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Milk fat globule membrane (MFGM) is an important component of milk lipids that showed several biological properties
(such as anticarcinogenic, antimicrobial, anti-inflammatory, and anticholesterolemic activities). In this review we analyse
the latest results obtained from comparative proteomic studies regarding the variations and the similarities of MFGM
proteome across species and lactation stages. Infant formula supplementation with MFGM represents an interesting
opportunity to implement the bioactive properties exerted by MFGM, in order to narrow the gap between human breast
milk and infant formula.
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| 1. Introduction

Bovine milk is an oil-in-water emulsion and is rich in nutrients and bioactive factors . Milk fat occurs as milk fat globules
(MFGs), composed of a nonpolar triglyceride (TG) core and covered in a layer of surface-active material, called milk fat
globule membrane (MFGM) [EBIAIE |t s made up of many different compounds: polar lipids such as phospholipids,
sphingolipids and glycolipids, and also cholesterol, proteins, and surface glycoproteins €. This membrane acts as a
natural emulsifier and encases the nonpolar triglyceride core of MFGs 8. There are several health-promoting e ects of
the MFGM (mainly from bovine but also from other species), such as anticarcinogenic, antimicrobial, anti-inflammatory,
and anticholesterolemic activities B9, The aim of this review is to provide a general overview about the formation of
bovine MFGs and MFGM and to highlight the main similarities and di erences across the MFGM proteomes of the most-
studied species (human, cow, goat, buffalo, etc.) through the analysis of comparative proteomic studies. Moreover, the
potential supplementation of MFGM fractions in infant formula (IF) is investigated in order to underline the beneficial e
ects exerted by MFGM bioactive components in infant feeding.
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| 2. Lipids in MFG and MFGM

MFG core is predominantly composed of non-polar lipids, named TGs, accounting for 98% of total milk fat. Saturated fatty
acids (FAs) in bovine milk fat account for 70% of the total milk FAs; MCFA (6:0-12:0) represent about 10% of total milk
FAs, whereas SCFA (4:0) account for less than 3%. Mono-unsaturated FAs account for 25% of the total milk FAs, whereas
Poly-unsaturated fatty acids (PUFASs) constitute 2.5% of the total milk FAs 19, Bovine MFGMis composed mainly of polar
lipids that account for 0.2—1% of the total milk fat.



| 3. MFGM proteins

MFGM proteins account for 25-60% of the mass of the MFGM. The main MFGM proteins are adipophilin (ADPH),
butyrophilin (BTN), mucin 1 (MUC1), xanthine dehydrogenase/oxidase (XDH/XQO), CD36, periodic acid Schiff 11l (PAS llI),
PAS 6/7, lactadherin, and fatty acid-binding protein (FABP) [&1112],
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In the following table, the major components of bovine MFGM and their main functions are listed.

Components Abbreviation Functions

Polar Lipids

Structural maintenance of MFGM;
Phosphatidylcholine PC cholesterol regulation and lipoproteins
metabolism

Phosphatidylethanolamine PE Structural membrane regulation
Phosphatidylinositol I Cell 5|811a]1ng; PI3K-Akt pathway
. regulation
Phosphatidylserine PS Apoptosis regulation

Myelinization; metabolized to ceramide and
Sphingomyelin SM sphingosine (second messengers that
regulate cell growth and cell cycle)

Structural maintenance of MFGM (lipid

Cholesterol rafts complexes with SM)
Proteins
Adipophilin ADPH Lipolysis regulation
Butyrophilin BTN MFG synthesis regulation
Mucin 1 MUC 1 Decoy receptor for pathogens; inhibition of

in vitro rotavirus infectivity

Structural maintenance of MFGM;
Xanthine dehydrogenase/oxidase XDH/XO antimicrobial activity (ROS/RNS
production)

