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Health effects assessment – Application A1155

2′-FL and LNnT in infant formula and other products
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Key findings 
FSANZ undertook assessments to determine if the proposed health effects of adding 2′-FL and/or LNnT to infant formula products and formulated supplementary foods for young children (FSFYC) are supported by evidence. As part of the assessment, FSANZ did not identify evidence that would indicate the proposed effects (bifidogenic and anti-infective) would be limited to a particular age group of infants or toddlers. The key findings for each proposed health effect are therefore applicable to all the infant formula products and FSFYC to which this application applies.
Bifidogenic effect
FSANZ’s assessment sought to determine if evidence supports the assertion that the addition of 2′-FL and LNnT to infant formula products and FSFYC could have a bifidogenic effect. FSANZ has previously recognised that the presence of Bifidobacterium and Lactobacillus in the intestinal microflora largely benefit the host[footnoteRef:2],[footnoteRef:3].  [2:  http://www.foodstandards.gov.au/code/proposals/Pages/proposalp306addition3639.aspx]  [3:  http://www.foodstandards.gov.au/code/applications/Pages/applicationa1055shor4991.aspx] 


In vitro bacterial growth/utilisation studies on 2’-FL and LNnT have shown that bifidobacteria and a limited number of other bacteria have the ability to metabolise 2’-FL and LNnT. These studies demonstrate the metabolic mechanism that underpins the bifidogenic effect associated with human milk oligosaccharides (HMO’s), including 2’-FL and LNnT and that bifidobacteria such as Bifidobacterium longum subsp. infantis have a selective growth advantage when 2’-FL and LNnT are present.  

Studies of breastfed infants with mothers of known 2’-FL secretor status and studies comparing breastfed infants with infants fed unsupplemented infant formula investigated the microflora composition of faecal samples of infants. These studies corroborate the in vitro studies in demonstrating the growth advantage afforded by bifidobacteria when fucosylated oligosaccharides, including 2’-FL, are present in the infant diet. This supports the likelihood that 2’-FL has a bifidogenic effect.

A clinical feeding trial for infants supplied by the applicant provided further evidence that the addition of 2′-FL and LNnT to infant formula products will influence the gut microflora to more closely resemble the gut microflora of breastfed infants with a higher relative abundance of Bifidobacterium spp. compared to infants fed unsupplemented formula. This study provides evidence that further supports 2’-FL and LNnT supplementation having a bifidogenic effect and an infant gut microflora composition and metabolic profile more like that of breastfed infants.

FSANZ concludes that the addition of 2’FL and LNnT to infant formula is likely to have a bifidogenic effect in some infants and toddlers.
Anti-infective effect
The evidence assessed by FSANZ supports the likelihood of 2′-FL binding to invasive strains of Campylobacter jejuni in the intestinal lumen and inhibiting invasive C. jejuni attachment to cellular receptors, thereby having an anti-infective health effect. The mechanism of action by which this occurs was established in an in vitro study demonstrating that α1,2-fucosylated oligosaccharides, including 2’-FL, specifically inhibit attachment of invasive C. jejuni to the intestinal H2 antigen binding receptor. 

Through this mechanism, 2’-FL mimics the cellular binding site and prevents attachment and subsequent infection and pathogenesis. The plausibility of this anti-infective health effect occurring in infants was established by an in vivo murine model demonstrating decreased intestinal infection, invasiveness and disease severity in animals fed 5 g/L 2′-FL and challenged with invasive C. jejuni strain 81-176 at a dose of 1x108 cfu/mouse.  

Evidence from a human study showing a decreased incidence of Campylobacter associated diarrhoea in infants of mothers with a higher proportion of 2′-FL in their milk provides additional epidemiological evidence supporting the plausibility of 2’-FL having an anti-infective health effect. This study is consistent with the mechanism of action, whereby intestinal infection with invasive C. jejuni and pathogenesis is inhibited in the presence of 2’-FL.

