera-
ture and RH conditions with two batches of the NF, with no appreciable changes for the above-mentioned parameters.

The applicant also provided the results of different stressed/forced stability studies with a batch of the NF in solid state 
or aqueous solution, indicating as follows:

•	 No appreciable variability in the LNFP-I and 2’-FL content was observed when the NF in powdered solid state was stored 
at 80°C for 30 days at two different levels of air humidity.

•	 Two potential pH-dependent degradation pathways were proposed as a result of the tests carried out in aqueous solu-
tion (10 mg/mL) at 60°C and different pH conditions (unbuffered or buffered at pH 5.0 or 6.8 for 28 days; buffered at pH 
3.0 or 9.0 for 7 days; in 0.1 N HCl or 0.01 N NaOH for 1 day):

○	 Under acidic conditions (pH < 3), hydrolysis of LNFP-I into several degradation products may occur, mainly LNT 
and fucose, but also glucose, lactose, 2-fucosyl-galactose, lacto-N-triose II, 2′-fucosyl-lacto-N-biose, 2″-fucosyl-lac-
to-N-triose I, LNFP-I fructose isomer, 3-Gal-lactose, 6-α-Gluf-Glu and other compounds.

○	 Under basic conditions, a possible degradation pathway starts with the isomerisation of LNFP-I to the fructose 
isomer already at pH = 6.8 and continues with the so-called pealing reaction as pH increases. Typical degradation 
products include LNFP-I fructose isomer, 2-fucosyl-galactose, 2″-fucosyl-lacto-N-triose I, anhydro-GlcNAc I and 
an unknown compound at HPAEC retention time 21.7 min. In addition, fucose, galactose, glucose, 2-fucosyl-lac-
tulose and other compounds may occur. However, the content of lacto-N-triose II and LNT may not change 
significantly.

•	 No degradation products were identified in the study conducted in aqueous solution (10 mg/mL) at room temperature 
for 1 day in presence of the oxidising agent 4,4′-azobis-(4-cyanovaleric acid) (ACVA) in 1:0.1 molar ratio. In 0.1% hydro-
gen peroxide, under the same storage conditions, the content of glucose, lactose, lacto-N-triose and some compounds 
slightly increased, and a significant peak for an unknown compound at HPAEC retention time 7.6 min was observed at 
the beginning of the study and remained stable over the stability period.

The applicant proposed a 5-year shelf-life under ambient conditions for the NF.
The Panel considers that the available data provided sufficient information with respect to the stability of the NF for 36 

months.

Stability of the NF under the intended conditions of use

A 3-year stability study (ongoing) was conducted with powdered IF produced under representative conditions for commer-
cial products. The IF was supplemented with the NF (1% w/w DM LNFP-I/2’-FL) and stored at 5°C, 25°C/60% RH, 30°C/65% 
RH or 40°C/75% RH. Interim results, including LNFP-I and 2’-FL content and microbial parameters, showed that LNFP-I and 
2’-FL are stable up to 12 months under the above-mentioned storage conditions.

Additional studies demonstrated that LNFP-I and 2’-FL are stable in formulations representative of commercial food 
products on the market under typical processing and storage conditions for such products, as follows: cereal bars subject 
or not to a heating step over 100°C (up to 3 months at ambient conditions); pasteurised juice drink (up to 28 days at 5°C), 
pasteurised ready-to-drink milkshake (up to 14 days at 5°C), UHT ready-to-drink milkshake (up to 28 days at 5°C) and fruit 
yoghurt (up to 21 days at 5°C).

In addition, the stability of the authorised 2’-FL has been demonstrated in various food matrices, including IF, whole/
UHT milk, yoghurt, ready-to-drink flavoured milk, citrus fruit beverages and cereal bars (EFSA NDA Panel, 2015a; EFSA NDA 
Panel, 2019a, 2022a).

The Panel considers that the available information is sufficient with respect to the stability of the NF in the proposed 
food matrices.
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10 of 23  |      SAFETY OF LNFP-I/2’-FL MIXTURE

3.5  |  Specifications

The specifications of the NF are indicated in Table 3.

The Panel considers that the information provided on the specifications of the NF is sufficient and does not raise safety 
concerns.

3.6  |  History of use of the NF and/or of its source

3.6.1  |  History of use of the NF

There is no history of use of the NF.
LNFP-I, the major constituent of the NF, is a fucosylated derivative of LNT. LNT, produced by the same applicant via fer-

mentation by genetically modified strains of E. coli K-12 DH1 or BL21 (DE3), and its constitutional isomer, LNnT, produced 

T A B L E  3   Specifications of the NF.

Description: LNFP-I/2’-FL is a white to off-white powder produced by microbial fermentation and further isolated, purified and concentrated

Source: A genetically modified strain (Escherichia coli K-12 DH1 MDO MP2173b) of E. coli K-12 DH1 (DSM 4235)

Parameter Specification

Composition

Specified saccharidesa (% w/w DM) ≥ 90.0

LNFP-I and 2’-FL (% w/w DM) 75.0–100.0

LNFP-I (% w/w DM) 50.0–75.0

2’-FL (% w/w DM) 15.0–35.0

LNT (% w/w) ≤ 5.0

3-FL (% w/w) ≤ 1.0

Sum of l-fucose and 2′-fucosyl-lactitolb (% w/w) ≤ 1.0

d-Lactose (% w/w) ≤ 10.0

DFL (% w/w) ≤ 2.0

LNFP-I fructose isomer (% w/w) ≤ 1.5

2′-fucosyl-d-lactulose (% w/w) ≤ 1.0

Sum of other carbohydrates ≤ 6.0

pH (5% solution, 20°C) 4.0–7.0

Water (% w/w) ≤ 8.0

Ash (% w/w) ≤ 0.5

Protein (% w/w) ≤ 0.01

Contaminants

Arsenic (mg/kg) ≤ 0.2

Cadmium (mg/kg) ≤ 0.1

Lead (mg/kg) ≤ 0.02

Mercury (mg/kg) ≤ 0.1

Aflatoxin M1 (μg/kg) ≤ 0.025

Microbial parameters

Total plate count (CFU/g) ≤ 1,000

Yeasts and moulds (CFU/g) ≤ 100

Enterobacteriaceae (in 10 g) ND

Salmonella (in 25 g) ND

Cronobacter spp. (in 10 g) ND

Listeria monocytogenes (in 25 g) ND

Presumptive Bacillus cereus (CFU/g) ≤ 50

Endotoxins (EU/mg) ≤ 10

Abbreviations: 2’-FL: 2′-Fucosyllactose; 3-FL: 3-Fucosyllactose; CFU: Colony forming units; DFL: Difucosyllactose; EU: Endotoxin units; LNFP-I: Lacto-N-fucopentaose I; LNT: 
Lacto-N-tetraose; ND: Not detected.
aSpecified saccharides include LNFP-I, 2’-FL, LNT, DFL, 3-FL, d-lactose, l-fucose and 2′-fucosyl-lactitol, LNFP-I fructose isomer and 2′-fucosyl-d-lactulose.
b
l-Fucose and 2′-fucosyl-lactitol peaks on the HPAEC–PAD chromatogram overlap.
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      |  11 of 23SAFETY OF LNFP-I/2’-FL MIXTURE

by the same applicant via chemical synthesis and fermentation by genetically modified strains of E. coli K-12 DH1 or BL21 
(DE3), have been included in the Union list of NF (see Section 1.2).

2’-FL, the other main constituent of the NF, is already included in the Union list of NFs when manufactured by chemical 
synthesis or fermentation by genetically modified strains of E. coli K-12 DH1, E. coli BL21 (DE3) or C. glutamicum ATCC 13032. 
It is authorised to be added to a variety of food categories (e.g. dairy products, beverages), including foods for special 
groups (e.g. IF and FOF) and FS, excluding FS for infants (intended for individuals above 1 year of age).

3.6.2  |  Intake of oligosaccharides constituent of the NF from human milk

As reported in previous EFSA opinions (EFSA NDA Panel, 2019b, 2020a, 2020b, 2021, 2022c), human milk contains a fam-
ily of structurally related oligosaccharides, known as HMOs, which is the third largest fraction of solid components. The 
highest concentrations of HMOs occur in human colostrum (20–25 g/L), and concentrations between 5 and 20 g/L occur in 
mature human milk (Bode, 2012; Gidrewicz & Fenton, 2014; Thurl et al., 2010; Urashima et al., 2018). HMOs' concentrations 
and composition vary across mothers and over the course of lactation. 2’-FL and LNFP-I are both α1,2 fucosylated neutral 
oligosaccharides and are among the five most abundant HMOs (Molnar-Gabor et al., 2019; Thurl et al., 2017). The fraction of 
neutral fucosylated HMOs characterised by the presence of l-fucose accounts for up to 80% of the total HMO concentration 
(Bode, 2012; Rijnierse et al., 2011; Thurl et al., 2010).

