547 % 514 4 i Tl B Vol. 47 No. 14
2026 4 7 H Science and Technology of Food Industry Jul. 2026

RAEER, BEEE, XUMH, 4. BRI IERE : S5HRHE | R DIEAR 57 AR (7], Bah TolkBH, 2026, 47(14): 477-490.
doi: 10.13386/j.issn1002-0306.2025060006

WU Lunwei, DUAN Guoxia, LIU Lijun, et al. Advances in the Study of Human Milk Oligosaccharides: Structure, Analysis, and
Industrial Applications[J]. Science and Technology of Food Industry, 2026, 47(14): 477-490. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2025060006

- BRLRIA -

||

FURRPEDT TR . FHFHLE .
BB S = AR

REH, KEE , mE", NES, 52w,k 57, REFH"’, 55E"?
(1. AR F A FZ Ak A R A TRAE], R F2FF24F 010100;
QERTHURBETRLEHTELET (FFEILARSHIES 28HK) , AE & FF245010100)

# E: &L %4 (human milk oligosaccharides, HMOs) & A4L “1’ é’J/\ FEFFE, SMERYILFAREGH
WHERAFRANTLRE T RAIEEEZZERN. AL HMOs 94H., 42, 2l Gk, ety ey At
ITT K, ST T S IUIREHE 5 ALK R RS £ 5, BT Mk, ’\#ﬁié%)li&ifz AR S AT Ak 8 BT 5T Fe T
R AR — 0 IR LAY . BAATIE M A ds 5 & LA A R Mt S ILIRR AR £ R e AT Ik 69 K B o
KEER: A IURTNE, &4, 62, B R, A aeddie, B A

RES#E:TS252.1 SCRRARIRAD: A M EHS:1002-0306(2026)14-0477-14

DOI: 10.13386/j.issn1002-0306.2025060006 T ER

Advances in the Study of Human Milk Oligosaccharides:
Structure, Analysis, and Industrial Applications

WU Lunwei'?, DUAN Guoxia">", LIU Lijun'?, LIU Chunxia’, GONG Huili',
CHEN Jing®, WU Xiaoli?, LU Zhiyong'"’

(1.Inner Mongolia Yili Industrial Group Co., Ltd., Hohhot 010100, China;

2.Key Laboratory of Cattle and Sheep Milk and Meat Products Risk Control and Key Technology,
State Administration for Market Regulation, Hohhot 010100, China)

Abstract: Human milk oligosaccharides (HMOs) are abundant components in human milk, playing a pivotal role in shap-
ing the characteristic gut microbiota and regulating immune function in infants and other populations. This review elabo-
rates on the structure, content, detection methods, biological functions, and food applications of HMOs, while contrasting
the differences between animal milk oligosaccharides and human milk oligosaccharides. Furthermore, it explores com-
pounding strategies for infant formula and analyzes regulatory advancements in this field. By synthesizing these insights,
this review aims to provide researchers and developers in the food industry with a practical, forward-looking, and instruc-

tive reference to advance the application of HMOs in the food sector.
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B FAR RIS W &5 F & B Ak 22
5o 2L LB R i Rk a A AL s FL,
T L A AR SR 5 B LI B 2= AR K,
e, BEZUAIRSRB 2240 LEC T B AE BEZLALE B A5
AN —IE ™, BT, BRI E &
i B IR AL T A SR A B S TR E A N i
FE SR ARALL O, B4 Llc 7 £ i I B 2L
TBEE RN T 52 LS SRR, 1l N IEAE
IR B2 LA SR E AR IO 45 rh N FH, (RIS A s
BEZUASRAH R S, A BB REHES T R B2,
(RSB E T e S IR T

R, BRRUIRER M M FERR T BB ih Tk )
ARG ki 5, BERLIRSREfA:
W R PR AR AN G, 2935 R AR IR M S0 2= 1 1)
FaM Ak, FERURIRMEE R ZEA A 5 H AR E D)
HEZ ARG R M AR S A, 124 1T ZERC 7 Wiksy
HroRlE A BE AR RS A o AR, A R RO 1 -
JEREERH (HPLC-MS) S5 R T RB S e BEL P 280K
TRMHLH 51, (BRI AR 1 2 28518 S A AR (an ey
TR Ak 5 P AR 53 A ) RS VRERR AT 5 02 2 iy
BRI, AEbRER AT, H RS BRi AL Y
HMOs FI 2 BR, 5821 i SEBRAEAE B0 E Fh ekt
FHFSEEE, A3 T IR SE AR UESRES) BE 22 HMOs
FATE A2 ol s L R EREE . Ik, AR B
TERGUmMEL HMOs 194514 . DEe -5 86005 AR i 5o#r
PR, I AHINT Y RTESE h RfE AR O  RLO F JE
—— B R GBI L ST R 50k Ak R
Z Al FESYE o 38X A AT AN RIS 2 AR 3 A
SRR, ¥ HMOs & Heh B AESR NS, LUSY
FH S W 57 4 AL 78 BT 0% 400 3 BIK (B 5, RS D)
HMOs 7E & i T, 45755 SR 18 2 S0l it 2R AR
JHIR AR S
1 BERBRENESN

FEFUARR A 3~14 - HUbEE i 5455 ol & 8%
PIE e fem . B L, BZLICRPETT s G
1000 27, B HAET N 1L, B850 H R EEEL
RZEBE 247 Fl, 3+ H A 162 FiE:ZLARR IS5 E
ZEWEFRATS ), T RSN A — D AH R A%
DS EATT, 3P AZ OSSP LS AP SLAS ) SR i
% ¥ (glucose, Glo) | [ FL#¥ (glalctose, Gal) . N-Z,
Pk 767 B 1% ( N-acetylglucosamine, GIcNAc) . & ¥4
(fucose, Fuc) Fl N-Z, fijk #1 £ 44 2 ( NeuSAc, sialic
acid) . BT FLFE (A B AU E HMOs) 4f, 270
15 Fhrp AR SROMH, MG A4y 2 a5 14, O B
FE N HA HMOs FURZOS5H . 2 1 50 T 14 FhAZ
NNl O 7

ANFEIEEF =Z ], M 12 PSSR e A
FERE, L rp A4 =R U A . PRl N- & e
PHAET R DURP S el o B A — Aol 4, F1En
= 2 . A RSB G H EOE N F RS I 18

1 SRR A R FL ISR Ao Fefb AR
WL O EH 1 2 FR

Table 1 Lactose and non-fucosylated human milk oligosaccha-
rides are designated as the core structures of other human milk
oligosaccharides

RS 4R Ly &Y E iE]
1 FLA Lactose (not considered an HMOs itself), Lac
I FLBE-N-DU Lacto-N-tetraose, LNT
| FLBE-N-H U Lacto-N-neotetraose, LNnT
v FLBE-N-SHE Lacto-N-hexaose, LNH
\Y FUBE-N-B7 OB Lacto-N-neohexaose, LNnH
Vi XF-FUE-N-7< para-Lacto-N-hexaose, pLNH

