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B bR EY, BRI BURAUR TR A R AH
g3, S AR 2%~5% , BRFLAFLAR DT ER (Milk fat
globule ,MFG) B JE 2 73 i , o /K A% 0 & & H il
=P RN E [ BE R A0 2 B BE R OB R AR A
AT A S A A A T, I
G 2R R T, A R B8 D5 0 W SO AT BR S L
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A2, HRAE R T IR 20 B A AN [R] 3 A vt 1 I 2
Mo ARFAR 5y FF 2, H g AR 45 B
& 9 JH A% (Phosphatidylcholine , PC) B JIg Bt £, Pt i
(Phosphatidylethanolamine ,PE) . %% I§ it 22 & RQ
(Phosphatidylserine,PS) . # I Bt Al E (Phos-
phatidylinositol, PT) B i5 t H il (Phosphatidylglyc-
erol, PG) A1 % fI§ {2 (Phosphatidic acid,PA)6 >
28, MRAE A — 28 P % 8 15 R 19k ik S o3 Ry AN [R) o3
TR B IR T A AR B AR (Sphingomyelin, SM)
F1#h 2 P 1 (Ceramides, Cer) , AR #5 i 1 73 1 45 44
AR 53 R AR 2 BF 5 e W RE 2L 1R 5T 4H 15 el
BHILVERET, A B 0005 B8 57 M AR 8
ok G R AE T 52 ) 3T e 4 4 e /K P
BEZLMC R M (Human milk oligosaccharides,
HMOs) 2 H:FL i A0 T FUE A Wi 1 56 = K 4
O3, & 3~10 A~ Hups fy L o ST R A O R R A
Y1 . HMOs i 5 Fh BB 4 i ——D- 4 28 . D—F: 7L
WH N= Tk 2 FE A 2 L5 S A Y R (Sialic
acids,SA), H N-Z B2 #R  (N-acetylneu-
raminic acid,NeuS5Ac) & SA B FE I 2 —, M
WL 2 OBk FAME AT A=), BA Z M ETIIRE,
W kG )L S B L R I & & 3 o 2 LA A fg
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T AR AL i E SR,

1E MFGM 8k 11 L3 Aii 3 25%~T70% (14 2544
BEE A, RO FLIEERBEE A (Milk fat globule
membrane protein, MEGMP) ,iX $E 5 & 7 FLH &
AL, SR T REAN 1%~2% , B E L
AW S, TR R AE B A LA 45 b 4t i ik 72 R
B AE AL b 45 T S A AR PO BRI
AT M S S AR BRI RE . PO HOR & BT H
BT % e m R T E ) TORAT - BLE B (Q
Exactive Orbitrap,QE) 2 — P 5 PU e # F1 L8
BI 22 52 () 1 2 FE BTSN, & RE v e M DU AR AT
(1) 25 + & U8 [W] Orbitrap = 73 B M ) 5t 5t 20 (HR/
AM) I 5 H AR A G A, ROR B 1 5T 3% A6 I 1 3
P R R R AR S AR R R R R
A BT IOES o T

AR SCHE R T A R e B RS 2 U
FmEiE AR BT 2 A2 OB EVE SR
GBS, NFREZL AN [A] 22 ek SR FH 48— 1 &G D ~F-
SR Rr S BUIE A2k % DOl At = R IR )
AH SR IR AL, R AR B by B 4 AR AL
BEFLAR LIRS, 290 B A BE LA Ak i 2
filt, [V Ay A= L2 o B~ 0B 45 268 T 6 42 (AL S 4
X HFo

1 MRERE
1.1 RS

BEFL, WFL(0~5 d) T #EFL (10~15 d) S
FL(>30 d), B 52 R: B 20 A B TR B AR v 5 22
Boky, 1 Bt (GEH 0~6 T~ A2 L), db s = Jo & i ik
Uy A BR 2S5 H b B BE AN A Ar vfE A (Sl >
99.0%) , fu4% PE36:2/PE31:1 PI34:1/P131:1 .PC36
:2/PC31:1 ,PG34:1/PG31:1 ,SM42:1:2/SM35 :1
1 Cerd2:2:2(C24:1)/Cerd2:2(C24:0) , 3 [ Avanti
Polar Lipids 2wl ; H il =FEabrifEM (TAG52:2 fl
d5-TAG54:3, 4 £ >99.0% ) , #ii #i Larodan AB 2%
Al AL ZZBIO 28 W) 5 M R b 1 (N= & BE
2% R, HPLC, 4% =97%),Sigma A7l ;N-#£ 2,
Pifi #f 28 2 2 (HPLC, 2l & =98.2% ) , IR M AE 9 s 1%