Several publications on LNFP-I and 2’-FL in human milk have been provided by the applicant. In consideration of the 
large and recent data set used in this review (Soyyılmaz et al., 2021), and aligned with the recent EFSA opinions (e.g. EFSA 
NDA Panel, 2023b, 2023c), the Panel decided to use the values reported there for the mean of mean concentrations and the 
maximum mean concentration as representative of the concentration range found in mature human milk.

For LNFP-I, these values correspond to 0.83 g/L and 2.14 g/L, respectively. The Panel also notes that due to the relatively 
wide concentration range of LNFP-I in human milk (up to 3.03 g/L – Austin et al., 2019; 3.76 g/L Samuel et al., 2019), higher 
natural intakes may occur.

For 2’-FL, that is the most represented oligosaccharide in human milk, these values correspond to 2.28 g/L and 4.28 g/L, 
respectively. The Panel also notes that due to the relatively wide concentration range of 2’-FL in human milk (up to 4.78 g/L – 
Thurl et al., 2017; 5.57 g/L – Austin et al., 2019 and 5.85 g/L Samuel et al., 2019), higher intakes may occur.

Considering the mean of mean concentrations and the maximum mean concentration as representative of the range 
found in mature human milk and considering the average and high daily intakes of human milk (800 and 1200 mL, re-
spectively) for infants from 0 to 6 months (EFSA NDA Panel,  2013) in a 6.7-kg body weight (bw) infant (EFSA Scientific 
Committee, 2012), the estimated natural intakes are reported in Table 4 (LNFP-I) and Table 5 (2’-FL).

In bovine milk, oligosaccharides are 20 times less concentrated than in human milk and acidic oligosaccharides are the 
most abundant oligosaccharides (e.g. 6’-SL), while fucosylated ones (e.g. LNFP-I, 2’-FL) are found at small concentrations 
(Aldredge et al., 2013; Urashima et al., 2013).

T A B L E  4   Estimated daily intakes of LNFP-I from average (800 mL) and high (1200 mL) daily intakes of human milk for infants of 6.7 kg body 
weight (bw), based on the mean of mean concentrations (0.83 g/L) and the maximum mean concentration (2.14 g/L) of LNFP-I in mature human milk 
(lactation days 15–90; Soyyılmaz et al., 2021).

Daily intake of LNFP-I (mg/kg bw) from 800 mL/day of 
human milk

Daily intake of LNFP-I (mg/kg bw) from 1200 mL/day of human 
milk

Mean of mean 
concentrations

Maximum mean 
concentration

Mean of mean 
concentrations Maximum mean concentration

LNFP-I 99 256 149 383

Abbreviation: bw, body weight.

T A B L E  5   Estimated daily intakes of 2’-FL from average (800 mL) and high (1200 mL) daily intakes of human milk for infants of 6.7 kg body weight 
(bw), based on the mean of mean concentrations (2.28 g/L) and the maximum mean concentration (4.28 g/L) of 2’-FL in mature human milk (lactation 
days 15–90; Soyyılmaz et al., 2021).

Daily intake of 2’-FL (mg/kg bw) from 800 mL/day of 
human milk Daily intake of 2’-FL (mg/kg bw) from 1200 mL/day of human milk

Mean of mean 
concentrations Maximum mean concentration Mean of mean concentrations Maximum mean concentration

2’-FL 272 511 408 767

Abbreviation: bw, body weight.
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12 of 23  |      SAFETY OF LNFP-I/2’-FL MIXTURE

3.7  |  Proposed uses and use levels and anticipated intake

3.7.1  |  Target population

The target population proposed by the applicant is the general population.

3.7.2  |  Proposed uses and use levels

The NF is proposed to be used as an ingredient in various food categories, including IF and FOF. These food products, de-
fined using the FoodEx2 hierarchy, and the proposed maximum use levels, are reported in Table 6.

The applicant also intends to market the NF for use in FS as defined in Directive 2002/46/EC. Specifically, maximum daily 
intakes of 4.5 g/day for individuals of 3 years of age and above, or 2.25 g/day when intended for infants and young children 
have been proposed.

For FSMP, the applicant did not propose maximum use levels and the Panel considers that the maximum use levels of 
the NF should not be higher than the maximum levels specified for the proposed food uses or the maximum daily intake 
proposed for FS (see Section 3.7.4).

FS are not intended to be used if other foods with added NF or human milk (in infants and young children) are con-
sumed on the same day.

T A B L E  6   Food categories according to FoodEx2 hierarchy and maximum use levels of the NF intended by the applicant.

FoodEx2 code FoodEx2 level Food category
Proposed max. use levels 
(mg LNFP-I/2’-FL/100 g)

A02LV 5 Cow milk 150

A0CXA 5 European buffalo milk 150

A02MC 5 Sheep milk 150

A02MB 4 Goat milk 150

A02MV 3 Butter milk 150

A02NQ 4 Yoghurt drinks, including sweetened and/or flavoured 
variants

150

A02NR 4 Probiotic milk-like drinks 150

A02NV 5 Kefir 150

A02NE 4 Yoghurt 300

A00EY 3 Cereal bars 1500

A03PZ 4 Infant formulae, powder 1600a

A03QE 4 Infant formulae, liquid 200a

A03QK 4 Follow-on formulae, powder 1600a

A0EQQ 4 Follow-on formulae, liquid 200a

A03QZ 3 Cereals with an added high protein food which have to be 
reconstituted

600

A03QY 3 Simple cereals which have to be reconstituted 1050

A0BZF 3 Cereals with added high protein food reconstituted 150

A0BZE 3 Simple cereals for infants and children reconstituted 150

A03RA 3 Biscuits, rusks and cookies for children 910

A03RC 2 Ready-to-eat meal for infants and young children 910

A03RB 3 Pasta for children (dry, to be cooked) 910

A03RN 3 Fruit and vegetable juices and nectars specific for infants and 
young children

150

A0EQN 5 Soft drinks with minor amounts of fruits or flavours 150

A03RP 3 Special food for children's growth 910
aRelevant dilution factors (EFSA, 2018) have been used to calculate intake estimates applying the FoodEx2 food classification and description system.
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      |  13 of 23SAFETY OF LNFP-I/2’-FL MIXTURE

3.7.3  |  Anticipated intake of the NF

Anticipated intake of LNFP-I/2’-FL mixture from the consumption of the NF in IF in infants up to 16 weeks of age

IF is expected to be the only food consumed by infants aged 0–16 weeks who are not breastfed. A high consumption of IF 
has been estimated to be 260 mL/kg bw per day for infants aged 0–16 weeks (EFSA Scientific Committee, 2017). Based on 
the maximum proposed use level of the NF (2.0 g/L in IF), the high intake of the NF from IF alone is estimated to be 520 mg/
kg bw per day, corresponding to about 390 mg LNFP-I/kg bw and 182 mg 2’-FL/kg bw (assuming 75% and 35% of the NF as 
per upper limits of the proposed ranges in specifications, respectively).

The Panel notes that the highest anticipated daily intake of the NF from the consumption of IF (only) may result in levels 
that are similar to the estimated highest natural mean daily intake for LNFP-I (383 mg/kg bw per day; Table 4) in breastfed 
infants. For 2’-FL the highest intake values are lower than highest natural mean intake (767 mg/kg bw per day; Table 5).

Anticipated intake of LNFP-I/2’-FL mixture from the proposed uses and use levels of the NF

EFSA performed an intake assessment of the anticipated daily intake of the NF based on the applicant's proposed uses and 
maximum proposed use levels (Table 6), using the EFSA Dietary Exposure (DietEx) Tool,16 which is based on individual data 
from the EFSA Comprehensive European Food Consumption Database (EFSA, 2011). The lowest and highest mean and 95th 
percentile anticipated daily intake of the NF (expressed as LNFP-I/2’-FL mixture on a mg/kg bw basis), among the EU dietary 
surveys, are presented in Table 7.

The estimated daily intake of the NF for each population group from each EU dietary survey is available in the excel file 
annexed to this scientific opinion under the Supporting Information section.

Considering the upper limits of the range included in the specifications, 75% of the NF for LNFP-I and 35% for 2’-FL, 
the highest P95 intake calculated for LNFP-I are 441 and 416 mg/kg bw per day in infants and young children, respectively 
(Table 8). The Panel notes that both results are higher than the estimated natural highest mean daily intake of 383 mg/kg 
bw per day (Table 4).