VI X-FLBE-N-B S B
VIl FLAE-N-/ U
IX FUBH-N-HT /e
X SFLBE-N-/
XI XoF-FUE-N-/\ B
X1 WF-FUBH-N-H A\
X1 FUBE-N-A-
XV FUBE-N-B b

para-Lacto-N-neohexaose, pPLNnH
Lacto-N-octaose, LNO
Lacto-N-neooctaose, LNnO
iso-Lacto-N-octaose, iLNO
para-Lacto-N-octaose, pLNO

=

para-Lacto-N-neooctaose, pPLNnO
Lacto-N-decaose, LND
Lacto-N-neodecaose, LNnD

®2 P REFLICRAERY 12 FhISI AR i
Table 2 Twelve glycosidic linkages that constitude
diverse HMOs

R 45
Galp1-4Glc
Galp1-3GIcNAc
Galp1-4GleNAc
GlcNAcp1-3Gal
GleNAcp1-6Gal
Fucal-2Gal
Fucal-3Glc
Fucal-3GlcNAc
Fucal-4GIcNAc
Neu5Aca2-3Gal
Neu5Aca2-6Gal
Neu5Aca2-6GlcNAc

LT

N-Z BT e
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V8 P R

SRR S T 4f, HOA AR il i) B-1,3 . B-1,6 HEAT
HEEE N- P SL %4 0% (Gal-B-1,3-GlcNAc, LNB
8% Gal--1,4-GlcNAc, LacNAc) ; Al DLl it a-1,2.
a-1,3 BEE B PERE; B8R 0-2,3 | 0-2,6 B REE A -
SEII AN R GERA A2, TR R i H A e = 6
L5K8, PNTTZAT 3~32 P HUPHSS 4 BT AN [R] 278
PSR pE O,

R T & 25 A BT AN [R], RGBT
PUGrR =25 a {4 Gle. Gal Fil GleNAc HY=E 7
WL TR ARG SRME, AnFLBE-N- DU (lacto-N-tetraose,
LNT) FIFUEE IE OB (lacto-N-hexaose, LNH); b. &4
Glc, Gal, GleNAc Fl—~ali A5 Ebl Ly rh PR
M, 40 205 v pE L FL B (2°-fucosyllactose, 2°-FL)
FZLWE — 25 3 VU P (Lactodifucotetraose, LDFT) ;
c. &% Glc. Gal, GlcNAc fl—~Ei 21~ NeuSAc F
JC I VR R A A R P AT SROBE, Un 3> - V& 2R (3-sia-
lyllactose, 3’-SL)FMXUHEAILEFZLIE-N - LU (Disialyllac-
to-N-tetraose, DSLNT)!"?, —2& HMOs . [&] B AL &
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S THONH I T VIR , 9] QA 2 e S - A P LB -IN- SO
(fucosyl- sialyllacto- N- hexaose, FS-LNH)!3"51
TR DA A 5 PO TAAE AN RIZE B2 AT RE, [
I, HFURR R & pgs AR, Ak
T A B D, BEZUSRBEVE S T s 5 a2 i 5
R PR EEE E AN G, SR — S BRI TG 3K
BELWT F 2R b 2 2R e AR AR . TE 23X i
R A SRR Ty, IRZ R T B A {1
E PSR A5 SR RERLAR SR, TR URBR T/ H0L
FRUS S PAEERA 1) Z R PR SE DI RE AR S 1 ) o Sl /A
FESRYE, A Vit el b (U 2°-FL) B4 HMOs A3 i
LA = 4 M 2 1T SZ AR, A5 RSB AR e AR 1 Rk
[k TR R AL HMOs (40 3°-SL) WIRE &t 22 4 B 1Y
AT, WA R . A OB 2R
2540 INT 5 LNn T n] 8 S BN R 354 5
PRI . B, AT HMOSs 454 & 2
DIREI- S B UEE TR0 FH ) G4

FRAMT, 27T HMOs 254 ) 4 a1 AT 475 T I G 25
PFE AR, V5 2B FLRE 25 P AR IR . B2,
KEAFFEMI R 53 T AR (A0 LNT/LNnT) X 3:F LC-
MS [H BT HE S T B RBRAR, MELAFEAAS R
mn TS OL N AT HERR X 43 R AR L B A eE
HMOs FRMFN ISP T AFAZ G (NMR ) 5556
HHRE T FEAR . BLARIX U5 2% ) REZLAIR R ER AR
> BT e HAT YA TIRE . e RIS ST,
AR AR, FF ZERELH AR AR 2 R 7 v il Y
RIS, SO R ASK R HMOs 4TI fE
BAF, A G R A L PRNIR A S HMOs BIARSCTERY
CECRIE
2 BIRBEAMFE: SE5E. ME
FRYIMELR
2.1 BIARBENIENNMESR

FEZLR RS & B AR TR FUIE T, 249 5 BEFL
daR KA S 20%1Y . HMOs [ 35208 /0 27
BE-N-PO¥E (lacto-N-tetraose, LNT) . FLBE-N-57 POk
(Lacto-N-neotetraose, LNnT) DA M BA- A KL b L
B ERMEVE IR AYFLE . USRS L B U R X
WIRALFINE . [RIE B A S S AL A W R b i B 2L
IR B B0, FEax 2z rp, r R REZLAR SRS
FEFLIC RS 75% L ERPY AYEFA Gle., Gal
F1 GleNac 9 AR IROBE 5 S BEZLACRBE 42%~
55%, Horprrpe REZLAR SRS v & i 75 5 1 o i
FAAEEZLRERPE, HEEZLIRERPE SR 33%~50%,
25 W I AL REZLIC R BE h, 2°-FL e 5, 24
A RERLR IR 30% DAL, R HAriFss i)
Z SR —; MER IR LR LGRS B R LIR
BEIY 12%~14%, KR35 19 HMOs F2k 2y
i HMOs SRR 46%. IR IR PR FE
i 50 -~ HMOs Fh2e == 5 5 BB 83%, &g
P F AN 8 10— A A FE 1Y 8%, bl

20~25 PEEFURERBERA R FEE N, KERI-E
T 3~9 ANHUBERAANL, E H A2 (85% 43 b AD) 11y
wIFL P AR N FLH, 2°-FL, ZLHE-N-25 3 1pE
I (LNFP D), FLHi-N-— A SH# 1 (lactoc-N-difuco-
hexaose I, LNDFH 1)l LNT J& &% =F & (9 20 ik,
53 B E MR HMOs Ay MV R FLH-N-DU B ¢
(sialyllacto-N-tetraose ¢, LSTc) . XUMERFIEFLIE-N-PU
## ( Disialyllacto-N-tetraose, DSLNT) . 6>-SL. 3°-SL
FIMEWR 12 FLBE-N-PUPH a(sialyllacto-N-tetraose a, LS-
Ta)®¥, X5 Wang %5 pYBIFFE 45 A0 —35

