Understanding the milk fat globule membrane
and its potential health benefits in adults.
By Aaron Fanning.

NUTRITION

MFGM: the next
evolution in
lifestyle nutrition

Introduction
Consumers are becoming more focused,
purposive and targeted in their approach
to health as their needs and lifestyles
evolve. They are especially concerned
about their mental and physical
wellbeing, and are interested in food and
nutrition options to help maintain these
into older age. Most people understand
that eating better will help prevent some
of the issues related with ageing, and
recommendations highlight starting
these earlier in life may have a better
likelihood of prevention (Robinson, 2018).

It is no surprise that globally fat is a hot
topic of discussion in nutrition. High fat
diets are currently very popular, while
nutrition guidelines typically call for a
reduction in fat intake to help combat
obesity and some diseases.
However, fat is an essential component
of the diet, it provides the essential
fatty acids, long-chain polyunsaturated
fatty acids, carries the essential fatsoluble vitamins, and provides energy. In
addition, it also enhances the flavour and
palatability of foods.
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UNRAVELLING THE COMPLEXITY
OF LIPIDS

up 95% of dietary lipids. The remaining 5% of fats
in the diet are predominantly the phospholipids,
glycerophospholipids and sphingolipids. While these can
vary in the type of fatty acids found in their structure,
they vary on the structure of the backbone these fatty
acids bind to. The molecules can be broken into three
categories, with some overlap in the overarching naming
structure (figure 1).

Fatty acids are not found in a free state in nature,
commonly they exist in the form of triacylglyceride (a
glycerol with three fatty acids bound to it); making
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• Finally, glycosphingolipid, contains a sugar group, or
a range of sugar groups including sialic acid residues.
These components are a range of ganglioside
molecules.

A - Glycerophospholipids
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• Sphingophospholipids share similar structures, with
sphingomyelin sharing a base group, phosphocholine,
but instead of a glycerol group, it contains a
sphingosine group, which creates a unique chemical
structure.

FATTY ACID

For example, oleic acid, the dominant fatty acid found
in olive oil, is C18:1, in that the aliphatic chain contains
18 carbons, with one double bond, as such it is known
as a mono-unsaturated fatty acid. Another fatty acid,
Stearic C18:0, shares the same number of carbons, but
has no double bonds, showing the carbons are saturated
with hydrogen atoms, so it is known as a saturated fatty
acid. Finally, linolenic acid C18:2 shares the same length
of carbons, but has two double bonds. This is known as
a poly-unsaturated fatty acid. There are many lengths,
and degrees of unsaturation of fatty acids found in the
diet, from the simple Butyric acid (C4:0), a saturated
fatty acid found in butter, to Docosahexaenoic acid
(C22:6) one of the fatty acids commonly found in fish oil.

• Glycerophospholipids, the dominant phospholipids
found in the diet, are diglycerides, where two fatty
acids are bound to a glycerol, like the triacylglyceride,
however the third point has a phosphate group, with
a base group bound, either choline, inositol, serine
or ethanolamine, to form the four phospholipids,
phosphatidylcholine (PC), phosphatidylinositol (PI),
phosphatidylserine (PS) or phosphatidylethanolamine
(PE).

SPHINGOSINE

Fats are a collective term for a range of molecules that
contain fatty acids. Fatty acids are a reasonably simple
structure molecule, containing an aliphatic carbon chain
with a carboxylic acid (-COOH) group at one end and
are typically described by the chain length, as number
of carbons long, as well as the number of double bonds
found in the chain.

Phosphatidylethanolamine
(PE)

Figure 1: Structure of milk lipids: (A) glycerophospholipids, (B) sphingomyelin and (C) ganglioside.
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IMPORTANCE OF COMPLEX LIPIDS IN THE
HUMAN BODY
Phospholipids are an essential component of all cell
membranes within the body, and especially the brain,
where lipid makes up the majority of the dry weight
(O’Brien & Sampson, 1965), largely phospholipids,