Challenge studies in infants are not feasible, however the evidence assessed by FSANZ establishes a mechanism of action which is supported by an animal study that demonstrates the effect in vivo. FSANZ’s assessment did not establish an anti-infective dose response effect for 2′-FL and invasive C. jejuni infection in vivo, although it is possible that higher concentrations of 2′-FL could enhance the inhibitory effect observed in an in vitro inhibition assay. 

FSANZ concludes that 2’-FL is reasonably likely to have an anti-infective effect against invasive C. jejuni strains in infants and toddlers consuming formula supplemented with 2’-FL.


[bookmark: _Toc13219496]Glossary of terms
	
	

	2′-FL
	2′-O-fucosyllactose

	FSFYC
	Formulated supplementary foods for young children (or ‘toddler milk’)

	HMO
	Human milk oligosaccharide

	LNnT
	Lacto-N-neotetraose
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Infants are a vulnerable population group. Breastfeeding is the recommended way to feed an infant; however a safe and nutritious substitute for breast milk is required for infants who are not breastfed. Infant formula may provide the sole source of nutrition for formula-fed infants during the first months of life and then serve as the principal liquid source of nourishment in a progressively diversified diet for older infants. Infant formula must be safe for consumption and must also provide all the essential nutrients, in adequate amounts, to support the growth and development of formula-fed infants.

The stated purpose for adding 2′-FL alone or in combination with LNnT to infant formula products or FSFYC is to better reflect the oligosaccharide composition of human milk. These oligosaccharides are stated by the applicant to confer functional benefits to infants and young children, consistent with the oligosaccharide fraction of human milk, with three specified health effects: a bifidogenic effect, an anti-infective effect against pathogens, and a role in immune modulation, improved intestinal barrier function and alleviation of allergic responses. 

The primary risk assessment problem to be addressed is whether addition of 2′-FL, alone or in combination with LNnT, would pose a public health and safety risk to the target population when added to infant formula products or FSFYC.
[bookmark: _Toc437858748][bookmark: _Toc440462425][bookmark: _Toc440470822][bookmark: _Toc24547165]1.1	Scope of consideration
The main purpose of this Supporting Document 1 (SD) is to discuss the approach to the assessment of the evidence and summarise the findings for: 1) the bifidogenic effect; and 2) the anti-infective effect.

FSANZ has undertaken a comprehensive safety, technical and health effects assessment for this application at 1st Call for Submissions and 2nd Call for submissions. These assessments concluded there are no public health and safety concerns associated with adding the applicant’s 2′-FL and LNnT to infant formula products and FSFYC at the proposed levels, which are consistent with average levels in mature human milk. The assessment of health effects concluded that evidence to support the health effects of improved barrier function, immune modulation and alleviation of allergic responses is inconclusive.

The evidence supports the proposed compositional permission. FSANZ concluded that the requested addition of 2′-FL alone or with LNnT demonstrates two favourable health effects and has the potential to confer beneficial health outcomes in infants and young children. The available evidence indicates that an anti-infective effect against invasive C. jejuni is reasonably likely to occur through a mechanism of competitive binding inhibition, thereby preventing invasive C. jejuni attaching to the cellular receptors on intestinal epithelial cells. A bifidogenic effect (an increase in the relative abundance of bifidobacteria in the intestinal microflora) is also reasonably likely to occur through a mechanism of selective growth advantage and is supported by evidence from microflora composition studies of breastfed and formula fed infants and a clinical trial of infants supplemented with 2’-FL and LNnT. Other less direct evidence indicates these favourable health effects may be enhanced as concentrations of 2′-FL are increased. 
1.2	Approach to assessment 
The majority of the safety, technical and health effects assessment report (SD1 at 2nd CFS) was not amended following the 2nd CFS. However following consideration of the submissions, FSANZ sought advice on our assessment from an expert microbiologist, Associate Professor Andrew Holmes[footnoteRef:4]. Professor Holmes noted the approach and conclusions reached by FSANZ relating to the anti-pathogenic and bifidogenic effects and concluded that they were appropriate and reasonable. FSANZ also sought advice from a FSANZ Fellow, Professor Seppo Salminen, on the assessment approach; he supported the approach and conclusions of the assessment. On this basis the health effects assessment has been summarised in SD1 to this approval report. The whole assessment is summarised in the following sections. [4:  Associate Professor Holmes specialises in the relationship between nutrition, gut microbiome and health and is the Microbiome Project node leader in the Charles Perkins Centre, and Co-leader of the Food for Health theme of the Centre for Advanced Food Enginomics at the University of Sydney.] 