 16https://​www.​efsa.​europa.​eu/​it/​scien​ce/​tools-​and-​resou​rces/​dietex

T A B L E  7   Intake estimate of LNFP-I/2’-FL mixture resulting from the use of the NF as an ingredient in the 
intended food categories at the maximum proposed use levels.

Population group Age (years)

Mean intake  
(mg/kg bw per day)

P95 intake  
(mg/kg bw per day)

Lowesta Highesta Lowestb Highestb

Infants < 1 71 293 189 588

Young childrenc 1 to < 3 37 155 103 555

Other children 3 to < 10 14 49 31 85

Adolescents 10 to < 18 3 19 12 44

Adultsd ≥ 18 8 10 17 24

Abbreviation: bw, body weight.
aIntakes are assessed for all EU dietary surveys available in the food comprehensive database on 27 June 2023. The lowest and 
the highest averages observed among all EU surveys are reported in these columns.
bIntakes are assessed for all EU dietary surveys available in the food comprehensive database on 27 June 2023. The lowest and 
the highest P95 observed among all EU surveys are reported in these columns (P95 based on less than 60 individuals are not 
considered).
cReferred as ‘toddlers’ in the EFSA food consumption comprehensive database (EFSA, 2011).
dIncludes elderly, very elderly, pregnant and lactating women.
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For the other population groups the intake is lower (18–54 mg/kg bw per day; Table 8). The panel finally notes that the 
calculated high intakes of 2’-FL in all population groups (8–206 mg/kg bw per day; Table 9), are below the estimated natural 
highest mean daily intake of 767 mg/kg bw per day (Table 5).

3.7.4  |  Anticipated intake of LNFP-I/2’-FL mixture from the use as FS

The applicant has proposed a maximum daily intake of 4.5 g LNFP-I/2’-FL mixture/day as FS for individuals 3 years and 
above of age and a maximum level of 2.25 g NF/day for infants (0–11 months) and young children (12–35 months).

T A B L E  9   Intake estimate of 2’-FL (upper limit of the proposed range in specifications) resulting from the use 
of the NF as an ingredient in the intended food categories at the maximum proposed use levels.

Population group Age (years)

2’-FL mean intake  
(mg/kg bw per day)e

2’-FL P95 intake  
(mg/kg bw per day)e

Lowesta Highesta Lowestb Highestb

Infants < 1 25 103 66 206

Young childrenc 1 to < 3 13 54 36 194

Other children 3 to < 10 5 17 11 30

Adolescents 10 to < 18 1 7 4 15

Adultsd ≥ 18 3 4 6 8

Abbreviation: bw, body weight.
aIntakes are assessed for all EU dietary surveys available in the food comprehensive database on 27 June 2023. The lowest and 
the highest averages observed among all EU surveys are reported in these columns.
bIntakes are assessed for all EU dietary surveys available in the food comprehensive database on 27 June 2023. The lowest and 
the highest P95 observed among all EU surveys are reported in these columns (P95 based on less than 60 individuals are not 
considered).
cReferred as ‘toddlers’ in the EFSA food consumption comprehensive database (EFSA, 2011).
dIncludes elderly, very elderly, pregnant and lactating women.
eAssuming for 2’-FL 35% of the NF as per upper limit in the specifications.

T A B L E  8   Intake estimate of LNFP-I (upper limit of the proposed range in specifications) resulting from 
the use of the NF as an ingredient in the intended food categories at the maximum proposed use levels.

Population group Age (years)

LNFP-I mean intake  
(mg/kg bw per day)e

LNFP-I P95 intake  
(mg/kg bw per day)e

Lowesta Highesta Lowestb Highestb

Infants < 1 53 220 142 441

Young childrenc 1 to < 3 28 116 77 416

Other children 3 to < 10 11 37 23 54

Adolescents 10 to < 18 2 14 9 33

Adultsd ≥ 18 6 8 13 18

Abbreviation: bw, body weight.
aIntakes are assessed for all EU dietary surveys available in the food comprehensive database on 27 June 2023. The lowest 
and the highest averages observed among all EU surveys are reported in these columns.
bIntakes are assessed for all EU dietary surveys available in the food comprehensive database on 27 June 2023. The lowest 
and the highest P95 observed among all EU surveys are reported in these columns (P95 based on less than 60 individuals 
are not considered).
cReferred as ‘toddlers’ in the EFSA food consumption comprehensive database (EFSA, 2011).
dIncludes elderly, very elderly, pregnant and lactating women.
eAssuming for LNFP-I 75% of the NF as per upper limit in the specifications.
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The intake of LNFP-1 from the use of the NF as FS (Table 10) shows that the maximum daily intake (i.e. 48–338 mg/kg 
bw per day) is lower than the estimated natural highest mean daily intake of LNFP-I of 383 mg/kg bw in breastfed infants 
(Table 4). Similarly, the maximum daily intake of 2’-FL from the use of the NF as FS (i.e. 22–158 mg/kg bw per day) is below 
the high intake of 2’-FL of 767 mg/kg bw in breastfed infants (Table 5).

According to the applicant, FS are not intended to be used if other foods with added NF are also consumed on the same 
day. For infants and young children, FS are not intended to be used if human milk or other foods with added NF are con-
sumed on the same day.

Finally, the applicant proposed the use of the NF in ‘Total daily diet replacement for weight reduction’ at a maximum 
daily intake of 4.5 g LNFP-I/2’-FL mixture. The use is limited to ‘healthy overweight or obese adults’10 and the resulting in-
take is lower than the estimated highest mean daily intake in breastfed infants on a body weight basis (Table 10).

3.7.5  |  Combined intake from the NF and other sources

The Panel notes that the main component of the NF, LNFP-I, is not authorised for use in food categories other than those 
proposed for the NF under assessment. Therefore, the only possible additional source for LNFP-I is human milk.

2’-FL is already authorised for use in several food categories.4 The Panel notes that the food categories where 2’-FL is 
proposed to be added are similar to the authorised ones. However, since the use is authorised in a few other food catego-
ries (e.g. table-top sweeteners) a combined intake of the current LNFP-I/2’-FL mixture with foods containing 2’-FL only may 
occur. The Panel also notes that the intake with the current proposed conditions of use as NF is rather low in comparison 
with the estimated highest natural daily intake and the already authorised uses and use levels.

3.8  |  Absorption, distribution, metabolism and excretion (ADME)

No ADME data were provided for the NF.
As mentioned by the applicant and reported in previous EFSA opinions (e.g. EFSA NDA Panel,  2015a; EFSA NDA 

Panel,  2022c, 2023a) HMOs, including fucosyllactoses, are considered ‘non-digestible oligosaccharides’ (EFSA NDA 
Panel, 2014) since they do not undergo any significant digestion by human enzymes in the upper gastrointestinal tract and 
only small amounts are expected to be absorbed. Milk oligosaccharides are fermented in the colon by intestinal microbiota 
with a fraction excreted unchanged in the faeces and a small fraction found in the urine (EFSA NDA Panel, 2022a).

Finally, there are no indications that the absorption of LNFP-I and 2’-FL, or other structurally related mono- and oligosac-
charides (e.g. d-lactose, LNT) from the NF, differs from that of the same components in human milk.

3.9  |  Nutritional information

The NF is mainly composed of the non-digestible oligosaccharides LNFP-I and 2’-FL.
The NF contains other carbohydrates individually present at low concentrations (slightly above or below 1%, see Table 2). 

d-Lactose is the most abundant molecule in human milk (~ 7%) and its monomers, d-glucose and d-galactose, are normal 
constituents of human milk. l-Fucose, which is present in traces, is a building block of the HMO. DFL and 3-FL also belong 
to the group of fucosylated HMOs, which constitute up to 80% of the total HMO fraction in human milk (Bode, 2012). LNT 

T A B L E  1 0   Intake estimate of LNFP-I/2’-FL mixture resulting from the use of the NF in FS.

Population 
group

Age 
(years)

Body weighta 
(kg)

Use level LNFP-I/2’-FL  
(g/day)

Intake of 
LNFP-I

Intake of 
2’-FL

Use level LNFP-I/2’-FL  
(mg/kg bw per day)b (mg/kg bw per day)e

Infants < 1 5.0 2.25 450 338 158

Young childrenc 1 to < 3 12.0 2.25 188 141 66

Other children 3 to < 10 23.1 4.5 195 146 68

Young 
adolescents

10 to < 14 43.4 4.5 104 78 36

Older adolescents 14 to < 18 61.3 4.5 73 55 26

Adultsd ≥ 18 70.0 4.5 64 48 22

Abbreviation: bw, body weight.
aDefault and average body weights for each population group are available in EFSA Scientific committee (2012).
b: Intake in ‘mg/kg bw per d’ are calculated by considering the use levels in ‘mg/d’ and default body weights defined in EFSA Scientific Committee (2012).
cReferred as ‘toddlers’ in the EFSA food consumption comprehensive database (EFSA, 2011).
dIncludes elderly, very elderly, pregnant and lactating women.
eAssuming 75% and 35% of the NF for LNFP-I and 2’-FL, respectively, as per upper limits in the specifications.
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is also one of the most relevant HMOs present in all types of human milks (Erney et al., 2001). Only traces of other related 
oligosaccharides (e.g. 2′-fucosyl-d-lactulose) can be detected in the NF.