MR AE S 4G 3 —F LM FLE (3-GL, 4l 2 >
98.90% ) 4" FLHl K FLAE (4-GL, 4L 1£>98.90% )
67— FLHEHEFLME (6°-GL, 41 f£>99.50% ) , % [
Carbosynth 2 w] ;37— Mt ¥% fR L ¥% (3°SL, 2k Ji >
95.00%) .6"-ME K FRFLBE (6°SL,>95.00% ) 6"
Wt S —N- Tt FLE I (6°SLN, >95.00% ) | — M %
iR 3 ZLBE (DSL, 26 £ >90.00% ) 27— 4l 4 3L
(2°FL, 40 )£ >95.00% ) .3 = He A AL LA (3L, 4l
J¥>95.00% ) . FL#E - N - B /4 4% (LNnT, 2§ Ji >
95.00%), i Glycosci 23 ) ; Bradford & F & &
W&, s RAEMER L 7] 5 [E A A U (ProE-
lut Silica,1¢g/6 mL),Dikma F}4£ 2% 5] ; 008 B (P8
% ,0.1 um), 78 [ Atech Innovations GmbH 72 ] ;
TEMEE AR O P EE HRE PR .
% | £ TR %N St TR I (JE 15 2% ) , 55 B Fisher Scien-
tific 24 Fl 3 B 5 ERE (DTT) (AR 2 ke (TAA) |
i 2 11l 208 U R T e |\ 2 FH RO W e i
Bt a ) BEIREN IR R =W OR =R L
M2 SR EA (e A al ), 18 [ Sigma 23w 56 K
B ALK
12 &&ES5MH

1 RO AR 3 /DU AR AT AT I ] BT (U-
PLC-Q-TOF-MS/MS), Bl ESI Hi M55 85+ 5 Fil
Pearkview2.2 MultiQuant3.0.2 FI MSDIAL3.20 %%
Eab ¥ F G, S AB SCIEX A A ;Dionex 1CS-
6000 51~ (38 , Be o DU 0B A | K b 4 B AG
#% ,Thermo Scientific 22 7] ; 43 #7 4 Dionex Car-
boPac PA20(3 mm x 150 mm ; Rl TS ) R4+
Dionex CarboPac PA20 (3 mm x 30 mm; 34} . #4f
JIg) .Cleanert 1C—A RiAbEE/NE (1ee 50/pkg) .0.22
pm JE B Agela /A F] ;UPLC R 4t IiC & A 4%
(SRD-3600) , i # % (HPG-3400RS) . FI 3l it Ff 23
(WPS3000TRS) 4 xUHE 46 (TCC-3000RS) A1 ¢ St
Kl &% (FLD-3400RS Dual-PMT), 7[5 Dionex
Softron GmbH A 7] ; Acquity UPLC® Glycan BEH
Bk A (2.1 mm x 150 mm, 1.7 pm, 1304), 3% [
Waters 2~ 7 ; UltiMate 3000 4 7 ¥ AH €5 3% 4% .Q
Exactive Orbitrap 5 43 #5315 1% . Nanodrop2000 #
{43 HE B BE 3T \D-37520 Osterode Tk ik 55 i B
LML, ZEE Thermo Fisher 23 F] ;KQ-500DE %Y
P VAR, B Ll A A A PR A T 3K-15 Y
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BURE DL, 18 Sigma 2> 7] ;Himac CP 80 MX
AU ML 2S 201, H AR HTTACHI /2 #] ; TRID2.5
RIE A ORTHL, 2€E LABCONCO 2w ;HH-
6B AUIH A5, H M SR LB AN ] AT BR S A
AL104 HL 74387 K7 MR ) —FE R 2 AU SR A TR
A) ;8 1M AU e 4R 17 i , T [ IKA A,
1.3 RKEH*
1.3.1 MRBTZAZ=4r 8T RJTC #37/ UPLC-Q-
TOF-MS/MS i J5i 2H 2 J5 15000 B2 e Ay B B 2L v H
MEE . HIhBERE . BRSO A X E )
Bro
1.3.2 M50 R C HE S i AR SR R Iy
N BEICRY S BEFL b B ISR OB A S AT
I A 57 19 8 1 R AH — 7 ST A T 8 v
T A9 B B 2L A AT SROM 2 151 ORI i S ST 1 e L
I3 85~ 22 460 €033 — ik v 22 855 0 A 00 B2 TC A SRR FL
r R e YA e 288 R L B
1.3.3 HAA¥00 8 HC @M T = RO
FH (53 5 F S A0 B 2 A 5 4 B S B R
S B FL K Ry vh FL R B Bk BSE AR 1 I 1 i 25 B
w7
1.4 HELE