FSANZ has conducted a comprehensive assessment following the internationally recognised risk analysis framework. The assessment was based on the best available scientific evidence as legislatively required.

Assessment of nutritional safety, tolerance and efficacy also relies on a weight of evidence approach. While infant studies are required, evidence from non-human studies adds weight to the determination of a substance’s role, particularly in understanding the mode of action and biological plausibility.

For the current assessment for both safety and favourable health effects, FSANZ considered a body of evidence including in vitro studies, animal studies including those in neonatal animals, and human studies including clinical trials. While FSANZ considers that the information submitted by the applicant met the requirements set out in the Application Handbook, a literature review was also undertaken and identified additional studies. 
2	Bifidogenic effect
FSANZ’s assessment sought to determine if evidence supports the assertion that the addition of 2′-FL and LNnT to infant formula products and FSFYC could have a bifidogenic effect. For the purpose of this assessment, a bifidogenic effect is defined as a proliferation and increase in the relative abundance of Bifidobacterium spp. (bifidobacteria) in the intestinal microflora. FSANZ has previously recognised that the presence of Bifidobacterium and Lactobacillus in the intestinal microflora largely benefit the host[footnoteRef:5],[footnoteRef:6].  [5:  http://www.foodstandards.gov.au/code/proposals/Pages/proposalp306addition3639.aspx]  [6:  http://www.foodstandards.gov.au/code/applications/Pages/applicationa1055shor4991.aspx] 


It is not possible to define a universal standard for a healthy intestinal microbiota, however the composition of exclusively breastfed infants is generally the accepted reference standard for the normal, healthy development of an infant’s gut microbiota. Studies have found that the composition of the gut microflora of breastfed infants are more homogeneous and are generally dominated by bifidobacteria compared to formula-fed infants (Bezirtzoglou et al. 2011). The EFSA states that the oligosaccharides of human milk are one of the principal growth factors for bifidobacteria in the infant gut and are responsible for the composition of the gut microbiota found in breastfed infants (EFSA 2014). 

2.1	Mechanism of action

The ability of Bifidobacterium spp. to metabolise 2’-FL and LNnT is variable within and between species and is dependent on the presence of specific enzymes such as 2’-fucosyllactose. A range of Bifidobacterium species have been identified in infant and adult faecal samples. The major species identified in infant faeces include B. longum subsp. infantis, B. breve and B. bifidum. In adults, B. adolescentis is the major species found in faeces.
Specific adaptations for carbohydrate metabolism of HMOs have been suggested to explain the differences in the Bifidobacterium species present in infant and adult faeces (Bunesova et al. 2016). Species such as B. longum subsp. infantis and B. bifidum are hypothesised to have adapted to consume HMOs, while the adult associated species B. adolescentis and B. longum subsp. longum are capable of metabolising plant derived polysaccharides. Other bacterial genera, such as Bacteroides can metabolise a variety of polysaccharides from human milk and plant sources.

In vitro bacterial growth/utilisation studies on 2’-FL and LNnT have shown that bifidobacteria and a limited number of other bacteria that are typically a component of the infant microflora, such as Bacteroides spp., have the ability to metabolise 2’-FL or LNnT, whereas other bacteria such as Escherichia coli, are unable to utilise 2’-FL for growth (Asakuma et al., 2011; Bunesova et al., 2016; Garrido et al., 2015; Garrido et al., 2016; Ruiz-Moyano et al., 2013; Yu et al., 2013a; Yu et al.,2013b).