B ZUAR SR ME 14 2H i 5 3 S A7 A W 35 1 A 22
5P, XA 2R R EEHBP R R . HELOHLHITE
T, BRI B 2L T A e B R RS Pl 1)
ACVE R A Y, X LObE AL R 1 g L R 5=
R E, HiZE T 4G IR RPER IS S5 80 .
TSR R, BRA B IR i, AL S 5 B ZUAIRER
WE A AL S L R Wi A T BRI N BT B A
RN, I, R R LA S Es A
AR BORFLAR AN T a-1,2-F FEE L L T (-
1,2-fucosyltransferas, FUT2) fll a-1,3/4-7 W 3L 5%
i (a-1,3/4-fucosyltransferas, FUT3) B3R 1k, & 3
WH AR Y 23K B 43 WA FE K] (Secretor, Se) FlliE &)
Hr (Lewis, Le) Il BAFAE e 5212, FUT2 Fil FUT3 43
A Se FEH Fll Le & F g i P, AR Y5 Se F& FH F1
Le FEFJE IR, BEFUAREBE I - =0T 4 DA
T PUFPSEFIE 2T, . Se+Le+Hl: WISHESEA] 43 n] 43
WA 27 PR RL LM (2°-FL) | 3 -5 i L LW (37-
FL) . FLWE-N-A5 % 10 1 (Lacto-N-fucopentaose 1,
LNFP [ ). ZL®E-N-4 3 8% 11 (Lacto-N-fucopen-
taose II, LNFP II ) FIZLEE-N-5 3 A% I (Lacto-N-
fucopentaose Ill, LNFP Il ) FF 25 U 25 e i S AL 1Y)
BEFURIRPE; b. Se+Le-AY: NS LEZEAT 53 2°-FL | 3°-
FL. LNFP I . LNFP I, {Ef T Le FEPAZRIL, JC
5B AL LNFP 115 c.Se-Le+1: I AYEE3E TCIk G AR
#i FUT2 (4 2°-FL f1 LNFP I, {H 0] 43 W 3°-FL.
LNFP I Fi1 LNFP 1I; d. Se-Le-#: YEI AR A, L4
Se FN Le LR IAFER, (HAFFE LB, 7T GEA77EHAth
I A B R AL T IR K S FR A, R I 30-
FL A0 LNFP IR F AR 58 4 e 257201

ik b, oy W BB 2 R EL P HMOs F 3 % i
(15.9142.80 pmol/mL) tk JE 43 W #Y £F 7L ( 8.94+
1.51 pmol/mL) P =5 H %S¢ kil &, 3 H. K2y
B 79% BRI S BB 2R, A IR L B
AR ER M AW 6 55 40 5% PRLFIT I 289 1) 56 31 L3 3.
BristL 2 DASE, e 2 faia B R, fiassgm 70
(IR BRSO, g4, iR 1 fh i B2 LA SR,
TS MR AL AL T (sialyltransferases ) (Y R ik 72
SRR, SRR L R AL T A B P R I E RS
S, AR BRI 2R IR 43ty =X, A% . AR e A
FRARAL) « Hbbl | FRER AT SR R e B 4, S B R
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Table 3 Biosynthesis of fucosylated HMOs depends on Secretor and Lewis blood group Status
HNMAE  FUT2HEME(e-1,2)  FUT3WEM:(0-1,3/4)  AWRBEER R BRI A MR HMOs NHEG A5 (%)
Se+Le+ + + a-1,2,a-1,3,0-1,4 2°-FL, LNFP | | 3-FL, LNFPIIl, LNFP Il 70
Se-Le+ - + a-1,3,a-1,4 3-FL., LNFPII, LNFP II 20
Se+Le- + - a-1,2,a-1,3 2>-FL, LNFP I | 3-FL, LNFPIII 9
Se-Le- - - 3-FL, LNFPIII 1

T T IOREIRIE, RN LA RIL.

1k HMOs MW sh . B2, RNEWIT R b
WP 2Z MIAF AR R 22 5, (LA &, WL i B
FUIRSR M B R S TRl
22 BEEBRESHMARBRENSELR

H &5 75 2% 2L 2R IR T s ZLithn T
2o TN S N S I £ e B S S IR N T (TR RS
PERRSRBEI TR AZEZLIT oA, J LT a izl s
AL T ERS A ERME, (BRI S 2L ISR pE Y
B AN RErE R AE A . an, AL rafRER
BHIEF 3~10 - EROHE ed He f 378 T Je d fike
KALE Y, ARG FE 28 (glucose, Gle) | -ZLHE
(galactose, Gal) . N-Z. I #i %49 b f% ( N-acetylglucos-
amine, GIcNAc) . N-Z. Bt 2= ZL B 1% ( N-acetylgalac-
tosamine, GalNAc) . ‘A # M (fucose, Fuc) . N-ZFE#f
2293 % (N-acetylneuraminic acid, NeuAc) fll N-¥3 2,
ki 22 2% (N-glycotylneuramini acid, NeuGce) . FH
PR AR SRBE 00 2H BRI 55 Sl TR AT SR 58
SAN[EPY, 3 4 XTI T T IR LA . AN, BIFSE
W, PEHAWR LB AR B ZL S0 (milk oligosac-
charides, MOs) 5 EEFUARIRME [F] S 2L SR, tL B
B 5L AL BT EE . dE A ZEL3h
FLA T & PSSR AEAS R Fh Z e BAG AR Ak
E N

4 BEFLIRERME ., A FUIRSRAEAAE Y IR ISR M 1
L LERAR L
Table 4 Comparison of the constituent monomers of human
milk oligosaccharides, bovine milk oligosaccharides,
and plant-derivedosaccharides

SRLICRBRARIK Uk T R
D-iii D-iiij D-iii
DL DL D-F7L

N-CEEHEBG N-C R A
Lt Lt P
NCEHEER  N-ZBHEER b
N-FE LML B
i
it
B
sl

R 5 9% T B FL S EFLP B LS R
i, A R BEFLTP SR AR SRS B S R L 2

B, B LA S et ah A, iR L
PSR E F= 2 P25 AT AR ZUARERBEICER 0 Eh
FLBEAZ 0> (Gal-B1,4-Gle) ¥4 %, S5HEFLIRREE(HMOS )
AEARL; AHFB53-53F LAZUBEREAZ O G JF AR Ui & N-2L15E
FLbE R, Bl Gal-f1,4-GlcNAc) S FEal, 53X — 454 5
HMOs fA7E22 577 EZUIRSPH I AR S [l
A= FLvE BEARA, (B HES ) A0 3 5 (Can S A A%k
HEZ), HEEDEE & CEFUIERE S BN 7L
M 5 A%) o TERRMEAR RS (ME b E ) vh, 2201
ZH A% 3E 2T HMOs, 1 4-#L5 HMOs AR 3=
LA BRAE H R ARG SR OB 435 A Jal (N 2 e b S A s
S H19321

