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Advances in the functional properties of milk fat globule membranes
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(Beijing Key Laboratory of Bioactive Substances and Functional, Food College of Biochemical Engineering,
Beijing Union University, Beijing 100023, China)

ABSTRACT: Milk fat exists in the form of fat globules, and the milk fat globule membrane is a three-layer biological
membrane that encases the milk fat globules, with high nutritional value. With the advancement of food science research
and separation technologies, the active components within the milk fat globule membrane and their functional roles are
gradually being unveiled. The milk fat globule membrane is a complex mixture containing proteins, phospholipids,
sphingolipids, gangliosides, choline, sialic acid, and cholesterol, which are essential food constituents with important
functions, suitable for application in the production of formulated foods. This article reviewed common proteins and
lipids found in the milk fat globule membrane and their bioactivities, summarized recent progress in in vivo and clinical
research on milk fat globule membrane and its components in improving gut health, enhancing brain development,
mitigating obesity and related complications, addressing frailty in the elderly, exhibiting anti-cancer and antioxidant
properties, as well as alleviating fatigue, and discussed the potential mechanisms, aiming to provide insights and
references for the development of milk fat globule membrane ingredients and their application in formulated foods.
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SRR RUZ B, - Hh 8 R AR A IR 4L, MFGM
B VRIR R R HEAE T AR TS ) MFGM A Tt
RO i AP e A T R A AE R R A
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1 MFGM HIZHR 5

1.1 MFGM Z&H

30 P o B AR W T R L e o B Y g
FELEARTL R R B MFGM 28 11 56 1% . MFGM
EALBAEAKR 1%~4%, TEARIL1HE MFGM
HEZRBLT 500 ZROARRIE [N, RIEHFZS R IE
MFGM & B BeAREL . BN, w98 % R bR C &
wmEARHFEEEN B4 LRGeS MFGM Hi4)

WSS ERGERT 312, 554, 175 1 143 faE A E. 55—
IG5 R R VRORE £ 35 - AR I B i v LU S AN 54 MFGM.
WET 593 H 349 FaE RIS, BeAh, Y2 AR 45
YIEEFA R MFGM & H HA S A ED TG, XA
HAIE 472510141721,

1.2 MFGM J§&R

MFGM g2 i i MFGM T4 i & i 1
30%~75%, MFGM [ g J5t h 43 3 2 B A 1 B 5T 4 A,
A — e PR 52223, MFGM w35 B vk iR 2l
SR 5 Fh BEREME RGN (19.2%~37.2%) . WAk Bk 2 15 fi
(19%~42%) . BEWERE(18%~34.1%) . BT NLEE(5%~11%)
BRI 22 58 (1.9%~10.5%)1%) . MFGM % (1985 (1 T Fl
JR IR B A T v L 1

2 MFGM BIThaessE

Hii, 2R kI MFGM BHA L%, 4
FEUGE A (R | G KIG R T . Bl NE PR BAE G I R E
WA NS . P . PUAL R ST 55 . X BB TAL
(P 5 SR 1 R B IEAS 1 2538, b B e T gdofe
Iife PRBIFFE - 15 FHIESE . MEGM BAK A S BE AV FE B
1, MFGM B3t A Mg R it PRAFF 55 1035 2.
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Fig.1 Major protein and lipid components of MFGM and their biological activities™™!
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#*2 XF MFGM XEAKERIERTAR
Table 2 Clinical studies on MFGM to improve human health
R LGRS MFGM #h 75 ) EEAE 2% ik
BEEIE R T HRINAE
2L 365 d v % P MFGM-10+3L 42k 8 11 WIETE, FEEAAL, B S Fs SR [51]
JLEE(6 %) 18 M &% MFGM,LC-PUFA FfI4A4ETor) BF 42 mAICAS M R, fRUEE 5 T ohae [52]

L REN ]

AR (20~70 %) 8

453 MFGM (19.8 mg PL)

MBS . LDL-C 1 Apo B/Apo A-1 H (B [53]
R Ak 2 Ji B I [ % . LDL-C ., TC/HDL-C F 14 .