2.2	Breastfed infants where the mother’s secretion status for 2’-FL is known 

Two studies (Smith-Brown et al., 2016 and Lewis et al., 2015) investigated the effect of 2’-FL secretor status on the microflora composition of faecal samples of infants. Both studies found that the infants of 2’-FL secretor mothers had greater abundance of bifidobacteria compared to infants with non-secretor mothers. The Lewis et al. (2015) study found that B. longum subsp. infantis dominated the microflora of the secretor group of infants and that their faeces had a lower percentage of fucosylated oligosaccharides. Furthermore, Lewis et al (2015) found that bifidobacteria were established earlier in secretor-fed infants (60% of infants versus 37.5% at day 6) and more often (80% of infants versus 50% by day 120). These data indicate that 2’-FL and other 2-linked fucolsyated oligosaccharides found in the milk of secretor mothers have a bifidogenic effect.

2.3	Breastfed infants and infants fed unsupplemented infant formula

Bezirtzoglou et al. (2011) investigated the development of the gut microflora for exclusively breastfed and unsupplemented infant-formula newborn infants. Bifidobacterium genus dominated the gut microflora of the breastfed infants (average 69%) compared with formula-fed infants (average 32%) and at lower numbers. The faecal microflora of the formula-fed infants were found to be more diverse than that of the breastfed infants.

In a similar study, Tannock et al (2013) found that bifidobacteria dominated the microflora of breastfed infants (approximately 80%) compared to goat and cow milk based formulas (approximately 50%). 

The Bezirtzoglou et al. (2011) study did not established the 2’-FL secretor status of the breastfeeding mothers, however an estimated 80% of women world-wide produce human milk that contains 2’-FL (known as 2’-FL secretors) with a mean mature human milk concentration of 2.4-3.0 g/L. Unlike 2’-FL, LNnT is present in the milk of all women with a mean mature human milk concentration of 0.28-0.31 g/L (SD1, 2nd CFS report). The evidence presented in the Bezirtzoglou et al. (2011) and Tannock et al. (2013) studies is consistent with the mechanism of action and the studies of breastfed infants with known secretor status of the mothers, further supporting the likelihood of 2’-FL having a bifidogenic effect in infants.

2.4	Breastfed infants and infants fed either supplemented (2’-FL and LNnT) or unsupplemented infant formula

A clinical study by Puccio et al. (2017) investigated the effect of feeding with 2′-FL in combination with LNnT on the intestinal microflora and stool metabolites of infants. Three groups of infants were included in the study: a group that was breastfed only, a group fed a supplemented infant formula containing 1.0-1.2 g/L of 2’-FL and 0.5-0.6 g/L of LNnT and a group fed an unsupplemented infant formula. The microbial composition and metabolite profiles of the stools were measured. Analysis of microbial diversity in the stools between the groups found that the 2’-FL and LNnT supplemented group was closer in composition to the breastfed group than the unsupplemented infant formula group. Further analysis identified differences in the abundance of Bifidobacterium, Escherichia coli and unclassified Coprobacillaceae. Analysis of the stool metabolites profile found that the composition of the supplemented formula and breastfed groups were more similar than the unsupplemented formula group.

This study provides evidence that the addition of 2′-FL and LNnT to infant formula products influences the infant gut microflora and stool metabolites to more closely resemble that of breastfed infants and with a higher relative abundance of bifidobacteria compared to infants fed unsupplemented formula.