HAFLAHEL, 4 IR 4525 PRIBERE W
FLIH T SERERIH AL 100 ZE 1000 137, a3 Highty
ORI AL ZZ R RS20, ARG 2 ) A LR
50~60 FhCY, EEMHAESE A L4 S SRR
FRITESEN . X PRI AL A = B2 sl Fhis | LN
AR FLEASE D R e . AN FLEERE T2 B2 bk
FeAbny, s FL PR R L SEE I E =, AL
R RS R I L Y HR PR SRR 3 2R LNT-1 BIZhHy
(Gal(p1-3)GlcNAc), M & FLIT PS4 LNnT-
2 WIZEMI(Gal(B1-4)GlcNAc), T &5 T i HIgizLs)
YL, L R B AR 2 3°-SL(26%) .
LNT/LNnT(20%) . 2>-FL(7%) . 6°-SL(5%), 35 %L
FH B A B 2L 2 PR SRR 1Y) Bl 9] e v i s )
FLOKZ 20%) 22, Beah, 1h2EFL b B A w3 TSR
W R T HAh s A4 s FL it . EAZL, 10%~
30% ML AR MER IR 1L, & A N- Wb 2 &R
(NeuSAc), XS NFLHME— MR IR ), e =@
MEWE 2 1k ) HMOs J2& 6 -MEVR R FLIE (6°-SL), 3'-M
WRIRFURE(3°-SL), AR FEFLIH-N- DU (disialyllac-
tose-N-tetraose, DSLNT) #1101 y#& EEFLVE-N-PUBH (sia-
lyllacto-N-tetraose, SLNT) . Z= T HALMIFLsh¥y, K
ZRSEREAT A R R, S AT N-L bk 4 2%
(NeuSAc) Fll N-¥2 £ Bt 22 212 (NeuSGe ) PAFIZIE Y
MR . 28 . . ShRNIS G R A R SR A
#i NeuSAc &4, EIRFEEIITLE 98% LI, Mill=EF0
HR2EFLIT PR NR LW 22 2R (NeuS5Ge ) B 1)
TR o5 IR P SR 00 LU 43 5 R 64% F1 94%PH . Fil
R R 250 Lle 7 R Rt 2R 2L =, A 2LEEhErE
70 L v ) e R TR A A R R Ak 80%, T E 43 I S5
12~24 h N, MEMR RIS HRR BRIV R 4, 7F 6 d JeUieeE
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Table 5 Concentration of the major oligosaccharides detected in human milk, goat milk, cow milk, camel milk and sheep
, - - 3 ITESAN 43 JEIEF HEFL i
N H = e P :
fea i (R, 4i%5) L (ug/mL) (pg/mL) (pg/mL) (ug/mL) (ug/mL) BN
3° 2L LTI (3°-Galactosyl-lactose, EIEN - 51.96 15.59 27.53 - [19,29,33]
3-GL) JREAFL 0.91 30-50 4.18 36.04 12.68 [33]
6 - F L FLBE (6°-Galactosyl-lactose, B - 13.84 - - - [13]
6’-GL) B - 8.05 - - - [12]
- EIEN 540 0.75 0.86 - - 26
FLBE-N-#r IUHE (Lacto-N-neotetraose, LNnT) \;; [26]
EAF 10.06~341.14 1.40 0.31~26.72 1.31 0.82 [34]
_ 1440 - 0.11 - - 22,33
FLBE-N-PUBE (lacto-N-tetraose, LNT) [ ]
L 14293 - 0.08 - - [22,33]
FLBE-N-7SHE (lacto-N-hexaose, LNH) A 20 _ _ _ _ [10]
FUBE-N-37 754 (Lacto-N-neohexaose, LNnH ) A, 40 _ _ _ _ [12]
- [UEN 2010 62.92 - - - 18
2’ BERE L FLE (2°-fucosyllactose, 2°-FL) AZ, [18]
EAEL 4312 3.11 nd 0.19 2.51 [22]
- LUEN 280 2.02 0.80 2.40 - 22,33
3 - e RL LI (3 -fucosyllactose, 3°-FL) ‘AJ [22.33]
EAE 827.6 0.44 0.36 3.02 1.11 [22]
FUE A DU BE (Lactodifucotetraose, wIF 280 - _ _ _ [22]
LDFT) AL 110 - - - - [22]
FLBE-N-45 3 8 T (Lacto-N-fucopentaose wIF 2080 - - - - [22]
[.LNFP 1) AL 360 98.59 71.17 - - [22]
FUHE-N-4 3 #0085 T (Lacto-N-fucopentaose HFL 780 - - - - [22]
II,LNFP 1) AL 270 - - - - [22]
FLBE-N-45 3 FO5 TIT (Lacto-N-fucopentaose HIFL 260 - - - _ [22]
I, LNFP 1) JRAEL 430 - - - - [22]
FLBE-N-7 3 T V (Lacto-N-fucopentaose e
2 T _ _ _ _
V.INFP V) EAF 30 [22]
FBEN-—A FUEN 1870 - - - - [22]
#7538 1 (lactoc-N-difuco-hexaose I, —
LNDFH 1) AL 650 - - - - [22]
FME-N-—A GIEN 20 - - - - [22]
75K T (lacto-N-difuco-hexaose 1T, N
LNDFH 1) ML 30 - - - - [22]
N EIEN 190 725 850 231.149.79 - 22
3’ MEVR FRFL I (3°-sialyllactose, 3°-SL) A?,, [22]
B 169.3 43.62 64.33 235.8 224 [22]
I EIEN 400 87.93 141 226.4+37.05 - 22
6’- MER PR FL I (6°-sialyllactose, 6°-SL) AZ, [22]
B 29.67 4147 20.76 51.7+3.71 - [22]
M R L £ 2L (sialyl-N- EIEN 27.32 117 - - [22]
acetyllactosamine, SLN) AL - 736 500 - - [22]
6-ME L3 - ZUBEEEZLBE (6-Sialyl-3°- e - 3.67 - - - [22]
Galactosyl-lactose, 6’-S-3"-GL) A, - 246 _ _ _ [22]
- FUEN 3.59+0.18 3.39 - - - 22,33
IR R FLIE (Disialyllactose, DSL) j, = [22.33]
B 0.09 2.19 1.67 - - [22]
MYk PR LW -N- P Hfff a(sialyllacto-N-tetraose a, FUEN - - _ _ [22]
LSTa) JAEL 10 - - - - [22]
M PR LW -N- DU Alib (sialyllacto-N-tetraose b, EIEN - - - _ _ [22]
LSTb) B 150 30.69 15.39 - - [22]
I T L -N- DU B e (sialyllacto-N-tetraose c, LIEN 170 - - _ _ [22]
LSTc) JREAFL 50 9.92 - - - [22,32]
BRIV 7LBE-N- DUl (Disialyllacto-N- LIEN - - - - _ [22]
tetraose, DSLNT) AL 366.30 284.80 - - - [22,32]
N-F& 2 B3 ph 2 R FLAE (N- EIEN - 41.88 - - - [22]
glycolylneuraminylsialylatose, NeuGcL ) T - 4532 - - - [22]
N-#2 LA 28 5 R 2 FEF LM (N- L - 19.88 - - - [22]
glycolylneuraminyllactosamine, NeuGcLN) T - 2.98 - - - [22]

TE: =" FOROFE P B RN BN AR, 80 B BN E S FL T B S % 30k
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2026 4F 7 A

FIZLYTH 2028 40%22% ) (BASYERAYIE, 3°-SL J24
FLr TR R AL i ZERE, e AZL T, 6°-SL
e S o (LY AVASRS

25 b, BRRUICRYEAE O i . gt ek B W as
LT 2 UARIRRE, X —2E 5 M R T REFLMRSR
A, W B4 LEE 7 Wk e RF8 I T 7
] T il A AR AT SE L HMOs FARS HEAR L, 5%
TR @0 2 Ao AT 28, LASREIC T Wik 51k
FLIE B R i 2EiE
3 FEE S L ERRERNE A
3.1 &HEEE