Y25 0L ONT 75 %) 44 4975 PL (3 5 5 /100 g) ApoB/ApoAl [WIH ., /5 SBEIRE . ZLEER [54]
L 5
MU R 5
BAEN(T1~75 %) 8 J& 1g MEGM #L(16% PL), 45 KB4 BEIN T RN FOT A 2 ik R LR ) [55]
HA(50~70 %) 24 J& 1 g MFGM (18.4% PL) P TS5 [56]
1 (82~84 %) 3 1 g MFGM 25 -, B3JE IR 1 h (8B4 & A MFGM #5117 [57]
Y N R EY B L (58]
& 0 g+ R LA AN 1. A
A (60~74 ) g 7 MFOM1OgrBULHIRIE 1.5 ¢ 10T B T I RE R EHA R [59]

SRR )77

1 Z A 78 (complex milk lipid, CML); {/&% B JIg 2 (1 IH [& % (low-density lipoprotein cholesterol, LDL-C); # 8% 1 B S5#5E 1 A-1 b
2 (apolipoprotein B/apolipoprotein Al ratio, ApoB/ApoAl); i JIH [ i (total cholesterol, TC); & % & g & 1 IH [ ¥ (high-density

lipoprotein-cholesterol, HDL-C).

21 BEBEER

B G EE YR R R B A A e A 5 2 ]
AR AR 5 T8 14 2% 8 RS A 5100, i R LY
AT DE IR B S N R T . — IR T R B LI
FERE I MFGM A 3@ o e 3k i 18 3 78 AN A Ak, fidadt
S TR A, AT R 66 B B s 2T e,
MFGM A] GE3# 11 4% PI3K/Akt/mTOR | 22 2L 535 AV 25 i
it R LBR B 19 e S 15 5 30 B R S R e 3k, DN 3
[ i BRI RERS . X AT S p R B, AR —
Ji MFGM T-TRHIEL T 7 SCFA 41 114 & A6 F1 SCFA 1772k,
WS T Wl BRI RE, HEE OB AR R A K RED. B
2, ZIWHFSEERM, BERENE MFGM ] e i A 7] AL
A L) BN A1)

MFGM  H {14 £ 0358 P 43 7 552 30 2 i3 s A
il &4 SN FIRE ST o 7E LPS H3 B MR AR Hi £ PR E (low birth
weight, LBW)4ELH, MFGM T T g %38 14 30% TLR2
TLR4 5 S A2 I B 58 8k KA il 48 i e i s /N B 2B
KEREPY, BEAh, 78 NEC K RUEAEIH, MFGM T 138 i i
7% TLR4/MyD88/NF-«B i {41 il 48 5 S vy, X 37 4 KR
NEC HA Y EHE, it al i, MFGM ] 38 i # il 4 i
TN ARG W T AR o

I PRSZE-WAESS T MFGM 7E V1 S 28 A4 08 7 1 £
BT T P BAE o 6~11 I B LAr BIFFLL TR B M s A
W MFGM B BB 6 ™ H, ZBAI MFGM &
F 5 R0 20 3 AR T LR VS 1 A 10U ) il o A

W R BANTE MFGM RS 14N 22 LI AE A b i 2 B
IO, BEARGA: Py A P Ak = e AR R i i B F 1
4 f A 2 -2 (interleukin-2, IL-2) 0 7K F-12 3x Fe B b 78
MFGM 15 B TR 37 2 LACHE, om0

£ B, MFGM v Bei@ (2 il A & & AU . 1
il S AE S5 I A B 47 L R
22 MEKWKELE

JEE AN MFGM B B LINVAIE B U8 IZ0H5% .
JIEL B BRUAE S iR Al 2L B T 0 MFGM-PL AT LU LT
RMLKTE, FHAHIPRERG LB, 58 A5
W& B MRS B 72 MFGM, A 38 53 855 A0 s
M Z R AR, dEmfe e &m0, ok, ufg
R EM MFGM JEE TR E s T RN S 800 /N
FOAFI D REAR 1Y) i —TF 5 26 W, MEGM 7] gl ik
R 5 TR ORI e 22368 o 32 Ak i/ N B 23 ]2 A2
TN fE 1,