BRI REA T R ME 3 vk, W5 25 R DL
W 45 0k 22 o o ] SPSS 22.0 MUK 1 1Y
ANOVA ()5 250 81) ,P<0.05 I\ A G it 24 i %
P25 f#H Origin 2021 #AF1ER .,

2 HRESMH
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W& 1a s, B R BENE P2 EL PE(68)>
SM(40)>PC(31)=PI(31)=PG(27)=Cer(27), 3%
5§ Zhao EWHI Liu S5 A 5T 45 5 40— 3, PE . SM
F1 PC 2 BEZL b d5e 3 ZE A W A 288 X AN [ ot it 22
FC A3 A 5 B o 1k o AT & SR 6 B, R 2L b (1 i IR B
KBB4 ML BEIE VR BEES T
AN TR) i B T R e 1 B i A 2 B (P<0.05) , 3X 3
WIS TERERE R S F B B LA R, U
S 1 BB RY G 0~6 A 2JL), N R iZ B B
B S LE TR BCRIEA R . il 1b B, ARl
JE R T 3 TR AR S RN A5 R 2R S AR T
BEZL, L BEZL R A BEAR B i R (256.77+11.92)

mg/L, 5 F i 1(120.80 mg/L+5.98 mg/L) it f 2
(67.28 mg/L.£4.98 mg/L) | it J# 3 (138.54 mg/L+
13.61 mg/L) £l i % 4(83.96 mg/L+4.85 mg/L) , A~
[F) il R B O v, R 3 R R A A T L A A R
LA E B AR (W FP 25 (76 ) FLEL & i (138.54 mg/
L+13.61 mg/L) [ B3R B, ol B2 i 8 3 2L
RSN MEGM 2 &5 T 9058 vh i i i & i, iX
5 Liu SFRIE 45 A — 30, el I 7fEAR R
WA RS AT & b, T LA B A AR A T R
SRR, 4 BERCOR A B RE P S R L 2
FEATREFL , AT R B &y LB AL 5 4 1 A A D 7T
WME 1c FE 1d Fios, BEZLH 1 DAG(15 )
FUH R (94 Fh) By SRR 2500y W3 T 24 R
(P<0.05), X381 BB 76 H i el 2 3= 5
IR RS, TAG R AR b i) 2 H
MR, HREZL P AR AT A 98.68% , TAG Hi
FEAFFIZE TAG 52:2 il TAG 52:3 7E£:FL AN
N T i i B R v B A R 2 AR ., Ho
a2 AE T L i R R Iy o 2L 1 AR T
U, BEFL S KR 2 N IR IR 1 A oS
W52 (DHA | C22:6) FAE A DU R (AA,C20:4) H il
B 53 3R 0.3% 1 0.46% , 11 £ i i B2 ey v 24 &
R i, AR AE AR G ST, DHA T ARA 45 B 22 )L
R FNRL 58 D BE () & B, DHA Fl ARA W] 43531 i
H CI8 Hifk a— W RIER (C18:3 n-3) FIL AR
(C18:2 n—6) 15 1, SR, B T 22 LA I R 4 ) SiE
fFn R A R, RS K BE 2 A
FRE D7 B2 AN & A4 AR AR G DRt 0 2
o R R REE  E4 LA 58 DHA #l ARARY, 48
Furse FlKoulman™#{zi , 22 e k3 H ) DHA £ %k
BT H =R, HSEKOE I T N B R
TR DHA i H i R R 8% AR AT 45 19 DHA
T HeAS [RS8 PR 15 T S R B, Bk 2% 1 Ji e
H DHA 1 ARA S, W5 IEFE &2
FIURE 5 R /9 DHA Al ARA 43 F Fh 2 K OH &
22 BIREEMMEBEZESHT
221 BEFLRCEECR AR RBEA b REFL A
AN [ i Rt R T v 1) ) 1 SR W A S 0 2 S 4
R, BEFLH AR SR R 2 8 (152) 1838 & TR [ i
RGBT A, b R 2 BT A b I SRR R 25 L
(89) e L BEFL (1] 2a), WA 2b Bz AH HL RS
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Analysis of lipid composition of human milk and different brands of infant formula