BEZUR IR AR RSO T iy — 28, vl LR A%
Gt 14 I 0] v SO AH A3 (RPLC) 4335, (B i T HAE
RP #E2 [a] a3 [E @ AH L 55 4R 88, il 2R A LA BH &S
T A AR ) B TR A, XS AR LIUK . 2 FREN
BCE MR i S AH, B SR AL RS T E A, &
PG AH R I, L shAH o S -7K PO, RS 04
JFHUT T, NS 80 H-7R 258 %5 (HPLC-RID) | =551
TRAH-28 & G AR I 2% (HPLC-ELSD) | 1= %0 AH
{o % L S A %% (HPLC-CAD) . Y1 %} HMOs #f
AT HT07, CAD K 8587 2546 I 35 2% & AR
AR B 0 RABUE, AEASIN TG/ 55 58 4 MR R LA
b RIARLF 0. A b = ARSI ES A —
RE PR, X EEZLR SR ME I 1A e e B RS, A GE
Aol B i R S, AERERLRE S e B4l L
BC 7 Wik 4 2 2= 3 b, dEFE &4 it O DR =i
RN < 3 TP LS R, LS HMOs JLA77
B, BRIOLESAAAERLE B s =R B, By ss BAnE5; &
FL A Ty A v 2URE A B8 5 i s T HMOs, i —2F
i) HI s

A e -2 K PE B3 (HILIC) 45 & 98 K 4%
(FLD) 853 — A SR &% (DAD), C sy BEFL
SR BT EE B B0 AR, i 23
i | HILIC-FLD/DAD™ k%t 45 25 2L 3 ot vh 1) B
FUREBEIAT T 2 o7, 7 R 22 AT A
5 BEZLAR SR MH 0 RS R A%, [R]AS A A HILIC X4
PERES F RSPRS00 5y BSTERR, S0 el
RS HEE B . AP0 INE MR
A A T REZLAR SRS I RE , Jcs FH R 2R RS
A G, AN 2-24 FOR L (2-AB) | 2-2 8 H R
(2-AA) | 2-FFENTEI (2-AMAC) ¥, HF PR A pHIE
FAAA S AR it S5 AE ) R A AR L R ], S8 —>
DENCERICH o HALIE AT A2 1, An2Rf < B (4-
aminobenzoic acid ethyl ester, benzocaine) 1-2K3k-3-
FA 2L S-nE IR EE (PMP) | 4-28 2K I R Z. T8 (ABEE)
AT P57 P(Girard’s reagent P) X REFL R
HAT BT AR, P EC 7 2H A% il B )
TAERCR, VPR P S I A AR T 45 AR E .
W UL IR ELFE H EE = A R AT =B, X LB AR
Py B RRE A E T T, AN SRS R AR RN, I

HAEHT BRI r=2E T8, X Res i LR SE o el R v
k.

H AT T/SAFC 002-2024 %2411 JLHC J57 FLAY Az 4
LAY T 7 PRk LA SR A s ) I A G 56 A
PEF M AR E C2E H 1T B2 4 LA £ A L FH IR i)
FLAY v Z2 PR LA SR 114 100 8 1 SR 5T )
A28 T FH 2 SRS I S A IR LA SR M, R
4k, AOAC WA FRUETT R PO CARic Y bric B2
ARERMEIEA TN E (7250 AT 3o SCREXT RS I 7 3 32F
T T AL OB IE, 40 Bénet 2519 {fi Ff UPLC-FLD
X REZUATER L)) LIC Oy FLy vh BEZLAR R WELH 3 2°-FL.
3-FL. DFL, 6>-SL. 3>-SL. LNT F1 LNnT #4744,
I INETAL PR S, (o8 S5 RV 7 TN X 7 84T T8
A&, T8 55 BB AT 35 90.9%~109%, <& & R 9 [l 4
1.5~5 mg/100 g7

£ b, kK PR el A A il AT At
FNFN PP IE SRS, A BRI RS o e 24t T
TIEEM AR SRR, B AT ARG 0 & e i Fe R
ML, 2T B S 2SR B o T T R AR
MIVEF, S REZLE SRS S N HH o
32 SHABETFRREE

=R B B RS He (i — Tk i 2 5K (HP AEC -
PAD) P2 2 gl Sy H i s AR SROMH i il s B R =2
— o IRFEARIE R BRI R A B AL A I 25 19 42
R 3R T & A SR A SR S B = A B S I N, AT 22X
BRI A A AL, I HAG IS 5 B9 R = o
HPAEC-PAD J&—F A X 2 (9 A I 4%, 5 RID.,
ELSD i i ril#t (MS) AR Eb, Uil FH VS I ge . {2 #
254 - RIS SEER SRS /)N | XA R A AN R
RET BRI BhABAE B BRI 45 Sy i (A BL s 45, G
FEZL ] S A A AL 4TI 5 P N, FE IEAEZ WAL,
SRR TR B BEE 2L )7 . 2 Eb2 AR
2T 2022 AR E T OGS TE H T R E 6 Fh
FEZLCIROBE, = P22 2] Z A ] FIGR i ATRR,
WS gk, AT LA i 20
BOPESL LR 3-A sl LI . FLBE-N- DB . ZLYE-
N PUbE, 3 -MER BRFLYE . 6 - R FLIE 6 FhHEZL
AIRERMHDY B O 22 B LA SRR 4 i A B 7
B X FREL . ZUB SR FLE S, — IO TR UTTE
A, S8 BT _EALIRE ; a0 SRAE & P 2L B AR
FECHE IS (IR S . 22 290005 . ISP
Syt AR I SR SRR . I 0y 18 2 B Tl
B2V FUVEAT Bl 2047 Il A 25 A i b ) AR IS 1+
Yoo Bl A p-2-FUBE 2 )5, vT DL 2B e 15 5
FLBEXT 2°-FL 09T, (BRIt — e REZLCRM
SAE 2% I 3 A Pl S A K SR BG4  A fi, nL
WE-N-DUBEFNZLEE-N-FT PUbE . B oyl e 5L
AR R B R — IS LAE 20~50 mg/100 g Y52
(], 1T 3 L R e A i s 2 AT [, 5 an5
G311 FL R ) BN = B = R, 3°-SL SN



5478 S 14

RACES , 45 BEFLIRIERTTCHE . Z5MRRE . RaHOAR S LA - 483 -

HAE 10 mg/100 g LA, BEFLAF B ZLACR Y & &
WART iz R, HEff BT AN aE I 2R,

B2, B R B R 22 4 4R FLIGR
WA AZ B AR 00 TR, JEHEAERIR a1
{ERER A FUBE AL Z LA SR 1Y 2 40 LEC 2L b, I
& HH B4 v, U LA ARG 5 PR A I i R, (R
AR S P RELARERNE Y S R s ), XAl A
B PeH 53 e TRl B A2 , J— AR A A 7 =X
3.3 EEEHEK

b T IEF OIS F AR, BANE Bk (CE) A HN
KL FAEH I h IIT R, S i . RS
FEShED, 2 RTEFE L, LU R 43 R ) 5y
BERE T, k)i AR AT T, FRMEREZLICEbE
A G A ey, JoRF AT HAEL: CE M2, HhrEndsE
AT 2L Ao L IO ehRic T A, IR A 136
PHLIERS o o Y HL 2 ahRic ), anfdi H 2-2 3k
WY BERRATAE, BT TR A4S F UK - 58 A M 3k W] EsHi]
RE 17 FEEZLARERBE, 76 LS 508, A5 840
Sy ESBY, BUNAE UK Sy B 2 SR OGS S 958
(Laster-induced fluorescence, LIF ) ¥, 13, 257 £
FUL B EZ TFBL . Rusin 2529 JF R IFHUE T —
FhIET CE-LIF By, X0 2LAE S b 9 = F IR SR bE
(DSLNT. 3'SL 1 6'SL) #4718 &, &P TES
%] 0.9949~0.9989 . Kl BR (5.49~16.40 ng/mL) FllxE
PR (18.30~54.67 ng/mL), i ik HfEmatEdr, A2
g JFH AR ARG T
34 EHEEIERIEEEA