2.5 Adult study with 2′-FL and/or LNnT 

The applicant’s 2′-FL and LNnT were evaluated in a parallel, double-blind, randomised, placebo-controlled study in 100 healthy adult volunteers. Participants were randomly assigned to consume either 2′-FL or LNnT at doses of 5, 10 or 20 g/day, a 2:1 mix of 2′-FL and LNnT at 5, 10 or 20 g mixture/day, or glucose (2 g/day) as a placebo control. The duration of the intervention was 14 days. All interventions were provided as a daily bolus dose dissolved in water, which participants were instructed to consume at breakfast. Clinical checks were made on the study participants at entry to the study and again at the end of the intervention. Blood samples for clinical chemistry and haematology analyses, as well as faecal samples for biomarker and microbiota composition analyses, were collected at baseline and at the end of the intervention period. Stool pH was not measured.

The composition of the gut microflora was determined using 16S RNA sequencing analysis. The primary impact of HMO supplementation on the microflora was an increase in the relative abundance of Actinobacter and Bifidobacterium and reduction in the relative abundance of Firmicutes and Proteobacteria. In total, 77% of all study participants responded to the HMO interventions. A dose response was observed whereby intervention groups given higher HMO concentrations had a greater abundance of Actinobacter and Bifidobacterium. No statistically significant differences were observed in the concentrations of the short chain fatty acids (SCFA) acetate, butyrate or propionate despite the shifts in the gut microflora.

This study provides evidence that the effect is not restricted to infant populations and that the effect is likely to be dose dependent, whereby higher doses will lead to a greater effect of increasing relative abundance of bifidobacteria in the gut microflora.

A the evidence underpinning the likelihood of 2’-FL and LNnT having a bifidogenic effect are summarised in Appendix 1. 




3	Anti-infective effect

The evidence for an anti-infective health effect for 2′-FL and LNnT and toxins and pathogens other than invasive C. jejuni was inconclusive and primarily limited to in vitro inhibition studies, with no demonstrated mechanism of action identified. The anti-effective effect detailed in this report addresses the anti-infective effect of 2’-FL and invasive strains of C. jejuni only.

3.1	Mechanism of action

In cases where individuals develop clinical enteritis after exposure to C. jejuni, the bacteria preferentially adhere to the mucus layer of the small intestine. Some strains may attach directly to intestinal epithelial cells, which may lead to bacterial invasion, translocation and bacteraemia (Cooling, 2015). C. jejuni can bind to the mucosa and epithelial cells via fucose (Cooling, 2015) and a study by Ruiz-Palacios et al (2003) provides strong evidence that the α1,2-fucose-containing type 2 chain H-antigen (H2 antigen) expressed on intestinal epithelial cells is the cellular receptor for invasive C. jejuni and is essential for infection.

Ruiz-Palacios et al (2003) used Chinese hamster ovary (CHO) cells transfected with genes for α1,2-fucosyltransferase (CHO-FUT1), α1,3/4-fucoslytransferase (CHO-FUT3), and α1,3-fucosyltransferase (CHO-FUT4) to test C. jejuni binding. The authors tested binding of four pathogenic adherent C. jejuni strains isolated from children and two non-adherent and non-pathogenic strains isolated from healthy children. Cells transfected with the FUT1 gene and expressing α1,2-fucose-containing H2 antigen on the cell surface bound the four pathogenic strains but not the non-pathogenic strains. None of the C. jejuni strains tested bound to the cells transfected with the FUT3 and FUT4 genes. In other experiments, the authors established the specificity of pathogenic C. jejuni for the H2 antigen through binding inhibition assays and demonstrated that the neutral oligosaccharide fraction of human breast milk, containing α1,2-fucosylated oligosaccharides (from secretors), and purified 2’-FL both inhibit binding of pathogenic C. jejuni to cells expressing the H2 antigen.

This study provides strong evidence that 2’-FL mimics the cellular binding receptor for invasive C. jejuni and that 2’-FL inhibits attachment to cells in vitro.  

