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Optimal brain development relies on 
both good nutrition and a caring and 
stimulating environment (Georgieff 2007; 
Delplanque et al. 2015). 

Introduction
Breastfeeding supports optimal cognitive outcomes 
which may be due to both the bonding experience and by 
providing the ideal nutrition in the first few months of life. 

The composition of breastmilk is the gold standard 
reference for the development and improvement of 
infant formula products, for those who cannot or choose 
not to breastfeed. A recent area of interest for breastmilk 
composition and cognitive development is the milkfat 
globule membrane (MFGM). This paper will review the 
recent pre-clinical and clinical studies on MFGM and 
infant development.

WHAT IS THE MILK FAT  
GLOBULE MEMBRANE?

The MFGM is a trilayer of phospholipids, glycolipids, 
cholesterol and membrane proteins surrounding the 
triglyceride droplets in all mammalian milks (Figure 1). 
Traditionally MFGM was isolated by churning chilled 
cream into butter; the resulting aqueous phase,  
named buttermilk, contains broken MFGM fragments. 

It is now possible to obtain at commercial scale 
ingredients more concentrated in MFGM. The 
components can be enriched into dairy ingredients 
through the manufacture of anhydrous milk fat (AMF) 
from concentrated cream to give MFGM-rich beta  
serum with 7-8% of phospholipids.

Another route is to harvest the MFGM components  
after cheese manufacture to give a higher fat-containing 
whey protein concentrate with enhanced MFGM content 
with 5-7% of phospholipids. The MFGM-rich beta-serum 
can replace some of the skim or whole milk powder in 
the formulation of infant formula, while the high fat 
whey protein concentrate can replace some of the other 
sources of whey proteins (Figure 2). These ingredients 
and derived fractions have been studied in pre-clinical 
and clinical trials for their ability to impact brain 
development, gut maturation, immunity and digestion.

Figure 1: Transmission electron microscopy of the 
human MFGM. Adapted from Gallier et al (2015).
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The evidence on MFGM and brain 
development – pre-clinical models

Research in neonatal models has shown improvements 
in learning and memory with increasing dose of MFGM 
components (Vickers et al 2009) and with different 
preparations of MFGM from beta serum (Guan et al 
2015) or cheese whey (Mudd et al 2016). 

Park et al (2005a and b) showed that a ganglioside-
enriched diet increased ganglioside levels in the 
intestinal mucosa, plasma, brain and retina, and altered 
phospholipid metabolism in rats. This indicates that 
dietary gangliosides could play a role in gut, brain and  
retinal development in infancy. 

Further studies have investigated the underlying 
mechanisms of action of MFGM components with 
findings of increased neuronal migration, neurite  
growth and branching in vitro, increased synaptic  
density in the hippocampus (Guillermo et al 2015),  
and upregulation of genes involved in brain functions 
in vivo (Brink and Lonnerdal 2018). 

Infant formula enriched in milk phospholipids and fed to 
mice postnatally improved performance in short-term  
memory tasks, and in particular novelty exploration,  
in adolescence and adulthood (Schipper et al 2016). 

In another study in rat pups, MFGM supplementation 
with or without prebiotics in infant formula reduced 
visceral sensitivity and improved cognitive performance 
(Waworuntu et al 2017). In addition, the MFGM + 
prebiotics supplementation regulated the response  
to early life stress. 

A recent study (Moukarzel et al 2018) showed that 
dietary postnatal supplementation with a cheese whey 
MFGM ingredient improved reflex development and 
altered brain phospholipid and metabolite composition  
in rat pups.

Figure 2: MFGM Lipid ingredient manufacture (Gallier et al 2018).
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The evidence on MFGM and brain 
development – infant studies

A number of studies have now been published that show 
the potential benefits of MFGM containing ingredients 
for infant cognitive development (Table 1). Studies 
have included both types of MFGM ingredients –beta 
serum- and cheese whey-derived. Studies with MFGM 
preparations from beta serum (Figure 2) or from 
whey have demonstrated that the ingredients are well 
tolerated and support normal growth and development 
(Billeaud et al 2015, Gurnida et al 2012, Xia et al 2018;  
Wu et al, 2018). 

Beta-serum derived MFGM ingredients have been  
shown to support cognitive development in infants  
and young children. A concentrated form of the MFGM 
lipids, G600, improved indices of hand eye coordination, 
performance and overall development at 6 months 
measured using the Griffiths scale (Figure 3; Gurnida 
et al 2012). Higher cognitive scores at 6 months (Figure 
4a) and higher general adaptive behaviour scores at 12 
months (Figure 4b) measured using the Bayley Scales of 
Infant and Toddler Development – 3rd Edition (Bayley 
III) were observed in infants fed an infant formula with
beta-serum derived MFGM from birth to 12 months of
age compared with infants fed a standard formula (Xia
et al 2018). Other studies using the whey-derived MFGM
ingredient, in combination with reduced protein content
in infant formula or with lactoferrin, have also reported
improvements in cognitive, language and/or motor
scores measured using the Bayley III (Timby et al 2014,
Li et al 2018). While most studies have focused on MFGM
supplementation during the first year of life, one study
showed that MFGM supplementation in school children
reduced the number of febrile episodes and improved
behavioural regulation, using the Achenbach System
of Empirically Based Assessment (Veereman-Wauters
et al 2012).