The Panel considers that, taking into account the composition of the NF and the proposed conditions of use, consump-
tion of the NF is not nutritionally disadvantageous.

3.10  |  Toxicological information

The applicant provided three toxicological studies on the NF, which were conducted in compliance with Organisation 
for Economic Co-operation and Development (OECD, 1997, 2014, 2018) principles of Good Laboratory Practice (GLP) 
(OECD, 1998) and in accordance with relevant OECD test guidelines (TG) No 471, 487 and 408. The studies were conducted 
with the same batch of the NF which contained 89.7% w/w of LNFP-I/2’-FL (about 59% and 32%, respectively). The studies 
which were claimed proprietary by the applicant are listed in Table 11. Experimental designs with main results are included 
in a relevant publication (Phipps et al., 2020).

3.10.1  |  Genotoxicity

The potential genotoxicity of the NF was investigated in a bacterial reverse mutation test and in an in vitro mammalian cell 
micronucleus test (Table 11).

The in vitro assessment of the mutagenic potential of the NF (Study Report, 2020a; Phipps et al., 2020) was performed 
with mutants of S. Typhimurium, strains TA98, TA100, TA1535 and TA1537, and a mutant of E. coli WP2 uvrA (pKM101). A mu-
tagenicity test was conducted with the plate incorporation method at five different concentrations from 55.5 up to 5550 
μg NF/plate (corresponding to 5000 μg LNFP-I/2’-FL mixture) in the main study), either in the presence or absence of liver 
microsomal fractions (S9 fraction) with the NF in water solution. No reproducible or dose-related increases in revertant 
colony numbers (less than two-fold increase) over control counts were observed with any of the strains following exposure 
to the LNFP-I/2’-FL mixture at any concentration. No appreciable toxicity or precipitation was observed following exposure 
to any tested dose of the NF.

In the in vitro mammalian cell micronucleus test in human lymphocytes (Phipps et al., 2020; Study Report, 2020b), con-
centrations of 555, 1110 and 2220 μg NF/mL (corresponding to up to 2000 μg/mL of LNFP-I/2’-FL mixture) were tested in 
the main study in the presence (3-hour treatment) and absence (3- and 20-hour treatments) of S9 metabolic activation. No 
cytotoxicity or precipitation were observed and the percentage of micronuclei in cultured human lymphocytes was not 
significantly increased in any of the test substance concentrations.

Taking into account the test results provided and considering the nature, source and production process of the NF, the 
Panel considers that there are no concerns regarding genotoxicity.

3.10.2  |  Subchronic toxicity

In the 90-day study, groups of 10 Crl:CD(SD) neonatal rats/sex were administered by gavage a dose of 0 (vehicle, water), 
1110, 3330 and 5550 mg NF/kg bw per day (corresponding to 1000, 3000 or 5000 mg/kg bw of LNFP-I/2’-FL mixture) once 
daily for 90 consecutive days, starting from 7-day of age. An additional reference control group received oligofructose at 
5000 mg/kg bw per day under the same conditions. Additional five rats/sex in the vehicle control, high-dose NF and refer-
ence control groups were also dosed once daily for 90 days and then observed over a 4-week recovery period, to assess the 
reversibility of any changes observed in the dosing phase (Phipps et al., 2020; Study Report, 2020c).

In addition to the standard examinations and data collection (including functional observational battery and some 
hormonal measurements) and in consideration of the age of the rats, specific observations were carried out, including 

T A B L E  11   List of toxicological studies with the NF provided by the applicant.

Reference Type of study Test system Dose (LNFP-I/2’-FL)

Study No. YP48JX, technical 
report 2020a

(Phipps et al., 2020)

Bacterial reverse mutation test 
(GLP, OECD TG 471 (1997))

Salmonella Typhimurium TA98, 
TA100, TA1535 and TA1537. 
Escherichia coli WP2 uvrA 
(pKM101)

Up to 5000 μg/plate (absence and 
presence of S9 mix)

Study No. QR38KG, technical 
report 2020b

(Phipps et al., 2020)

In vitro mammalian cell 
micronucleus test (GLP, 
OECD TG 487 (2014))

Human lymphocytes 500, 1000 and 2000 μg/mL (absence 
and presence of S9 mix)

Study No. FC89HQ, technical 
report 2020c (Phipps 
et al., 2020)

90-day repeated dose oral 
toxicity study followed by 
a 4-week recovery period 
(GLP, OECD TG 408 (2018))

Neonatal Crl:CD(SD) rats 0, 1000, 3000 or 5000 mg/kg bw/
day (oral gavage from day 7 of 
age)

Abbreviations: bw, body weight; GLP, Good Laboratory Practice; OECD, Organisation for Economic Co-operation and Development; SD, Sprague Dawley; TG, test 
guidelines.
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pre-weaning reflex development (e.g. eye opening, startle response), ulna length, sexual maturation (balano-preputial 
separation and vaginal opening for males and females, respectively) and oestrous cycle monitoring.

There were no test-item related deaths in the course of the study and no treatment-related clinical signs were observed 
in any rats. A total of nine rats died or were sacrificed because of poor general condition in the first 2-week of dosing, of 
which five were in the reference control group, two in the mid-dose group and two in the high-dose group. Apart from 
one rat in the high-dose group, whose death was due to a dosing error, no clear cause of death for the remaining ones 
was determined. No changes in body weight and food consumption through the study were noted and no biologically 
relevant differences in the age or body weight at which the males and females attained physical signs of sexual maturation 
were observed. The mean body weights at balano-preputial skinfold separation for mid- and high-dose males and also in 
the reference control males were statistically significantly higher than those of vehicle controls, without dose-correlation. 
Oestrous cycles were unaffected by the NF administration.

Statistically significant differences in some haematological parameters were noted: increased neutrophil count for 
males (mid- and high-dose, not dose-related), monocytes and large unstained cells for mid-dose males. Decreased platelet 
counts for all groups in both sexes, reference controls included, were also noted. Finally, decreased reticulocyte counts for 
low- and mid-dose females, decreased mean corpuscular haemoglobin and mean corpuscular haemoglobin concentration 
for high-dose females, and shortened prothrombin time for all females were recorded. Likewise, in clinical biochemistry 
statistically significant changes were noted: increased inorganic phosphorus for low- and mid-dose females and decreased 
alanine aminotransferase in high-dose females. Slight increases in T3 levels were observed at high-dose in both sexes and 
in the reference control group. Slight increases in TSH for low- and mid-dose males, and for mid-dose females were also 
observed. In urinary parameters statistically significant increases in urinary pH (all male groups and mid- and high-dose 
females) and decreased specific gravity limited to high-dose males were noted.

The Panel notes that these changes (all reported in Phipps et al., 2020) were generally of low magnitude, without a clear 
dose–response, not consistently observed in both sexes and sometimes also noted in the reference control group. For the 
above reasons, the changes are overall considered by the Panel as not toxicologically relevant.

The statistically significant changes observed in organ weights were lower salivary gland weight in mid-dose males, 
reductions in adrenal weight (high-dose males) and brain, lungs and bronchi weight (high-dose females). Overall, there 
were no NF-related macroscopic or histological abnormalities. The findings observed were considered incidental, with 
low frequency, distributed across groups and generally consistent with changes observed in SD rats in subchronic studies.

The Panel considers that no adverse effects were observed in this study up to the highest tested dose of 5000 mg LNFP-
I/2’-FL mixture /kg bw per day (5550 mg NF/kg bw per day).

3.10.3  |  Human data

No human studies with the NF have been conducted according to the applicant.

3.11  |  Allergenicity

The applicant did not identify an allergenic potential of introduced proteins as a result of the genetic modification of E. coli 
K-12 DH1 (DSM 4235) parental strain, assessed according to the ‘Scientific opinion on the assessment of allergenicity of GM 
plants and microorganisms and derived food and feed of the Scientific Panel on Genetically Modified Organisms’ (EFSA 
GMO Panel, 2010). The criterion used for identifying allergenic proteins was that of considering ‘higher than 35% identity 
in a sliding window of 80 amino acids’.