B LA SROME 04 43 5 ARG DR LR T & 2% L A7 AE
[F1 43 AR AR B 5t 2 SR M BB ik . TROAH €33 - .
535, 25 - R EX BT 15 15 (LC-ESI-MS/MS ) J& 5E T 45 M
HMOs 145 IR, 78 2 b Wil (MRM) 452
T, HMO AR B AT FH [H] sl pa oG 25 7 A e [H]
Jr B, s IRy SO R AR RS o (BT
PR B T ] N AT, WFR o A W] R B AR S e
5, IXARARE A S B i o B RO . Sy
BEAAE, TG 23 B 43 S, AR A TR SE
FRAEAR L EAL0AS Sh R X B MER, Z2f LA SRk
(PGO) B AT 9ZEL HMO AR (FU i 14 2 S A A
o/ FAAA) LA 53-8, (Hd0 ERL W 00 i A 1 T 444
N T g E AT a A 2t SRR R R ER
PEA AR ST R R — 254+ LATRTAb AT, SR 255 | AR
FENEE TS . 59— PR S 5 B AR 19 7 7k
SRR &G AR C A T AR, B s R L A
R B DEC N B . BE SO AR R B3R T
AT OV 4 S B AGEI 2%, {8 FH Waters BEH Amide
Pk JHe e (A, B AL X 6 B HMOs 3547 T 05, 15248 I
HMOs BT B FARAT4 54 o

JEISIATE HMOs 38T H B AL T eh i 36
AE RN 52 100762) | fi KA TH Ta] S i Ao B A i g
B e R i i A 2190, 514, Oursel 25514 R

FEER K LTQ Orbitrap Discovery™4H & 1= 43 HE U i
WA, I-456 4 W Ze AT A (RS S g FH IR AY
AR, RIS WD B SO I v e . R AR
HER M) SEA T 9, i) Sl B LR R SR 1L T 3Eat .
AR A VR (- FL B 55 B - B AR R T
FEIEFHA AR (AIF LC-ESI-IM-MS) J&=—Fh &5 T 45
FF A (AIF) . WAH S (LC) . M55 8571k (EST)
R B8 BE BT i (IM-MS) B PUZE S HT R, Has =47
PR w2 Yk ST e )1, AEE AR
43 T FRAE AT R 0 31 A M (. . Gonsalves
451631 Sakaguchi 45191 Chen 2517 X 200 £ FhHEFL
(RERBEAT T A FRAE . FEE ST S HER A WA R,
SIS ARAE SR R ST B B TR B Ry Tz 08700

X LA B AR ST B AT, S B AR
TR — BEAG I AT T A, B R RE SR L A
P EEZUARERMEFRZS | 4P B . AT AR R A (o i A 4
AR fE BT T 23, I BX k3 T T A A PE
Hr, Gi—IHNZE K 6.

B, X T RS R vk =, s T
RSO TS - DAL | BT sk . Wk, iX
LEAREAR G ARSI - B, MS J2 H AT g iR
TRBHAIN T8, ] PAZ 2] 53 [RIRHNAE, 4387 =445
¥4, IR A FNEEZUAR TR BB 4544 5 1 B8 T 513245
FIBEZE 2R, R ISR, I B R 5%
IV WA LR DS AR 1=y, T AT S By 17 B
AR A B A T E o v ORI
R L) S AU R S, X R AR SR P BRI
SRBHOASIN AR S s, 7B ) TS g 2 X B LA SR
M H BRI, B, SRR A -SRI s T A
Sy H 45 SRS 00 B e H R R vk . SR,
PP R A A RIS A T X )
FESHPUARIE | 048 LA B S0 00 35 25 A 2R A TR R 15
AT ARSI 795 o
4 HIEBENINGEURERMTHINA
4.1 BIIREFENINEE

FEFLAR IR BHAE 0 EZL W DIRE T B I Fa 5, XA
PR s A R 22, JUIHAE BEL)) ) AR Oy T R 4245
YEH . FHAZ.COIIHEFEISEVE 5 BB AR . S Be i, 552
IR TR M AR REGE R B R IT:

4.1.1 FAESFEN 24 99% 1y HEEFURRBE (HMOs)
Al oEREE Lt FIHAGIE, PRIOCMELARE B R AR i
T ELIR LS 17, IR A e A 9 (AU AT B T
R & B IS, v H OUHSE R ) 2 4k
YRS HRIRP 7, XL gs A PRE T R I HMOs 772254
BENGIHTE (SCFAS), UNZFR .. T FRFIPART ), FEREAIR
Wil pH, =51 R ILE SRR R e s b S
ST, 7R RGeSOV SR BB A
WAERF T HMOs 2 HEAE D REAAZ LSl [A]
A, 3225 T HMOs 19 PR A8 i Z P LR 325 1 3= 18
B AT A st R E IR S BIE RS
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Table 6 Methods for the detection of human milk oligosaccharides in milk and dairy products
A=, 3 }/T\““ 18 .
TSI Kol PETIERITE it it TRk S50k
3 e . Acquity UPLC BEH i@ VAR B R o (E T4
ﬁ%&g;ﬁ SZL F3L,_‘SSLF]££\£;E]“L‘£IIT UHPLC-FLD 2-AB  Glycan(1.7 pm, 2.1mmx BREZFE MG ILER A —E  [39-40]
e : 150 mm) {34 OISR
2°-FL, 3-FL, 3’-SL. 6’
SL, LNFP I . LNFPTI, ACQUITY UPLCEAMIE oL — T
3 LNDFHI . LC-MS/MS / (2.1 mmx100 mm, 5%;‘; Eif%%;ﬁ?ggj@%mﬁ [45]
LNnH. DSLNT. LSTa. 1.7 pm) ’ ! =
LSTb, LSTe
wr . i . . Acquity BEH Glycan ~ ZBFSC AL T 2-AA | 2-AB, AMAZL
%?\JL;E K ZSLF LL‘SFFPLI‘ 3LNSFLP % LC-MS/MS 2-AA (1.7 pm, 2.1 mmx150 mm) 3FPTAR], 257 T R REZLARREEN  [46)
o ‘ ‘ ik ERTIE
Hvoercart fuppy S T AR it 17
13 3°SL. 6'-SL HPLC-MS/MS L oo Lo s oy LB G, 2 S E  (47)
s S PRI R DT s
2'-FL. 3-FL. LNT N i
) : > O Al A SR AR (A 2 S, T
o LNnT, LNFP-I, LNFP- T\t‘l:rfnometer Hypercarb (4, S B S R L 1R
S5 II, LNFP-V, LNFP-VI, HPLC-MS/MS / i+ (100 mmx2.1 mm, iy A A E N [49]
NDH.I. LNDFH.II 3 um) REFLACEME . IR 1AM ) A
e s FLARIFI W B REFLAP RS 25 52
L ) . L TSR ABRTA, 22 2F =L
7y N N1
KT L 1ajijiﬁ{i§¥afi:§2% UHPLC-FLDHPLC- Aciuil(tyl ?Eic};ylﬁ':n;ﬁm B5HIE T2 ABRRIC A SEMETERI 25 L 30
S oro) : MS/MS - 150 1) FAEHE RO IR (30]
86%~120%2 [d] .
DIONEX .
g TN ARG R T
B4 LB 2°-FL, 3-FL, 6°-SL, 3’- CarboPac PA-14p i (itfkt /20 207 e ha T
FMAD  SL. LNTAILNAT HPAEC-PAD [ (250mmxd mm) AR EE ‘&%;?Lﬂﬁzg@jﬁﬁfimm (31]
(50%4 mm) o o 00
Girard®s Vaters Acquicy UPLC BEH % J5 A FH 5 R iR Px £ 2L A
AL 2FL HPLC-MS/MS rar ; Amide A PP FLUAFIEIRSE, MRt [39]
reagent (100 mmx2.1 mm, 5 pm) A2 B AT
L. 3-FL. DFL Thermo Fisher Scientific ~ ANJ7 i LIZRAE A B AARCIH, LAt
Mo LBy y _ Accucore 150-Amide-HILIC P&RGEA3d JF50, Kl 7p-HF ZLAG SR
w003 LNTHI UHPLC-UV-CAD  benzocaine ™y e skt (150 mm 4, [HUCRO1%~108%, Heiiears D)
2.1 mm, 2.6 pm) F U PR R B3 T
I AR T 2 € - A B T R -
7 (UPLC-cIM-MS) F AR X AFL AL
B ARk Eﬂ’rﬂu‘*@ﬁ%*&i&ﬁT#ﬁH&i& i
3. 4L 2°FL.3°-SL. 6'-SL.  UPLC-Cyclic IM-MS. Waters ACQUITY BEH ﬁg%ﬁ JAERBEUPLC-MS/MS /7
T LNT. LNoT HPLC.MS/MS / Amidefa iR (130 A, 3%, XEAZLH 9 HFMER B (HMOs) [56]
géfm‘ : 100 mmx2.1 mm, 1.7 pm) BEATERESMT. & BLERAR e S o
= FEFURRBE N -E & B A A b2 5
TR, BRSO A PR
FRA-FUBER A3 -SL,
Thermo Scientific
Y g 146 33 [
LNFP I, LNFP V. LSTa. ZE2k KLTQ Orbitrap Hypercarb column ITE IR T R ) g ﬁ)"‘l_’la A "
S BEEL 3SL.6-SL. 2FL. 3. Discovery™4LA ik , (2.1 mmx100 mm, 3 pm) (RPLC-MS/MS) FIZ LA LAk (1 51
h FL LNT*HI;NDFH\II ﬁ%g%%ﬁfnﬁﬁ%(n Thermo Scientific Hypersil B (PGC-MS/MS), St dtkEzl, (51]
; ™ ” GOLD C8{fjtE B AR R,
(2.1 mmx150 mm, 1.9 pm)
JICRE UHPLC-ESI- Waters Acquity UHPLC SR FHVURAT RATHS (I BTi%, Xt ZFh 2
NI YL Z R MS/MS(LC- , BEH Amide SERFIEAT T ST R TRANNY LA 19
sl Yeriz 30A+Triple TOF 8 HEE (100 mmx2.1 mm, T ARFEEL S i smmr 1
I 5600+, AB SCIEX) 1.7 um) K F A as k.
2-FLL3-FLL 3-SLL 6 0 5500 TN T I ) LR Tk v 14
SL. LNnT, DF-L, LNB, lﬂ%’(ﬂ‘ By %}E ACQUITY UPLC BEH  {REMERRIN I i, 1205 vl £ 1
2 )LEE )55 LNFP-I, LNFP-II, LNFP- #1290 Iﬁﬁzit ‘ﬁﬁ%l / AmidettiB%HE (2.1 mmx  JUUER 1, BIALFRME R, TEHRATE, 73 [57]
V. LNnH. LSTa. LSTb. i @PZ& ™ 150 mm, 1.7 pm)  WPHEVEL, A2 ARER LIRS A
LSTc = F Tk
2°-FL. 3°-FL. 4’-GOS.
aml (e o 3 -GOS, 6°-GOS, 3°-SL.  Thermo Fisher HEN T AT [ E 15 BRGSO
ﬁﬁgﬂﬁiﬁ 6’-SL. LNT, LNnT, Scientific Ultimate ﬁcgug;ig(’;cl BE}i R Ty, e A [ BE LA 11-72
X;;?L) LNFP-I, LNFP-IT, LNFP- 3000 RSH & H0RA (= m; of) mfl o ﬁm“;m HMOsH & it 22 5, Wigenizliy | ]

V. LNDFH- I , DSLNT,
LSTc

X

HMOs48 4k

T /" FRTNE.
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7 25 BRI . & e A= 28 B st ot (gl
JHe )OS JURF BRI U BE = A B AR A A AR . IR
JESZ, HMOs 14 2 25 JCRON RE b 3 20 AF = ik 61.5%
P8 LI i A= R Es AR ), BRZe i U i it
IEENT. o

4.1.2 Y fbcEbERE  RERLICRAEXT 2240 ) L B
R PR E P 32 AR A A4 17 18 B B ) S 3 R FTRRAIR
TEIEEE TR T B R LA B E T ) 4uE,
AR | B A ST, 336 5 A A S 2 i (] (o) 42
B, D AR B, BEAES RS KBS, X
IR A R M BE AR 3R CRIZE S8R, il
SIS G 08 35 AN T A RS SRBELE A,
W SEERR 2 | A IR s | Rk . BEFLAIR R BEAE

RS IHAZ A 5905 R PREEAE 2R A5 6, A7 AU BEA I A
X1 35 AN A R R, T B AR5 s 2 AR I XU o -
1,2 2 BB 1 2 4 1) BR LA SROBI & S B 1 15 TH A2
o AUFFERM, a-1,2 A Ebiir s o 2L R
W REA 2 SH T e E0pG TR PG 233 10 Ja Y, MUITT A fIR SR
JUETE kA3, il 2°-FL GEAT RAm i 23 i 25 ith
FREETEMAR NI E A, & —FhEED | R 2 L™ EE TS
R . AN, BEFLP A S & B LNDFH B, #f
RIS RENE VS 1Y) e A AR L
4.1.3 s BEFLIRERME AT EE AMARTEER, )4
B LA s R G G B, R HOE ST Th1/Th2
GRPEN B B A L s RGEAFAE Thl 16 M
fIG. Th2 7E ML RRRL, 55 | &4 R il (CM-
PA)Z5 ik B I N, T HMOs BERIUB AT 1L T 41
ffay=A:HE 22 Thl BUARMEEN -, (e dEGes R G115, [
(IR RE IR BRSSP SR A G RE V15 AN
BFRFENE NS 7 26 (NEC) J7 TRIVE i 55, Beifay
b R AN AN SR AN S, Yk /b ae R AR R I IR
TEANNE Ak, MR = JLH DL B 7 TE 5 NEC
FA XRG4 86]
4.1.4 MERET BEFUERNE(G 2R R &
FLARERBE )t e A AR 2 1 B2 87590, mEe v R 1k
P REFUARER ML B W Pl i A 2B M 2 (NeuS Ac),
NeuSAc 7E/MNa IR BIFRE, 25 G i 22
JLNG 2 88 A0 38 S B 2 A0 M R PR R G (R Yt
JIi ) AN PR A B 11, SR i Ak afin iy 5 [ 1 At
PR RS FE RN . UK, S5 AN B AE S HMOs Bif
FEA AR, Pl £ R AL B RN S T RE I
KK B, A5 WS, 2°-FL WA 53R & 5 1Y
FEFHPO21,
42 BIEBEEERPHNA