1
Fig.1

FL, TEAS [A] i B e B 44 K &2 1) LNT \LNnT |
LVFP Il \LSTc #1 DSLNT %G R AE RIS, AS[R] i it
WU b E B F) ) 2°-FL . 3°-FL .6-SL .LVFP Il |
LNDFH I %5 H & 2 3 W 355 F £ 3L ,3°-GOS
4-GOS ,6'-GOS \3"-SL IR 50 & = 3 W 3 v T8k
. (P<0.05), #F A LVFPI 4 8% ,2-FL k2,
M2 FL Ry T 4GOS (5, 3% FT B2 T 24 ARy
(R T 2 S A 7 ok AR v T T s e S B 4
Gy 2 SISO TR] R B (0 b L R 1B
BL A (6 899.16 mg/kg + 12.75 mgrkg) H) K R BE &
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FUAE B 7K (10 150.60 mgrkg + 21.92 mg/kg) .
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Neu5Ge) , il B8 5 Ir FHBC R FLAH G , AH OGSOk %
B 4= FL H A BF & NeuSAc Al NeuSGe!®!, HFL
P AR o 8 0 34 R AN 1 3 NeuSAc (18] 2~ 151 2f)
AE fE F) Neu5SGe, X1 HE S A FHIAEAA G,
AMR2E R R BRI AR R R SRR T RE I
AN TR A AR [ P M AR R 261 ol 2 S 1240 BRARAS B I
AFEH: NeuSGe, TEE & NeuSGe B E Y, N
W AL A, ] RE i Rk L P
NeuS5Ge A 1021, BEZLH NeuSAc FlLEME R R 1)
Y T AN TR ah SO A, nT 3K (521.30+
11.30)mg/100g (&l 2c¢~2f) , A fi 1 ZEFCHKY (174.23
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Fig.2 Analysis of oligosaccharide and sialic acid composition of human milk and different brands of infant formula
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ik, JF HY%E T HAMW 50%, 3% kR R L
W —N— DU 6 Vi R AT — MR Vi R - V- DU, 5
EEEEC AR L, SR 1 RO 0 A N R MR YR
1% &5 1 fi 5 (89.89 mg/100g + 1.9 mg/100g) , i it 3
ST A 1 IR R 4 S R R R 1 i A e (81.93
mg/100g + 1.71 mg/100g) , it Ff 1 22 BC B 14 i Joit 784
45 A MEW R NeuSAc & it i (7.51 mg/100g + 0.09
mg/100g) , i 4 2 22 e By 1) 317 125 8 M Y 2. NeuSAc
& 5 7 (8.80 mg/100g + 0.67 mg/100g) , 3% 7 B
A [ BB v B MR R A TE T A 22 e,
W Y PR P SR o, AT BB SZ T I AN R A T
TR ALK

AIAFLEE

23 BIREZEMMEREZESN

B L% E Y MEGMP (RS 80h 1 043
i, G T4 LIS 58y (] 3a), ixX KRBT 2E 4 L
BC 77k 2 RN i . R 2 ROk T Y
MFGMP F2 %0k 187 Ff, T H & 241 L)y
Ky, IR b AL B R UG, R 2 B R
FEE TR, A 3b B, SR I R REFL
LKy Z 18] MEGMP 11922 5+ 454k, 34 & (1) 0
EARR T RIE, B2 1 % X 3K B
o A E T UGB B BT RE . &’ 3b
H A B LR BE RS HR R 100 Rl R R 22 5 0 i AY
MFGMP, +}FL(% MEGMP = Ji # (& g %55 T2 )L

TITTME

1TJ
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H‘IIIIII

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

(b)

1AL, 2.0 Rl 3G BE B LIL T B

B3 EIRAEMMEEEHH MFGMP #2815 E 5
Fig.3 MFGMP species and heat map analysis of human milk and different brands of infant formula