The protein content in the NF is low (≤ 0.01% w/w) as indicated in the specifications (Table 3).
The Panel considers that, for these reasons, the likelihood of allergenic reactions to the NF is low.

4  |  D ISCUSSIO N

The NF is a powdered mixture mainly composed of LNFP-I and 2’-FL, but it also contains d-lactose, LNT, DFL, LNFP-I fructose 
isomer, 3-FL, 2′-fucosyl-d-lactulose, l-fucose and 2′-fucosyl-d-lactitol, and a small fraction of other related saccharides. The 
NF is produced by fermentation by a genetically modified strain (E. coli K-12 DH1 MDO MP2173b) of E. coli K-12 DH1 (DSM 
4235).

The applicant intends to add the NF to a variety of foods (e.g. milk, yoghurt, cereals), including IF and FOF, FSMP and FS. 
The target population proposed by the applicant is the general population.

It is noted that additional sources of the oligosaccharides contained in the NF are cow milk and milk-derived products. 
However, the contribution from consumption of cow milk and milk-derived products is small (see Section 3.6.2). Considering  
that LNFP-I is not included in the Union list of NF, it is a naturally occurring oligosaccharide present in human milk and only 
very low concentrations of fucosylated oligosaccharides are found in bovine milk, the history of human exposure to LNFP-I 
relates to breastfed infants. 2’-FL when differently produced is already authorised for use in several food categories. The 
Panel notes that in infants up to 16 weeks of age the anticipated daily intake of LNFP-I from the consumption of IF only, is 
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similar to the corresponding estimated highest mean daily intake in breastfed infants on a body weight basis. Values up to 
15% higher than the estimated highest mean daily intake from breastmilk were noted in infants (in 2 out of 12 dietary sur-
veys included in the EFSA food consumption database) and in young children (1 out of 15 surveys). Considering the conser-
vative assumption underlying this type of intake assessment (in particular, assuming that the NF is added at the maximum 
proposed use levels, at the upper level of the range included in the specifications and to all the proposed food categories 
consumed by infants and young children), the Panel considers that it is unlikely that the intake of LNFP-I would exceed the 
estimated highest mean daily intake in breastfed infants. Estimated natural highest mean daily intakes were not exceeded 
in all conditions of use for 2’-FL, FS included.

According to the applicant, FS are not intended to be used if other foods to which LNFP-I and 2’-FL have been added (as 
well as human milk for infants and young children) are consumed on the same day.

Since the intake in breastfed infants on a body weight basis is expected to be safe also for other population groups, the 
Panel considers that the intake of the NF containing LNFP-I and 2’-FL for the proposed uses at their respective maximum 
use levels can be considered safe.

The submitted toxicity studies did not raise safety concerns. No toxicologically relevant effects were observed in the 
subchronic toxicity study performed in neonatal SD rats at up to the highest dose tested of 5000 mg LNFP-I/2’-FL mixture/
kg bw per day (5550 mg NF/kg bw per day).

It is finally noted that, in line with other oligosaccharides that are natural components of human milk, the safety assess-
ment of the components of this NF is mainly based on the comparison between the natural intake in breastfed infants and 
the estimated intake of NF components. Taking into account the intrinsic nature of HMOs with their limited absorption, 
the absence of toxicologically relevant effects in the subchronic study and considering that breastfed infants are naturally 
exposed to these substances, the Panel considers that the consumption of a mixture of LNFP-I and 2’-FL in the NF under 
the proposed conditions of use does not raise safety concerns.

5  |  CO NCLUSIO NS

The Panel concludes that the NF, which is composed of a mixture of LNFP-I/2’-FL and other structurally related mono- and 
oligosaccharides, is safe under the proposed conditions of use.

5.1  |  Protection of proprietary data in accordance with Article 26 of Regulation (EU) 
2015/2283

The Panel could not have reached the conclusion on the safety of the NF under the proposed conditions of use without the 
data claimed as proprietary by the applicant (i) identity of the NF as confirmed by NMR spectroscopy, LC–MS/MS and HPLC–
CAD; (ii) detailed description of the production process; (iii) information on the genetically modified production strain; 
(iv) composition and stability of the NF; (v) intake assessment; (vi) toxicological information, including in vitro genotoxicity 
studies and 90-day subchronic toxicity study (Table 11).

6  |  STE PS TAK E N BY E FSA

1.	On 01 July 2021 EFSA received a letter from the European Commission with the request for a scientific opinion on the 
safety of Lacto-N-fucopentaose I/2′-fucosyllactose mixture. Ref.Ares(2021)4282145.

2.	On 01 July 2021, a valid application on the safety of Lacto-N-fucopentaose I/2′-fucosyllactose mixture, which was sub-
mitted by Glycom A/S, was made available to EFSA by the European Commission through the Commission e-submission 
portal (NF 2021/2371) and the scientific evaluation procedure was initiated.

3.	On 15 October 2021, 20 May 2022, 05 January 2023 and 12 May 2023, EFSA requested the applicant to provide additional 
information to accompany the application and the scientific evaluation was suspended.

4.	On 02 February 2022, 05 January 2023, 19 April 2023 and 07 June 2023, additional information was provided by the ap-
plicant through the Commission e-submission portal and the scientific evaluation was restarted.

5.	During its meeting on 26 October 2023, the NDA Panel, having evaluated the data, adopted a scientific opinion on the 
safety of Lacto-N-fucopentaose I/2′-fucosyllactose mixture as a NF pursuant to Regulation (EU) 2015/2283.

A B B R E V I AT I O N S
1D	 Mono-dimensional
2D	 Two-dimensional
2’-FL	 2’-Fucosyllactose
3-FL	 3-Fucosyllactose
3’-SL	 3’-Sialyllactose
6’-SL	 6’-Sialyllactose
ACVA	 4,4′-azobis-(4-cyanovaleric acid)
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ADME	 Absorption, Distribution, Metabolism and Excretion
AFNOR	 Association Francaise de Normalisation
APC	 Adenomatous polyposis coli
ATCC	 American Type Culture Collection
BIOHAZ	 EFSA Panel on Biological Hazards
BRD	 Bacteriology Reference Department
bw	 Body weight
CAS	 Chemical Abstracts Service
CFU	 Colony forming units
CID	 Collision-induced dissociation
Crl:CD(SD) rats	 Charles River Laboratories: Caesarean-derived (Sprague Dawley) rats
DEPT-Q	 Distortionless enhancement by polarisation transfer with retention of quaternaries
DFL	 Difucosyllactose
DietEx	 EFSA Dietary Exposure tool
DIN	 Deutsches Institut für Normung e.V.
DM	 Dry matter
DSMZ	 German Collection of Microorganisms and Cell Cultures
EC	 European Commission
EFSA	 European Food Safety Authority
EN	 European norm
Escherichia coli W	 Waksman's E. coli strain
EU	 Endotoxin units
FEEDAP	 EFSA Panel on Additives and Products or Substances used in Animal Feed
FOF	 Follow-on formula
FS	 Food supplements
FSMP	 Food for special medical purposes
FSSC 22000	 Food Safety System Certification 22,000
Gal	 Galactose
g-DQFCOSY	 Gradient double-quantum-filtered correlation spectroscopy
g-HSQC	 Gradient heteronuclear single quantum coherence
g-HMBC	 Gradient heteronuclear multiple bond coherence
Glc	 Glucose
GlcNAc	 N-acetyl-d-glucosamine
GLP	 Good Laboratory Practices
GMO	 EFSA Panel on Genetically Modified Organisms
GMP	 Good Manufacturing Practices
HACCP	 Hazard Analysis Critical Control Points
HiMO	 Human-identical milk oligosaccharide
HMO	 Human milk oligosaccharide
HPAEC–PAD	 High-performance anion-exchange chromatography – pulsed amperometric detection
HPLC–CAD	 High-performance liquid chromatography – charged aerosol detection
ICP-MS	 Inductively coupled plasma – mass spectrometry
IF	 Infant formula
ISO	 International Organisation for Standardisation
IUPAC	 International Union of Pure and Applied Chemistry
LAL	 Limulus amebocyte lysate
LC	 Liquid chromatography
LNFP-I	 Lacto-N-fucopentaose I
LNnT	 Lacto-N-neotetraose
LNT	 Lacto-N-tetraose
LOQ	 Limit of quantification
m/mod.	 Modification of analytical methods
MDO	 Membrane-derived oligosaccharides
MN	 Micronucleous
MS/MS	 Tandem mass spectrometry
MSZ	 Hungarian Standards Institution
NANA	 N-acetyl-d-neuraminic acid, sialic acid
ND	 Not detected
NDA	 EFSA Panel on Nutrition, Novel Foods and Food Allergens
NF	 Novel food
NMR	 Nuclear magnetic resonance spectroscopy
NOESY	 Nuclear overhauser effect spectroscopy
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OECD	 Organisation for Economic Co-operation and Development
Ph. Eur.	 European Pharmacopoeia
qPCR	 Quantitative polymerase chain reaction
QPS	 Qualified presumption of safety
RH	 Relative humidity
RNA	 Ribonucleic acid
SD	 Standard deviation
SD rats	 Sprague Dawley rats
T3	 Triiodothyronine
TG	 Test guidelines
TOCSY	 Total correlation spectroscopy
TSH	 Thyroid stimulating hormone
UHT	 Ultra-high temperature
US	 United States
US EPA	 US Environmental Protection Agency
w/w	 Weight per weight
ZKBS	 Central Committee on Biological Safety

C O N F L I C T  O F  I N T E R E S T
If you wish to access the declaration of interests of any expert contributing to an EFSA scientific assessment, please contact 
interestmanagement@efsa.europa.eu.