cholesterol and gangliosides (figure 2).
Phospholipids are found in a range of plant and animal
food sources and are especially rich in mammalian milk.
Sphingomyelin and gangliosides are only found in animal
products. Bovine milk products provide an excellent
natural source of the range of phospholipids (figure 3).
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Figure 2: Dry weight composition of human brain.
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Figure 3: Phospholipids composition of brain tissue, human and bovine
milk, and egg and soy lecithin’s (Gallier et al., 2018a).
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WHAT IS MILK FAT GLOBULE MEMBRANE?
Milk Fat Globule Membrane (MFGM) is found in every
drop of mammals’ milk, making up about 1% of the
total fat content. The fat portion of breast milk,
and other mammalian milk such as cow’s milk, has
a very unique structure. It consists of small globules,
stabilised by a thin membrane 5-10nm thick, which
is comprised of a complex structure of protein,
phospholipids, sphingomyelin, gangliosides, amongst
other components, called the milk fat globule membrane
(figure 4). Until recently, MFGM containing products
were not available on the market, however, applying
modern processing technologies routinely used in the
production of dairy ingredients, it allows us to produce
products with a much higher concentration of MFGM
components than found in standard milk, enabling the
fortification of foods with MFGM.

SOURCES OF MILK FAT GLOBULE
MEMBRANE
Traditionally, MFGM was isolated from buttermilk. But
it is possible to obtain higher concentration MFGM
products at commercial scale. The components can be
enriched into dairy ingredients during the manufacture
of anhydrous milk fat (AMF), to give MFGM-rich betaserum with 7-8% phospholipids.

Proteins
Sphingomyelin
Cholesterol
Triacylglycerol

Glycerophospholipid
(PS, PE, PI, PC)
Glycolipids
(gangliosides, cerebrosides)

Figure 4: The complex structure and composition of milk fat globule
showing the bulk triacylglycerol surrounded by the membrane.

Another route is to harvest the MFGM components
during cheese manufacturing to provide a higherlipid content whey protein concentrate, which has
an enhanced MFGM content and around 5-7%
phospholipids. This product also contains high levels
of high quality whey protein, enabling the combined
benefits of MFGM and its components to the known
benefits of whey protein.

Milk

Concentrated Cream

Cream

Cheese Process

AMF Process

Buttermaking

Whey

AMF

Beta Serum

Butter

Butter milk

WPI

Cheese

High Fat Whey

PR

30

PR

30

PR

70

Fat

20

Fat

8

Fat

17

PL

7-8

PL

1-2

PL

5-7

Figure 5: MFGM Lipid ingredient manufacture (Gallier et al 2018).

5

HEALTH BENEFITS OF MILK FAT GLOBULE
MEMBRANE
The potential benefits of MFGM may result from either
consumption of a product providing the individual lipids,
such as sphingomyelin, and this component having
a functional effect. Alternatively, it may result from
consumption of a MFGM source, providing the raft of
phospholipids, glycerophospholipid or sphingolipids in
a ratio that are found in mammals. There is emerging
evidence that dietary intake of products containing
MFGM have shown effects across a range of benefit
areas of interest to active lifestyle consumers. These
include benefits for physical activity, cognition, and
mood. Also, anti-inflammatory and protective
properties.

Physical activity
One of the most interesting lines of research for MFGM
has been evidence that it can potentially impact
measures of mobility and physical performance. The
consumption of MFGM, together with exercise, has been
shown to promote a greater level of muscle activation
leading to strength gains (Soga et al., 2015); and in older
individuals, protective effects on balance, supporting
muscle activation and greater strength and muscle size
(Minegishi et al., 2016; Kokai et al., 2018). Some of these
effects are thought to be modulated by sphingomyelin
(Haramizu et al., 2014a), however, other research has
shown phosphatidylserine to have beneficial effects on
performance (Kingsley, 2006; Jäger et al., 2007b; Jäger
et al., 2007a) as well as showing a benefit on oxidative
stress (Kingsley et al., 2005).
Supporting these findings, animal work has shown that
increased levels of MFGM sourced phospholipids has
shown impacts on the neuromuscular development
(Markworth et al., 2017), promoting the development
of a more adult phenotype for muscle fibres. In
other animal trials, MFGM has shown benefits for
endurance exercise (Haramizu et al., 2014b), and shown
protective effects for muscle size, strength and function
(Haramizu et al., 2014a; Yano et al., 2017) that may be
modulated through suppression of the ageing impact on
neuromuscular junctions (Yano et al., 2017).