Fatty acid-binding protein FABP Fatty acid transport; MFG lipid synthesis

Breast related cancer antigens 1/2 BRCA 1/2 Onco-suppressor activity

Precursor of phosphoelipids and SM; hepatic

Choline lipid metabolism

Gangliosides - Cognitive development

| 4. Comparative proteomics of MFGM proteome

Although most of the beneficial effects of MFGM are associated with its polar lipid fraction [, studies on MFGM proteome
are increasing since MFGM proteins show bioactive properties and new technologies have enabled more detailed
analyses of the MFGM proteome. Comparative proteomic analyses have been performed to understand how proteomes
vary between different species and between different stages of lactation 2. To summarize, the principal MFGM proteins
have been identified in all species. However, the main molecular functions exerted by MFGM proteomes vary according to
species and lactation stage due to the variations in protein expression. For example, the human MFGM proteome (in
particular that contained in colostrum) has more immune response-related proteins than the MFGM proteome from other
species. There are similarities between human and cow MFGM proteome and molecular functions, suggesting that bovine
milk, and more specifically bovine MFGM proteins, could be used as a supplement in infant formulas (IFs) L4151,

| 5. MFGM: Potentials in Infant Formula Preparation

Breast milk is considered the gold standard for infant nutrition and is required for optimal infant growth, brain and Gl tract
development, as well as establishing the immune system. Some of the bioactive factors of breast milk are present in the
MFGM. In order to develop products that reflect the complexity of human milk, efforts have been made to imitate the



nutritional profile and composition of human breast milk. IF has been designed in order to be a suitable alternative to
human breast milk L4ILSIL6IL7] Bovine milk is currently the basis for most IFs. In addition to nutrients, human breast milk
also contains several bioactive compounds (Igs, enzymes, hormones) and live cells (e.g., leucocytes) that cannot be
easily added to IFs L8 Al these elements prevent IFs from having the same composition as human breast milk,
although the research in this field has advanced considerably. In fact, several studies 12L4I11[20[21] haye suggested that
supplementing IFs with MFGM could provide beneficial e ects because of the presence of bioactive compounds such as
proteins and polar lipids in the MFGM, thus narrowing the gap between human breast milk and IFs. Many of these results
were obtained through the supplementation of IF with the polar lipid fraction of the MFGM (phospholipids and
sphingolipids), given that these compounds are the main contributors to the nutraceutical effects of the MFGM . Few
studies have investigated supplementing IF with MFGM proteins 3. Timby and collaborators 14! evaluated the effect of a
low-energy and low-protein formula supplemented with a protein-rich bovine MFGM fraction on healthy infants. Their
results showed that the cognitive score (assessed with Bayley-lll tests) was 4.0 points higher in the experimental formula
group than in the standard formula group (105.8 vs. 101.8; p < 0.05), but was similar to the breastfed group (105.8 vs.
106.4; p > 0.05). This suggested that the experimental formula could decrease the gap in cognitive performance between
breastfed and formula-fed infants [14],

| 6. Conclusions

Milk has important nutritional features for newborns. Indeed, breast milk is a mixture of several bioactive compounds that
modulate the Gl tract and contribute to building the immune system of breast-fed infants. The growing interest in MFGM
led researchers to study the MFGM proteins from a wider approach through proteomics. There are variations in terms of
protein expression level and molecular function across species, even though the major MFGM proteins are observed
among all the species considered. The properties of the MFGM proteome of each species could be exploited to design
products supplemented with MFGM fractions that meet specific needs, for example, the enhancement of the immune
system, the regulation of cholesterol metabolism, or the supply of beneficial polar lipids to support cognitive function. The
promising results obtained with the supplementation of IF with MFGM proteins 24221 and polar lipids 21 underline once
again the importance of MFGM in IF preparation—since cow milk-based IF is formulated to better resemble human breast
milk, the MFGM supplementation could increase the presence of bioactive compounds in IF (usually at low levels in
standard formula). Future work is likely to be addressed towards a deeper comprehension of MFGM proteome and its
variations across species and lactation stages. The overall aim is to further increase the knowledge of MFGM properties
and to assess the potential of the supplementation of IFs with MFGM proteins.
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