R E Q U E S T O R
European Commission

Q U E S T I O N  N U M B E R
EFSA-Q-2021-00170

C O P Y R I G H T  F O R  N O N - E F S A  C O N T E N T
EFSA may include images or other content for which it does not hold copyright. In such cases, EFSA indicates the copyright
holder and users should seek permission to reproduce the content from the original source.

PA N E L  M E M B E R S
Dominique Turck, Torsten Bohn, Jacqueline Castenmiller, Stefaan De Henauw, Karen Ildico Hirsch-Ernst, Helle Katrine 
Knutsen, Alexandre Maciuk, Inge Mangelsdorf, Harry J McArdle, Androniki Naska, Kristina Pentieva, Alfonso Siani, Frank 
Thies, Sophia Tsabouri, Marco Vinceti.

R E F E R E N C E S
Aldredge, D. L., Geronimo, M. R., Hua, S., Nwosu, C. C., Lebrilla, C. B., & Barile, D. (2013). Annotation and structural elucidation of bovine milk oligosaccha-

rides and determination of novel fucosylated structures. Glycobiology, 23, 664–676.
Austin, S., De Castro, C. A., Sprenger, N., Binia, A., Affolter, M., Garcia-Rodenas, C. L., Beauport, L., Tolsa, J. F., & Fischer Fumeaux, C. J. (2019). Human milk 

oligosaccharides in the milk of mothers delivering term versus preterm infants. Nutrients, 11, 1282.
Blattner, F. R., Plunkett, G., III, Bloch, C. A., Perna, N. T., Burland, V., Riley, M., Collado-Vides, J., Glasner, J. D., Rode, C. K., Mayhew, G. F., Gregor, J., Davis, 

N. W., Kirkpatrick, H. A., Goeden, M. A., Rose, D. J., Mau, B., & Shao, Y. (1997). The complete genome sequence of Escherichia coli K-12. Science, 277, 
1453–1462.

Bode, L. (2012). Human milk oligosaccharides: Every baby needs a sugar mama. Glycobiology, 22, 1147–1162.
Breg, J., Romijn, D., Vliegenthart, J. F. G., Strecker, G., & Monteuil, J. (1988). Scope and limitations of rotating-frame nuclear overhauser enhancements 

spectroscopy applied to oligosaccharides. Carbohydrate Research, 183, 19–34.
Chai, W., Piskarev, V., & Lawson, A. M. (2001). Negative-ion electrospray mass spectrometry of neutral Underivatized oligosaccharides. Analytical 

Chemistry, 73(3), 651–657.
EFSA (European Food Safety Authority). (2011). Use of the EFSA comprehensive European food consumption database in exposure assessment. EFSA 

Journal, 9(3), 34. https://​doi.​org/​10.​2903/j.​efsa.​2011.​2097
EFSA (European Food Safety Authority), Arcella, D., Ioannidou, S., & Sousa, R., (2018). Internal report on the harmonisation of dilution factors to be used 

in the assessment of dietary exposure.  https://doi.org/10.5281/zenodo.1256085
EFSA BIOHAZ Panel (EFSA Panel on Biological Hazards). (2023). Scientific opinion on the update of the list of qualified presumption of safety (QPS) 

recommended microorganisms intentionally added to food or feed as notified to EFSA. EFSA Journal, 21(1), 23. https://​doi.​org/​10.​2903/j.​efsa.​2023.​
7747

EFSA FEEDAP Panel (EFSA Panel on Additives and Products or Substances used in Animal Feed). (2018). Guidance on the characterisation of microorgan-
isms used as feed additives or as production organisms. EFSA Journal, 16(3), 24. https://​doi.​org/​10.​2903/j.​efsa.​2018.​5206

EFSA GMO Panel (EFSA Panel on Genetically Modified Organisms). (2010). Scientific opinion on the assessment of allergenicity of GM plants and micro-
organisms and derived food and feed. EFSA Journal, 8(7), 168. https://​doi.​org/​10.​2903/j.​efsa.​2010.​1700

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies). (2013). Scientific opinion on nutrient requirements and dietary intakes of 
infants and young children in the European Union. EFSA Journal, 11(10), 103. https://​doi.​org/​10.​2903/j.​efsa.​2013.​3408

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies). (2014). Scientific opinion on the essential composition of infant and fol-
low-on formulae. EFSA Journal, 12(7), 106. https://​doi.​org/​10.​2903/j.​efsa.​2014.​3760

 18314732, 2023, 12, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2023.8412 by U

niversity M
odena, W

iley O
nline L

ibrary on [12/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:interestmanagement@efsa.europa.eu
https://doi.org/10.2903/j.efsa.2011.2097
https://doi.org/10.5281/zenodo.1256085
https://doi.org/10.2903/j.efsa.2023.7747
https://doi.org/10.2903/j.efsa.2023.7747
https://doi.org/10.2903/j.efsa.2018.5206
https://doi.org/10.2903/j.efsa.2010.1700
https://doi.org/10.2903/j.efsa.2013.3408
https://doi.org/10.2903/j.efsa.2014.3760


      |  21 of 23SAFETY OF LNFP-I/2’-FL MIXTURE

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies). (2015a). Scientific opinion on the safety of 2’-O-fucosyllactose as a novel food 
ingredient pursuant to regulation (EC) No 258/97. EFSA Journal, 13(7), 32. https://​doi.​org/​10.​2903/j.​efsa.​2015.​4184

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies). (2015b). Statement on the safety of lacto-N-neotetraose and 2’-O-fucosyllactose 
as novel food ingredients in food supplements for children. EFSA Journal, 13(11), 11. https://​doi.​org/​10.​2903/j.​efsa.​2015.​4299

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies). (2015c). Scientific opinion on the safety of lacto-N-neotetraose as a novel 
food ingredient pursuant to regulation (EC) No 258/97. EFSA Journal, 13(7), 32. https://​doi.​org/​10.​2903/j.​efsa.​2015.​4183

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies). (2016). Guidance on the preparation and presentation of an application for 
authorisation of a novel food in the context of regulation (EU) 2015/2283. EFSA Journal, 14(11), 24. https://​doi.​org/​10.​2903/j.​efsa.​2016.​4594

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies). (2017). Scientific opinion on the safety of synthetic N-acetyl-D-neuraminic 
acid as a novel food pursuant to regulation (EC) No 258/97. EFSA Journal, 15(7), 28. https://​doi.​org/​10.​2903/j.​efsa.​2017.​4918

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2019a). Scientific opinion on the safety of 2′-fucosyllactose/difucosyllac-
tose mixture as a novel food pursuant to regulation (EU) 2015/2283. EFSA Journal, 17(6), 23. https://​doi.​org/​10.​2903/j.​efsa.​2019.​5717

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2019b). Scientific opinion on the safety of lacto-N-tetraose (LNT) as a novel 
food pursuant to regulation (EU) 2015/2283. EFSA Journal, 17(12), 27. https://​doi.​org/​10.​2903/j.​efsa.​2019.​5907

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2020a). Scientific opinion on the safety of lacto-N-neotetraose (LNnT) 
produced by derivative strains of E. Coli BL21 as a novel food pursuant to regulation (EU) 2015/2283. EFSA Journal, 18(11), 11. https://​doi.​org/​10.​
2903/j.​efsa.​2020.​6305

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2020b). Scientific opinion on the safety of 6’-Sialyllactose (6’-SL) sodium salt 
as a novel food pursuant to regulation (EU) 2015/2283. EFSA Journal, 18(5), 23. https://​doi.​org/​10.​2903/j.​efsa.​2020.​6097