Cognition
Several trials have shown significant benefits of MFGM
on cognitive outcomes. These benefits are broadly
defined in infants (Hernell et al., 2016), where dairy
ingredients that contain MFGM can be added to infant
formulas to more closely match human breastmilk.
Both animal and human trials have shown benefits
for the improvement in cognitive development in the
infant (Oshida et al., 2003; Vickers et al., 2009; Gurnida
et al., 2012; Liu et al., 2014; Timby et al., 2014; Guan et

al., 2015b; Mudd et al., 2016; Gallier et al., 2018b; Li et
al., 2018; Mika et al., 2018). Consumption of MFGM
in formulae has been shown to impact brain lipid
composition in animals, along with reflex development
(Moukarzel et al., 2018). In older children (2-6 years old),
higher doses of products containing MFGM have shown
improvements in behaviour regulation (VeeremanWauters et al., 2012). Little direct data exists for
older children or adults. However, early animal trials
indicate that MFGM compounds have positive memory
benefits in older rats (Guan et al., 2015a). Finally, a
product containing buttermilk, a source of MFGM, in
combination with polyunsaturated fats from krill oil
showed positive effects on neuronal health and potential
delays in cognitive decline in rats (Tomé-Carneiro et al.,
2018). Other benefits of MFGM and its components
appear to be related to mood.

Mood
Stress and anxiety are becoming an increasing
consumer concern, with consumers looking for products
that can help support their mental wellbeing, and
their interventions to improve this. MFGM and its
components have shown a number of benefits that
indicate that products fortified with MFGM may help
support mood and mental wellness. Consumption of
MFGM, providing high levels of phosphatidylserine
has been shown a beneficial moderation of the stress
response, with consumption indicating a more relaxed
response to stress (Boyle et al., 2019), and also impacts
on the stress response, with improved responses to
stressors, potentially mediated through a modulation
of cortisol availability (Schubert et al., 2011), with some
calling these effects ‘stress-buffering’ (Contarini &
Povolo, 2013). Supporting these findings with MFGM
or phosphatidylserine consumption has also shown
improved endocrine responses to stress (Baumeister
et al., 2008; Hellhammer et al., 2010). Earlier animal
research indicates a reduction in measures of anxiety
(Mika et al., 2018).
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Anti-Inflammatory

Protection

A range of emerging evidence exists about the antiinflammatory properties of MFGM or its components
(Dalbeth et al., 2010; Snow et al., 2011; Dalbeth et al.,
2012; Zanabria et al., 2014; Demmer et al., 2016). This
potential benefit is of interest as inflammation underlies
many adverse health outcomes (Libby, 2007; Franceschi
& Campisi, 2014), and inflammation may be impacted
by dairy nutrition (Bordoni et al., 2017). Some evidence
exists of anti-inflammatory effects in humans (Demmer
et al., 2016), and animals (Bhinder et al., 2017; Huang
et al., 2019), and also for ganglioside rich fragments
in animal or cell based work, with ganglioside rich
fragments preventing the release of pro-inflammatory
signals (Park et al., 2007), and indications of protective
effects in gout inflammatory models (Dalbeth et al.,
2010). Both in vitro and in vivo work indicate that both
the phospholipid rich and ganglioside rich components
impact on a range of anti-inflammatory pathways
(Palmano et al., 2019).

MFGM components have shown a range of antiinfective properties, indicating they may be protective
against common gastrointestinal infections. While
more common in children, where much of the evidence is
found (Hernell et al., 2016), rotavirus infection may be a
significant contributor to travellers’ diarrhoea (Anderson
& Weber, 2004). MFGM and its components have
shown protection against rotavirus infections in children
(Zavaleta et al., 2011; Veereman-Wauters et al., 2012;
Poppitt et al., 2014), as well as reduced incidence of
diarrhoea. There appears to be protective effects from
other infection as well (Veereman-Wauters et al., 2012;
Timby et al., 2015).
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Summary
The role of fat in the diet is continually
being expanded. Phospholipids are
an exciting new area of interest for
consumers globally, and milk fat
globule membrane products provide a
natural high-quality way of providing
concentrated sources of a balance of
these phospholipids. There is emerging
evidence of MFGM and its components
showing beneficial effects in a range of
areas of interest to consumers, including
physical activity, cognition, and mood.
Other potential benefits may include both
MFGM’s anti-inflammatory properties,
and its potential protection against
infection. Future research will continue to
identify areas of interest, and benefits of
these compounds.
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grow your business. Talk to us today about your dairy ingredient needs.
To find out more or to purchase our ingredients please visit nzmp.com
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