3.2 	In vivo studies of anti-infective effect of 2’-FL against invasive C. jejuni
[bookmark: _CTVP0010185668a763945238d237aa906d702e5]Murine challenge study with 2′-FL (Glycosyn) and C. jejuni (Yu et al. 2016)
The experimental murine model for C. jejuni strain 81-176 infection was optimised at 7 days of antibiotic treatment followed by 3 daily inoculation of 108 cfu/mouse in 100 µL saline gavage. Four week-old C57BL/6 male mice were separated into five treatment arms and received 7 days of an antibiotic treatment to disrupt the microflora and enhance the infection model. Group 1 received no treatment and were uninfected negative controls; Group 2 were uninfected mice administered 5 g/L of 2′-FL in their water for 3 days; Group 3 mice were infected with C. jejuni with no further intervention (positive controls); Group 4 mice were infected with an inoculum of C. jejuni that also contained 2′-FL; and Group 5 mice were administered 5 g/L of 2′-FL in their drinking water for 3 days before and concurrent with the inoculum containing both C. jejuni and 2′-FL. A disease activity index (DAI) schema was applied to infected and control mice which was a composite of weight loss, bleeding, and diarrhoea symptoms. C. jejuni was also quantified in faeces and tissues by real-time PCR.

The addition of 5 g/L of 2′-FL concurrently with C. jejuni challenge (Group 4), was protective against C. jejuni infection and faecal shedding and infection of the intestine, spleen and mesenteric lymph nodes were reduced by 90%, 80%, 96% and 93%, respectively, and DAI was reduced by 57% compared to infected positive controls. The addition of 5 g/L to drinking water for 3 days before and concurrent with C. jejuni challenge (Group 5), was protective against C. jejuni infection and infection of the intestine, spleen and mesenteric lymph nodes were reduced by 99%, 97%, 97% and 98%, respectively, and DAI was reduced by 77% compared to infected positive controls.

These results show that 2′-FL added to the diet of mice, is protective against invasive C. jejuni infection in vivo.

3.3. Anti-infective effect of human milk and C. jejuni

[bookmark: _CTVP001a3fb1c980edc4b69a26350761a19ce58][bookmark: _CTVP001a5c3594e64f9488dbce01d6be2d81557]With regard to the anti-infective effects of 2′-FL in human milk, Morrow et al. (2004) investigated the protective effects of milk oligosaccharides against diarrhoeal illness in breastfed infants in San Pedro Martir, Mexico City. Ninety three breast-feeding mother-infant pairs were prospectively studied from birth to 2 years from 1988 to 1991 to determine if one or more major 2-linked fucosylated oligosaccharides of human milk are inversely associated with the incidence of diarrhoea caused by Campylobacter and calicivirus (norovirus). A single milk sample was analysed by high performance liquid chromatography for each mother; samples were collected between 1 and 5 weeks postpartum. The representativeness of this sample for the course of lactation was analysed using longitudinal data from 11 Mexican secretor mothers. Infant stool samples were collected weekly with additional samples obtained whenever diarrhoea occurred. Diarrhoea samples were routinely tested for C. jejuni, pathogenic Escherichia coli, Shigella, Salmonella, Aeromonas, and rotavirus. The incidence of Campylobacter diarrhoea in infants whose mother’s milk contains low levels of 2′-FL (<29% of total HMO) was approximately 8.7 cases per 100 child months, verses an incidence of approximately 1.5 and 1.6 cases per 100 child months for mothers with intermediate (29-36% of total HMO) and high levels of 2′-FL (≥37% of total HMO), respectively (P=0.0004). Protective effects associated with the level of 2′-FL in human milk were not reported for other pathogens or moderate-to-severe diarrhoea of any cause. High levels of lacto-N-difucohexaose (>12% of total HMO) in mothers human milk was associated with a decreased incidence of calicivirus-related diarrhoea in infants compared to low levels (<7% of total HMO). High (>77% of total HMO) and intermediate (72-77% of total HMO) levels of all 2-linked fucosyl oligosaccharides were associated with a decreased incidence of moderate-to-severe diarrhoea of any cause, compared to low levels in mother’s milk (<72% of total HMO). The concentration of 2′-FL and the total concentration of HMO in human milk was not reported by Morrow et al. (2004) and so it is not possible to infer a protective concentration of 2′-FL in milk. However the evidence from the Morrow et al (2004) study is consistent with the mechanism of action and the animal study described above, and provides additional epidemiological evidence supporting the likelihood of 2’-FL having an anti-infective effect against invasive C. jejuni in infants.