The different preparations of the MFGM ingredients 
used in the studies to date vary in composition but 
are generally similar in complex lipid profile. Whether 
specific components are responsible for the observed 
effects or the benefits are due to the overall mix is yet 
to be determined. Studies using more concentrated 
sources of MFGM components contributes some insights. 
Fortification of milk with cow’s milk sphingomyelin 
improved neurodevelopment of preterm infants at 18 
months of age measured using the Behaviour Rating 
Scale of the BSID-II, the Fagan test, the latency of visual 
evoked potential, and sustained attention test (Tanaka 
et al 2013). Cow’s milk gangliosides may also play a 
role with support from a clinical study of children with 
GM3 synthase deficiency due to a genetic mutation. 
Slight improvements in growth and parents report of 
engagement were noted when these children received  
an oral supplement enriched in MFGM GA (Wang, et  
al 2018).
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Figure 3: MFGM Ganglioside enriched infant 
formula vs standard infant formula supports 
improved development (Gurnida et al 2012).

Figure 4a and b. Infant clinical feeding study 
using NZMP SureStartTM MFGM Lipid 100 
fortified infant formula and a control formula 
from 1 to 12 months of age. Cognitive outcomes 
assessed at 6 months (a) and 12 months of age 
(b) using Bayley-III (Xia et al 2018).
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Study Source of MFGM Number of 
participants 
(completed)

Age at start Intervention 
period

Outcomes (scores)
(intervention vs control)

Gurnida  
et al 2012

Fonterra  
G600 – achieved  
~12ug/ml GA

~30 per group 2-8 wks
Until 6 mo of 
age

At 6 mo of age – significant 
improvement in hand eye 
coordination, performance, 
overall DQ – (Griffiths scale) 

Veereman-
Wauters  
et al 2012

InPulse –  
2.5% gave 
500mgPL/day

~90 per group 2-6 years 4 mo
Significant improvement in 
parent reported behaviour 
regulation (Achenbach)

Tanaka  
et al 2013

200mg PL/100g 
milk – 20% = SM 

12 per group
Preterm ~10 
weeks (<1500g)

8 weeks
At 18 mo of age significant 
improvement in behaviour  
(Bayley-II)

Timby  
et al 2014

Arla Lacprodan 
MFGM-10  
( ± 40mg/ 100ml) 
~5% addition rate

~70 per group ~45 days
Until 6 mo of 
age

At 12 mo of age significant 
improvement in cognitive  
(Bayley-III)

Li et al 2018 
(poster)

Arla Lacprodan 
MFGM-10  
0.74 g/100 kcal 
~4% addition rate

~145 per group 10-14 days
IF to 6 mo of 
age, FO to 12 
mo of age

At 12 mo of age significant 
improvement in motor, language  
& cognitive (Bayley-III)

Xia et 
al 2018 
(poster)

SureStartTM 
MFGM Lipid100 
~4% addition rate

~80-90 per group Up to 2 weeks
IF to 6 mo of 
age, FO to 12 
mo of age

At 12 mo of age significant 
improvement in general  
adaptive (Bayley-III)

Table 1: Summary of infant intervention studies using MFGM fortified infant 
formula and effects on neurodevelopment, cognition and behavior. 

Some studies looked at other outcomes in addition 
to cognitive development in infancy. For example, 
Timby et al (2015), as part of the same study looking 
at cognitive outcomes (Timby et al 2014), reported a 
reduction in the risk of acute otitis media and use of 
antipyretics and immunomodulatory effects on humoral 
response against pneumococcus vaccine in infants fed 
the MFGM-supplemented formula with lower calorie  
and protein levels. 

In addition, the supplementation with MFGM modulated 
the plasma and erythrocyte membrane lipidomes, 
in particular the concentrations of sphingomyelin, 
phosphatidylcholine and ceramides, and sphingomyelin, 

phosphatidylethanolamine and phosphatidylcholine, 
respectively, at the end of the supplementation period 
(6 months of age) (Grip et al 2018). 

The lipidomic changes may be reflected in the lipidomes 
of the membranes of immune cells and cells in other 
tissues. Furthermore, Rueda et al (1998) showed that 
ganglioside supplementation in infant formula resulted 
in lower relative content of Escherichia Coli and higher 
bifidobacterial counts in stools of preterm infants.  
The accumulating evidence of the role of MFGM 
components on the gut and brain development  
highlights the potential impact of the MFGM on the  
gut-brain axis early in life.
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Conclusions
The supplementation of infant formula with 
SureStart™ MFGM Lipid 100, to more closely match 
the levels of gangliosides and phospholipids in 
breastmilk, in the first 12 months of life:

• supports adequate growth and is
well tolerated.

• improves some measures of the cognitive
development in infancy using the validated
Bayley-III assessment (notably social
emotional scores, general adaptive behaviour,
attention and short-term memory, with a
trend toward cognition) when compared with
infants fed a standard formula.

• Increases serum gangliosides concentration
to be more similar to breast fed infants.

The mechanisms involved in how increased intake of MFGM 
improves cognitive outcomes is unclear. MFGM is a source 
of gangliosides and important phospholipids such as 
sphingomyelin. Gangliosides are important for the growth of 
neurons, are involved in synaptic connections, and memory 
formation, and high concentrations are measured in human 
brain and breastmilk. Phospholipids make up about 20% 
of the brain, and are involved in cell membrane structure, 
function and myelination. MFGM components also influence 
signalling between the gut and the brain. Future research 
will help to confirm the impact of MFGM supplementation 
on cognition and to elucidate the underlying mechanisms 
(Ambrozej et al., 2021).
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