ITAESR, MFGM 7 235 58 AE AR AS P A A B &
o FEREER BB, 5 & MEGM I ZE 1 DL SR vk
FEpi T8 Bl 24 25 5 S5 B MR MR AR B 4R 2 Y BB R T
miRNA Fi51P) Bt o 5 R AU 28 i f5 5
AR BRI BRERR O R £ P S 0 & 5 MM B IR 9 MFGM
WA R IR ki v e e A W TG Rl BT MR B, OB 1k B
VLR S AF AR S AR AR A 2 SR T BEAh, & MFGM
RFLIE 2 1K) (whey protein powder, PP)R] (3% AD /NI
PIVE R FE BB DTARRT tau 28 1A ) BE R IR AL, 38 1k 00E
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PPARy-#%[FF-«B {5 5@ HHMH AD /NRIGHZERAE, 2%
% AD Ji 3B

TENME T, MEGM B NI R TR IIF R 28 T2 L.
I 108 £ 6 H R ILES S5t dh, BILgERENLEE
Z Kk 18 A~ H B9 br e 2L LB J7 W5 ¥ (standard  infant
formula, SF), & &% MFGM , K% Z NEMAENI#2 (long-chain
polyunsaturated fatty acids, LC-PUFA)FI& A JC Y S2 86 P 32
JLHEJ7 35 (experimental infant formula, EF)LL K BEFL W57
(breastfed, BF), 6 % B 5% FHH 28 A0 AN 25 44 1 A ik
3T ILEIATIAL . 255 R EF 41 L3 A HE J7 2 A
K, WHCAR R R &, EEEES R WL BF
UL, B—1iseH, AT 451 £42 L8 2L
FYPFIGSIN T MFGM #1 LF (R 7 583 (MFGMHLF), $52:
365 d, 455K MFGMHLF 4l FHiA | 155 RS shis
B, FOIZZTWRASEAR R SRR TS ) R AP,

gi AT, REEAh T MFGM il AR g2 ol 5 2 4
JLM R B RIANAITIRE . IEAER, MFGM 1EE0E 24 A
HIFERF B R 5| &0, X EEBLHET MFGM H ik it
B, {HEHATIREZ MFGM st 4 AE A 0 B A4
i RAH Y -

2.3 MERBRMEXHLLE

JLEAE R SR8 — A FE M AL TR R, IS
A e BA R A ZELAT O, AR S R AChL . O A R
7 (cardiovascular disease, CVD)FI3E 8 4F P ig Wi ¥4 I 9
(non-alcoholic fatty liver disease, NAFLD)!*®!, fff5¥ %M, 7&
HFD W= RAR/ N, BB R4 T W As sl i mhAs vl 7 1L 1k
FOHEN, AR, JF o s LA AR
FUE ST IR A LI EA T MPGM-PL T TR REBS {2 2F /5 1A
AR &, D RS An, B kAR,

AE A 2L 2L 58 MEGM BT 38 o 90l 7 A Aig W5 2E
B SR BT AL B B LR AT AR, BCE TN R
R 525 P, FENIRDE JR 5 (type 2 diabetes, T2D)/)MElAR
K, MEGM T~ Hitii 1t fi tF % i 1ok UL RS 3-8 i/ 2 11 4 B
300 S AT A 0B LA ) e-Jun N-oR i 53k 2l
SR AL BeAh, Rk U7 S 300 A0 L0 T 15
MFGM-PL ] B 2t 3 55 A Bl 3l T A e e ke 38 HE JR £
SRR QI ALY . X W] MFGM A BEFE A —FP B AE 1)
OB IR IR T RE T £ AL R -