1 BILEFIAMNEIA R I0MEERSHERER
Table 1 10 common proteins with high abundances in infant formula and human milk
555 AW 4 AR G LR KE
P50148 GNAQ GAQ brgb B RELSEAE G 359
P62987 UBA 52 UBCEP2 ZFE-60S HHEhREG 128
QONP72 RABIS8 Ras 48 % %& & Rab-18 206
P0O7355 ANXA2 ANX2 MERLERG IV 339
P29992 GNA 1l Bvgeh 2 5 G LA a-11 359
P63092 GNASI BeReh g ES%EE G 394
P62815 Atp6b2 V A B F ATPase L& B 511
060814 H2BFT 1% & H2B 1-K 126
P61019 RAB2 Ras #8 % %& & Rab-2A 212
P51149 RAB7A Ras #8 % % & Rab-7A 207
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Be o7 FLKy . ZLEC ) FLA 5 7L MEGMP AH L, 47
10 At ) iy 2 1 F R (3R 1), H A BT e 2
ghih His MALTEE S5 TIE M, B IIE
FHEE G IRES G B T AT PR R R RN i
iz AP BLEC T FLM7E MFMGP [ R 2 fi 4
w22 R S, (GER T 10 FEE AL
MFGMP., M A ST 6e f1 B 43, 2 LI 77 3L e
& MFGMP D fig B — AN 545 20 i S0 0 | e 28 il
WA AR DG RE . AR AT 5 2 itk L b 15 T 1%
43, T MEGMP RS R = B BT 23 BF 3L

3 it

A 5 v ARG I 0 1 B 3L H T R SR 2
94 A, Hr DAG F1 TAG Fp 2850y o T 2Ll by, B
FLA TAG J& L H MR, 320 FFh 2 TAG 52:
2 Al TAG 52:3 16 BE 2L AU [A] i B 2L A R v 9 A1
X e 22 A e, BEFL R A KRR 2 AN 1 R s
T2 i) DHA (22:6) F1 AA (20:4) 5 2 H il 5 78 7l
BT rh B R A o BEFL A A BE R A S B
Bt A U288 P b S BRI  Bi  30 8 TOAS [] t J
BTCAR . BEFLT LR RSN S R R S T
ANTR] R SR TR o AS R A I A B LR AS e i
fiz £ 22 L)L NeuSAc JE=UAFEAE, T A8 22 Bc kv D) [
I TE NeuSAc F1 NeuSGe, ZA T A5y v (1 e ik iR 3=
DI R 25 5 700 e Y0 T2 R A 1 T 4G TR e VL TR
. AT R A LY E th MFGMP /Y
P2 1043 Fir, 22 LEC 7 FLR 7 MEMGP [ Fh 25
A B Ty T A EEFL 22 AT S GA R T 10 FheE
FL MFGMP,, 76 B BB A I, AN AL 2 2% 7= b
Jc 5 T s e R Y S A SR LA A A R
T 2 R A AR A 7 Tk AR AT B S R
BRI, AR ZR WL 2B i 7 5 e 7
AN T T2l 2 br Ak, DT 42 22F 22 A 1) 11 PR
SRR T 323 T RE R R

& % x #
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Multiomic Evaluation of Infant Formula Mimicking Human Milk Composition
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Li Zigi®, Qiao Weicang', Chen Lijun"
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Beijing Technical Innovation Center of Human Milk Research, Human Milk Research and Technology Innovation Center,
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*College of Food Science, Northeast Agricultural Unwersity, Harbin 150006
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Abstract Based on the multiomics detection technology of human milk developed by the China maternal and infant nu-
trition health cohort study, the lipidomics, glycomics and proteomics of human milk and different brands of infant formu-
la were compared and analyzed, and the differences in the important nutritional composition of simulated human milk of
infant formula were explored. The species number of glycerides (94), phospholipids (224), oligosaccharides (152) and
milk fat globule membrane protein (1 043) in human milk were significantly higher than those of infant formula (P<0.05).
The contents of phospholipids (256.77 mg/L), oligosaccharides (10 150.60 mg/kg) and total sialic acid (521.30 mg/100 g)
in infant formula were significantly different from those in human milk (P<0.05). The species and abundance of milk fat
globule membrane proteins of infant formula and human milk were quite different, and only 10 kinds of human milk fat
globule membrane proteins were reduced. In the future, the development of infant formula not only needs to simulate the
richness of important nutritional molecules, but also needs to increase its content accordingly to bring it closer to the
composition of human milk.

Keywords human milk; infant formula; lipidomics; proteomics; glycomics