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2020c). Scientific opinion on the safety of 3’-Sialyllactose (3’-SL) sodium salt 
as a novel food pursuant to regulation (EU) 2015/2283. EFSA Journal, 18(5), 22. https://​doi.​org/​10.​2903/j.​efsa.​2020.​6098

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2021). Scientific opinion on the safety of 3-Fucosyllactose (3-FL) as a novel 
food pursuant to regulation (EU) 2015/2283. EFSA Journal, 19(6), 25. https://​doi.​org/​10.​2903/j.​efsa.​2021.​6662

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2022a). Scientific opinion on the safety of 2′-fucosyllactose (2’-FL) pro-
duced by a derivative strain (APC199) of Corynebacterium glutamicum ATCC 13032 as a novel food pursuant to regulation (EU) 2015/2283. EFSA 
Journal, 20(12), 21. https://​doi.​org/​10.​2903/j.​efsa.​2022.​7647

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2022b). Scientific opinion on the safety of 3-fucosyllactose (3-FL) produced 
by a derivative strain of Escherichia coli BL21 (DE3) as a novel food pursuant to regulation (EU) 2015/2283. EFSA Journal, 20(5), 23. https://​doi.​org/​
10.​2903/j.​efsa.​2022.​7329

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2022c). Scientific opinion on the safety of the extension of use of 2′-fucosyl-
lactose (2’-FL) and lacto-N-neotetraose (LNnT) as novel foods in food supplements for infants pursuant to regulation (EU) 2015/2283. EFSA Journal, 
20(5), 9. https://​doi.​org/​10.​2903/j.​efsa.​2022.​7257

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2022d). Scientific opinion on the safety of the extension of use of 2′-fuco-
syllactose/difucosyllactose (2’-FL/DFL) mixture and lacto-N-tetraose (LNT) as novel foods in food supplements for infants pursuant to regulation 
(EU) 2015/2283. EFSA Journal, 20(3), 9. https://​doi.​org/​10.​2903/j.​efsa.​2022.​7140

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2022e). Scientific opinion on the safety of lacto-N-tetraose (LNT) produced 
by derivative strains of Escherichia coli BL21 (DE3) as a novel food pursuant to regulation (EU) 2015/2283. EFSA Journal, 20(5), 24. https://​doi.​org/​10.​
2903/j.​efsa.​2022.​7242

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2022f). Scientific opinion on the safety of 6′-sialyllactose (6’-SL) sodium salt 
produced by derivative strains of Escherichia coli BL21 (DE3) as anovel food pursuant to regulation (EU) 2015/2283. EFSA Journal, 20(12), 29. https://​
doi.​org/​10.​2903/j.​efsa.​2022.​7645

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2022g). Scientific opinion on the safety of 3′-sialyllactose (3’-SL) sodium salt 
produced by derivative strains of Escherichia coli BL21 (DE3) as a novel food pursuant to regulation (EU) 2015/2283. EFSA Journal, 20(5), 26. https://​
doi.​org/​10.​2903/j.​efsa.​2022.​7331

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2023a). Safety of 2'-fucosyllactose (2’-FL) produced by a derivative 
strain (Escherichia coli SGR5) of E. coli W (ATCC 9637) as a Novel Food pursuant to Regulation (EU) 2015/2283. EFSA Journal, 21(11), 26. https://doi.
org/10.2903/j.efsa.2023.8333

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2023b). Safety of the extension of use of 2'-fucosyllactose (2'-FL) as a novel 
food pursuant to Regulation (EU) 2015/2283. EFSA Journal, 21(11), 13. https://doi.org/10.2903/j.efsa.2023.8334

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2023c). Scientific opinion on the safety of 3-fucosyllactose (3-FL) produced 
by a derivative strain of Escherichia coli K-12 DH1 as a novel food pursuant to regulation (EU) 2015/2283. EFSA Journal, 21(6), 29. https://​doi.​org/​10.​
2903/j.​efsa.​2023.​8026

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2023d). Scientific opinion on the safety of 6′-sialyllactose (6’-SL) sodium salt 
produced by a derivative strain (Escherichia coli NEO6) of E. Coli W (ATCC 9637) as a novel food pursuant to regulation (EU) 2015/2283. EFSA Journal, 
21(6), 23. https://​doi.​org/​10.​2903/j.​efsa.​2023.​8025

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens). (2023e). Scientific opinion on the safety of 3′-sialyllactose (3’-SL) sodium salt 
produced by a derivative strain (Escherichia coli NEO3) of E. Coli W (ATCC 9637) as a novel food pursuant to regulation (EU) 2015/2283. EFSA Journal, 
21(9), 24. https://doi.org/10.2903/j.efsa.2023.8224

EFSA Scientific Committee. (2012). Guidance on selected default values to be used by the EFSA scientific committee, scientific panels and units in the 
absence of actual measured data. EFSA Journal, 10(3), 32. https://​doi.​org/​10.​2903/j.​efsa.​2012.​2579

EFSA Scientific Committee. (2017). Guidance on the risk assessment of substances present in food intended for infants below 16 weeks of age. EFSA 
Journal, 15(5),4849, 58 pp. https://doi.org/10.2903/j.efsa.2017.4849

EFSA Scientific Committee. (2021). Guidance on technical requirements for regulated food and feed product applications to establish the presence of 
small particles including nanoparticles. EFSA Journal, 19(8), 48. https://​doi.​org/​10.​2903/j.​efsa.​2021.​6769

Erney R, Hilty M, Pickering L, Ruiz-Palacios G and Prieto P, 2001. Human milk oligosaccharides: A novel method provides insight into human genetics. In: 
Bioactive components of human milk. 8th international conference of the International Society for Research on human Milk and lactation, Oct. 25–29, 
1997, Plymouth, Mass. Ed., Newburg DS. Kluwer Academic/Plenum Publishers, Advances in Experimental Medicine and Biology, vol. 501, 285–297.

Gidrewicz, D. A., & Fenton, T. R. (2014). A systematic review and meta-analysis of the nutrient content of preterm and term breast milk. BMC Pediatrics, 
14, 216. https://​doi.​org/​10.​1186/​1471-​2431-​14-​216

Gorbach, S. L. (1978). Recombinant DNA: An infectious disease perspective. Journal of Infectious Diseases, 137, 615–623.
Lukjancenko, O., Wassenaar, T. M., & Ussery, D. W. (2010). Comparison of 61 sequenced Escherichia coli genomes. Microbial Ecology, 60, 708–720.
Molnar-Gabor, D., Hederos, M. J., Bartsch, S., & Vogel, A. (2019). Emerging field – Synthesis of complex carbohydrates. In A. Vogel & O. May (Eds.), Case 

study on HMOs. Industrial enzyme applications, 1st Edition. Wiley-VCH Verlag GmbH & Co. KGaA.
Muhldorfer, I., & Hacker, J. (1994). Genetic aspects of Escherichia coli virulence. Microbial Pathogenesis, 16, 171–181.

 18314732, 2023, 12, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2023.8412 by U

niversity M
odena, W

iley O
nline L

ibrary on [12/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.2903/j.efsa.2015.4184
https://doi.org/10.2903/j.efsa.2015.4299
https://doi.org/10.2903/j.efsa.2015.4183
https://doi.org/10.2903/j.efsa.2016.4594
https://doi.org/10.2903/j.efsa.2017.4918
https://doi.org/10.2903/j.efsa.2019.5717
https://doi.org/10.2903/j.efsa.2019.5907
https://doi.org/10.2903/j.efsa.2020.6305
https://doi.org/10.2903/j.efsa.2020.6305
https://doi.org/10.2903/j.efsa.2020.6097
https://doi.org/10.2903/j.efsa.2020.6098
https://doi.org/10.2903/j.efsa.2021.6662
https://doi.org/10.2903/j.efsa.2022.7647
https://doi.org/10.2903/j.efsa.2022.7329
https://doi.org/10.2903/j.efsa.2022.7329
https://doi.org/10.2903/j.efsa.2022.7257
https://doi.org/10.2903/j.efsa.2022.7140
https://doi.org/10.2903/j.efsa.2022.7242
https://doi.org/10.2903/j.efsa.2022.7242
https://doi.org/10.2903/j.efsa.2022.7645
https://doi.org/10.2903/j.efsa.2022.7645
https://doi.org/10.2903/j.efsa.2022.7331
https://doi.org/10.2903/j.efsa.2022.7331
https://doi.org/10.2903/j.efsa.2023.8333
https://doi.org/10.2903/j.efsa.2023.8333
https://doi.org/10.2903/j.efsa.2023.8334
https://doi.org/10.2903/j.efsa.2023.8026
https://doi.org/10.2903/j.efsa.2023.8026
https://doi.org/10.2903/j.efsa.2023.8025
https://doi.org/10.2903/j.efsa.2023.8224
https://doi.org/10.2903/j.efsa.2012.2579
https://doi.org/10.2903/j.efsa.2017.4849
https://doi.org/10.2903/j.efsa.2021.6769
https://doi.org/10.1186/1471-2431-14-216


22 of 23  |      SAFETY OF LNFP-I/2’-FL MIXTURE

OECD (Organisation for Economic Co-operation and Development). (1997). Test No. 471: Bacterial reverse mutation test. In OECD guidelines for the testing 
of chemicals, section 4: Health effects (p. 11).