CVD 2 —AERYLIRGHH, JFELE SR ik
SRR AL LR U SEETORR T 3l ik N BE D RRAE, RO B R
o R SR OCHR IR R o AR BE AR 2 1 S AR /N BRUAb 724 5
M ERG s, ELECsh bk o AR T Lk B 2 1 FIE [ 5 8 5 AL
W A E R, FRARAAE RN, A A8 3 kR R R
PR & RS HElf R 5 p, M A ATE 8 JANERE
& & MFGM WY, 5 MA%EAR S MEGM Y35

AHEL, P 00ER 3 B A 74 {15 285 B i 2 1 R 1 (i AN 48 2 1
B NRE T AL LLED. 55— F 42 04 i RS 56
o, 5 ERZ R AN S AR PL B0 TS AR L, A S A
A5 PL (8 BT VA 40 1LV R AR AL A AL [T Pt IR 2% B2 AR 2
O A, O e/ g 25 2 i 2 1 L [ (i AN 8 B8 B 1 B:
HARE A AT HAEPY,

25 b iTiR, MFGM MM g A O MO JHE B A OGBS,
QOB BRI, AETAE T R BRI 100 A8 952008 45 T e 45
WeE

24 MEZFEANES

FRERESZA S E, GIRESR R s
FRASN ) BE A7 400 %5 (48 A R3S RER H 259 0L o B R
3FhER 3 FPLL AR B E SO RS, RS R E R . L
WICH . JEfE . T B8 MR TG sh A1), ikl
B LR i B LT B R TR & A N 3 55 R0 A K (g
ARG N 2 o R BIFSE & PR £ b 78 B & A R Y
UM MFGM IRA W LUME S S LA A S, fifl
BUAEWUA R A gesh, FUIRNIER-EGF [HF (milk
fat globule-EGF factor 8, MFG-E8) ] 7F {4 4} i 12} 18 7%
Akt/bel-2/bax /55 2 [ 1 1175 5 R 3030 i e s 1A A0 11 4
PAT-U AR AR P AT G S PIBK/AKt/mTOR {5 538 %
G D-2Y-FUNES R R B R s, Ak
JHE R UL AE 70, S 3, MFGM M Jo R 2 1 RE i 3% %
AN AE o

A AR AN A BB T R LR R B S
B, HERALA R | sk /N AN E MFGM I BEG
A JE A48k (voluntary running exercise, VR)AEMS1H 12 1]
ONMI SRR R [ SR 5 R MIZ sh DR AL A )
RE TR, Ah, MFGM IRYT 45 4ia hRE A B il & 4E K
Bl NML 38 8PS A JE ) 25 1 T iR, MFGM ARV il 5
ME TR Z A LT, SEBEANDE, |
MFGM 677245 & R B B MR BE G 2 A4F 2 sh TRk, ik
5. IRHFST R MFGM b FE 5125 5 K 1 shfk i
EAENE BN R ALZ SRR . 60~74 4 WA AN Frgk 8 J
BEHLEESZ % MFGM I S 5504 R R sl e et e 771
/R, MFGM FlE L4 50 H 70041 0T DA 55 2 e A B 1A
PEBERY, BLAR, 70 2 DL A AFESE 12 BRI AR S
it MFGM FIFLE IR B, K776 2 1 B e .

Zx BRI, MFGM % 14 50 Fl &8 (MFG-E8) & B T
PN LT, BEEEANGE, a7 MFGM
HRA AT 32 B X B0 A AR 55 A U AE A

2.5 HtER

251 HfgiEH
MFGM &8 £ & ME A ABE, X EREMN %
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F 14

R EAA SR, 7€ BLG 98U B R 4,
MFGM W] L3l 13 34 58 i 18 Bt B AR iF Tregs (bR 22 /)N
UL A 4= 1753 8L (cow’s milk allergy, CMA), X2 H] MFGM
A B —FRA RTRIIHT CMA (9 ZhRE RS-
252 BEEE

P B A A R RIS 5 28 1) K i {5 3 I mT LA S
35 - b AT IR YT, DT R AR B 40 ) 1 4 Bt T T
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