4 Summary
[bookmark: _Toc515634608][bookmark: _Toc517451226][bookmark: _Toc518397360][bookmark: _Toc518400886][bookmark: _Toc518475323][bookmark: _Toc518478920][bookmark: _Toc518995965][bookmark: _Toc519260383][bookmark: _Toc519260709][bookmark: _Toc519607990]FSANZ undertook assessments to determine if the proposed bifidogenic and anti-infective health effects associated with adding 2′-FL and/or LNnT to infant formula products and FSFYC are supported by evidence. FSANZ concludes that the addition of 2’FL and LNnT to infant formula is likely to have a bifidogenic effect in some infants and toddlers through a mechanism of selective growth advantage. The available evidence also demonstrates that an anti-infective effect against invasive C. jejuni is likely to occur through a mechanism of competitive binding inhibition, thereby preventing invasive C. jejuni attaching to the cellular receptors on intestinal epithelial cells.
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Appendix 1: Summary of the evidence base for bifidogenic effect 
	Type of studies 
	Key studies
	Main findings 
	Why this is important 

	In vitro bacterial growth/utilisation studies on 2’-FL and LNnT


	Asakuma et al. (2011)
Bunesova et al. (2016)
Garrido et al. (2015)
Garrido et al. (2016)
Ruiz-Moyano et al. (2013)
Yu et al. (2013a)
Yu et al. (2013b)
	These studies show that bifidobacteria and a limited number of other bacteria that are typically a component of the infant microflora, such as Bacteroides spp., have the ability to metabolise 2’-FL or LNnT, whereas other bacteria such as E. coli, are unable to utilise 2’-FL for growth. 

	These studies demonstrate the metabolic mechanism that underpins the bifidogenic effect associated with 2’-FL and LNnT and that bifidobacteria have a selective growth advantage when 2’-FL and LNnT are present.  

	Microflora composition in infants

	Bezirtzoglou et al. (2011)
Tannock et al. (2013)
Lewis et al. (2015)
Smith-Brown et al. (2016)
	These studies show that fucosylated oligosaccharides present in human milk, including 2’-FL, have a bifidogenic effect and that formula-fed infants not only have a lower relative abundance of  bifidobacteria but also a faecal microflora that is more diverse.
	These studies corroborate the in vitro studies in demonstrating the growth advantage afforded to bifidobacteria when fucosylated oligosaccharides, including 2’-FL, are present in the infant diet. Thereby supporting the biological plausibility of 2’-FL having a bifidogenic effect.

	Clinical studies in infants
	Puccio et al (2017)
Alliet et al. (2016)
Steenhout et al. (2016)
	This study provides evidence that the addition of 2′-FL and LNnT to infant formula products influences the infant gut microflora to more closely resemble that of breastfed infants and with a higher relative abundance of bifidobacteria compared to infants fed unsupplemented formula.

	This study provides evidence further supporting the biological plausibility of 2’-FL and LNnT supplementation having a bifidogenic effect and an infant gut microflora composition and metabolic profile that more closely resembles breastfed infants.

	Study in adults
	Elison et al. (2016)
	Supplementation of an adult study population with either 2’-FL or LNnT or a combination of both HMOs resulted in an increased relative abundance of Bifidobacterium an Actinobcter in a dose dependant manner.
	This study provides further evidence supporting the biological plausibility of 2’-FL and LNnT supplementation having a bifidogenic effect and that the effect is not restricted to infant populations and potentially dose dependant.   



image1.png
g -OODLL .

Te Mana Kounga Kai - Ahitereiria me Aotearoa