OECD (Organisation for Economic Co-operation and Development). (1998). OECD principles on good laboratory practice, OECD series on principles of good 
laboratory practice and compliance monitoring, No. 1. OECD Publishing. https://​doi.​org/​10.​1787/​97892​64078​536-​en

OECD (Organisation for Economic Co-operation and Development). (2014). Test No. 487: In vitro mammalian cell micronucleus test, OECD guidelines for the 
testing of chemicals, section 4. OECD Publishing. https://​doi.​org/​10.​1787/​97892​64224​438-​en

OECD (Organisation for Economic Co-operation and Development). (2018). Test No. 408: Repeated dose 90-day oral toxicity study in rodents, OECD guide-
lines for the testing of chemicals, section 4. OECD Publishing. https://​doi.​org/​10.​1787/​97892​64070​707-​en

OECD (Organisation for Economic Co-operation and Development), Ad Hoc Group on Safety and Regulations in Biotechnology. (1986). Recombinant 
DNA safety considerations Safety considerations for industrial, agricultural and environmental applications of organisms derived by recombinant 
DNA techniques. ISBN 9264128573.

Pfenninger A, Karas M, Finke B, Stahl B, 2002, "Structural analysis of underivatized neutral human milk oligosaccharides in the negative ion mode by 
nano-electrospray MS(n) (part 1: Methodology)", Journal of the American Society for Mass Spectrometry, 13, 1331–1340 and 1341–1348.

Phipps, K. R., Lynch, B., Stannard, D. R., Gilby, B., Baldwin, N., Mikš, M. H., Lau, A., & Röhrig, C. H. (2020). Genotoxicity and neonatal subchronic toxic-
ity assessment of a novel mixture of the human-identical milk oligosaccharides lacto-N-fucopentaose I and 2′-fucosyllactose. Journal of Applied 
Toxicology, 2020, 1–18.

Rao, B. N. N., Dua, V. K., & Allen, C. (1985). Conformations of blood group H-active oligosaccharides of ovarian cyst mucins. Biopolymers, 24, 2207–2229.
Remoroza, C. A., Liang, Y., Mak, T. D., Mirokhin, Y., Sheetlin, S. L., Yang, X., San Andres, J. V., Power, M. L., & Stein, S. E. (2020). Increasing the coverage of a 

mass spectral library of milk oligosaccharides using a hybrid-2 search-based bootstrapping method and milks from a wide variety of mammals. 
Analytical Chemistry, 92(15), 10316–10326. https://​doi.​org/​10.​1021/​acs.​analc​hem.​0c00342

Rijnierse, A., Jeurink, P. V., van Esch, B. C. A. M., Garssen, J., & Knippels, L. M. J. (2011). Food-derived oligosaccharides exhibit pharmaceutical properties. 
European Journal of Pharmacology, 668, S117–S123.

Samuel, T. M., Binia, A., de Castro, C. A., Thakkar, S. K., Billeaud, C., Agosti, M., Al-Jashi, I., Costeira, M. J., Marchini, G., Martınez-Costa, C., Picaud, J. C., Stiris, 
T., Stoicescu, S. M., Vanpe_e, M., Domellöf, M., Austin, S., & Sprenge, N. (2019). Impact of maternal characteristics on human milk oligosaccharide 
composition over the first 4 months of lactation in a cohort of healthy European mothers. Scientific Reports, 9, 11767.

Soyyılmaz, B., Miks, M. H., Röhrig, C. H., Matwiejuk, M., Meszaros-Matwiejuk, A., & Vigsnæs, L. K. (2021). The mean of milk: A review of human milk oligo-
saccharide concentrations throughout lactation. Nutrients, 13, 2737.

Technical study report. (2020a). Covance CRS limited, study No. YP48JX, 2019. (LNFP-I / 2’-FL) Bacterial reverse mutation test.
Technical study report. (2020b). Covance CRS limited – Study No. QR38KG. (LNFP-I/2’-FL): In Vitro Micronucleus Test in Human Lymphocytes.
Technical study report. (2020c). Covance CRS limited – Study No. FC89HQ. (LNFP-I/2’-FL): Ninety-day repeated oral dose toxicity study in neonatal rats 

by oral (gavage) administration followed by a 4-Week recovery period.
Thurl, S., Munzert, M., Boehm, G., Matthews, C., & Stahl, B. (2017). Systematic review of the concentrations of oligosaccharides in human milk. Nutrition 

Reviews, 75, 920–933.
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. British Journal of Nutrition, 104, 1261–1271.
Urashima, T., Taufik, E., Fukuda, K., & Asakuma, S. (2013). Recent advances in studies on milk oligosaccharides of cows and other domestic farm animals. 

Bioscience, Biotechnology, and Biochemistry, 77, 455–466.
Urashima, T., Yamaguchi, E., Ohshima, T., Fukuda, K., & Saito, T. (2018). Chemical structures of oligosaccharides in milk of the raccoon (Procyon lotor). 

Glycoconjugate Journal, 35, 275–286.
US EPA (US Environmental Protection Agency), 1997. Final risk assessment of Escherichia coli K-12 derivatives. https://​www.​epa.​gov/​sites/​​defau​lt/​files/​​

2015-​09/​docum​ents/​fra004.​pdf
ZKBS (The Central Committee on Biological Safety). (2021). Statement of the ZKBS on the suitability of Escherichia coli K12-derived strains as part of biologi-

cal safety measures according to § 8 para. 1 GenTSV. https://​www.​zkbs-​online.​de/​ZKBS/​Share​dDocs/​​Downl​oads/​02_​Allge​meine_​Stell​ungna​hmen_​
engli​sch/​bacte​ria%​20and%​20arc​haea/​E._​coli_​K12_​as_​part_​of_​biol._​safety_​measu​re_​2021.​pdf?__​blob=​publi​catio​nFile​&​v=​3

S U P P O R T I N G  I N F O R M AT I O N
Additional supporting information can be found online in the Supporting Information section at the end of this article.

How to cite this article: EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens)Turck, D., Bohn, 
T., Castenmiller, J., De Henauw, S., Hirsch-Ernst, K. I., Maciuk, A., Mangelsdorf, I., McArdle, H. J., Naska, A., Pentieva, K., 
Siani, A., Thies, F., Tsabouri, S., Vinceti, M., Aguilera-Gómez, M., Cubadda, F., Frenzel, T., Heinonen, M., … Knutsen, H. 
K. (2023). Safety of lacto-N-fucopentaose I/2′-fucosyllactose (LNFP-I/2’-FL) mixture as a novel food pursuant to 
Regulation (EU) 2015/2283. EFSA Journal, 21(12), e8412. https://doi.org/10.2903/j.efsa.2023.8412

 18314732, 2023, 12, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2023.8412 by U

niversity M
odena, W

iley O
nline L

ibrary on [12/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1787/9789264078536-en
https://doi.org/10.1787/9789264224438-en
https://doi.org/10.1787/9789264070707-en
https://doi.org/10.1021/acs.analchem.0c00342
https://www.epa.gov/sites/default/files/2015-09/documents/fra004.pdf
https://www.epa.gov/sites/default/files/2015-09/documents/fra004.pdf
https://www.zkbs-online.de/ZKBS/SharedDocs/Downloads/02_Allgemeine_Stellungnahmen_englisch/bacteria and archaea/E._coli_K12_as_part_of_biol._safety_measure_2021.pdf?__blob=publicationFile&v=3
https://www.zkbs-online.de/ZKBS/SharedDocs/Downloads/02_Allgemeine_Stellungnahmen_englisch/bacteria and archaea/E._coli_K12_as_part_of_biol._safety_measure_2021.pdf?__blob=publicationFile&v=3
https://doi.org/10.2903/j.efsa.2023.8412


      |  23 of 23SAFETY OF LNFP-I/2’-FL MIXTURE

APPE N D IX A

Dietary exposure estimates to the Novel Food for each population group from each EU dietary survey
Information provided in this Annex is shown in an Excel file. Annex A – can be found in the online version of this output (in 
the ‘Supporting information’ section).

The EFSA Journal is a publication of the European Food Safety  
Authority, a European agency funded by the European Union
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