24, BEZLCIRAE A I LA TR B8 < s ) 32
FHA Y AT RE M ARG AL Jy ik, A0 0
JHATIE AT S B2 4 ) LB 7 0585 o
4.2.1 BECHT I EEZLARSRMELFH I EIR S5 PkR: Dihe

B 2ERE R O AR EOR TP, (BB T S
FEFATIRAFAE E R AN, 5 AR EAE 2R TR F ik 5
o BYILECT W Z 4 SERN 3R, — 2
in T BRSPS 224l LU P AR T BR Y
JUFZEAY, BiA ThRuEZREL ) LB T Wy s B UL ERBE Y
e BE N 2R I R L Hou 2519 3R ] UPLC-
Cyclic IM-MS #1 UPLC-MS/MS 771, Xf AFL. 4
Fl. R ASEIR BB LBC 7 WAy v R R
M (2°FL., 3°-SL. 6°-SL. LNT. LNnT) #4757,
A R EEZLA &R 5 FMIRERRE, {H 2B A
#| 3 #1(3°-SL. 6’-SL Flfgi LNnT), M54 A,
FLrp FEZ L M (2°-FL) 2 3=, 2440 ) LB 7 95y v
LIRS AR IR B (3°-SL. 6°-SL) N ==, 5 Fh{ERER M
AL P B AN LB ki) 48 fi%, Hodh 3°-SL. 6°SL
1 LNnT 435009 3. 25, 188 1%, 22 5 AE# 30451,
X R B G HMOs BYB 432 fiE Chnn
WAL HMOs BURPIZE & T SCRE), RIS T 25 sl
1t HMOs JCHENY “ G5 BT F e 2815 2Rk

Hwk 2zl 54 NIRZE A JohXT e =, s
B R LI L Wk AT SR S I AR e 2L
HE(GOS) AN (FOS) , T H S5HFF R I Z
3T B EE FAE UM SR AL B ZL AR SRR 1 2R ) 243K
R, fH GOS Fil FOS F-AfrtE T AFLH . GOS fE
FHWI AR BN TG ThRe.  [RlR), 224))
JLRIEEHEA e E A SSZL M I 1 I (a5 2 b v
TERUSAIAST LY, Kk, A HMOs 22tk 2
Bt GOS/FOS J2&FH 2R Ay BRe M i bRk
422 FETINRERINAY HMOs BHRTE: Ry
FCAWIT A SRS, AN BA—AY HMOs BES N, T 2
WRYE BRI TRHAE Bl . BN, SR sm b /Eg
e, AT ER S HN 2°-FL 48 A3k HMOs; =2
Frrp &, WAtk 3°-SL ZEMER iRtk HMOs 14
LAl

M A PEAR B TR ST A EETIE . BT AZ
FIRESR LRI | DR AFEESAIHL DX A s, BEZLAIGER
VRIS B B 2ES . LT, 224 LB 03
Bk ARG RS, J-Zead pruifb i Tolk R, #fafr
TREMNEFENGr. B EARBC Ty, AT SCI A v
MBS T BN, s3I R S R LI 2R 4l LS
EARIYER, G5ES A AR TS, %
FEST I ALY SRR T A B2 L, T RERT ARSI M HE
BN FE RN, LIAE| S50 A ZL P R 2 0 25
AT . BRibZ A1, AEEEFLEAMARZE R S B IER
PHRAAN R AIEOL T, M FesR b 2L 45t
A LIRS LR 71 R B A [ Y R .
4.2.3 AEFFEARGHE . LA RS AR SR 193
A ITAEK, BEE M T AR . b S T2
Azp7 2°-FL., 3°-SL. 6>-SL, LNT. LNnT Fl DFL %HX
BT HERFAREH ., HMOs ZEE 5 P I FHBFSE
A, X4 2 LE TR TR T R AR



- 486 - £ Tl B4

2026 4F 7 A

1k, 4N Glycom A/S. Abbott Laboratories. Glycosyn
LLC, Inbiose. Jennewein Fll GeneChem %5 JLZZ A\ Fl
BT T RMSAE X8 HMO HIRE ). #iEH
A, 3% E RS B 284kl 2°-FL . 3-FL, LNT., LNnT.
3°-SL. 6>-SL K 2°-FL/ A stz (difucosyllac-
tose, DFL) R G 143 7 FREZURSBEAOMEH . SEEE
HEUE T FLPE-N-24 38 7L ¥ 1 (lactose-N-fucopentaose
I, LNFP-1)/2°-FL R U719, b 2016 4FEFHF 46,
] PN Aok B 22 X B i B2 LATR SRR g 22 4y LWy 7
A AW EERY, AEFRE, R B AL TR
R PREL SE IR B L SR G BE AR AR SROBE 1 5 K
(ER A= W Al i R s P 22 BRI T BTSRRI 00 v
A, T AR AR S ZM e i S AR B TR AN 58 3%
SE Y SREASSPAfl R] R A 7 T R FRe
Z—o BN, Bk A A% 6°-SL e 3°-SL A 5, iX
SRR a-2,6 MR R ARG S N 3 RN 0-2,3 B
42%, B2 6-SL Ay PERAR, WHFE H AR 2™
2 3°-SL. HIR, A& kA HMOs (9%
PP FNE RS A 155838, H AR S o AHDCHE
FENAXT BEFUARIRBE AT T RGNS 2 A PEST
Jei, S DIAZET 2023 45 10 H B2AT T 27 A Bl
FUBH(2°-FL) FIZLBE-N-HT DU (LNnT) J8 A £ 37
SRALFI A4, AT T 2240 LBC 7 B . PRIy
ULEEHD) DA RFR R B2 R B LI 7 B o THAY
H9 2°-FL. 6’-SL S A BEZLSRPEA AR TE A b, R
il TP E RN o BEFURERPE R ali A ds 2 29 % e
A RIER, S Al i AR B i B 2220 2R
AR, VZATREE T R T AR A . AR AR IR
G5 TERIEM—LEVE] o R 043k S [a] R 23 il B
FURIRBE “ AN SR RT3

2 BT, ASRNARFEEIEAFT HMOs A= ¥)65 lid%
AR, Ao @Rz M e 0 R S A i Akl il 591, [)
B, AT A L2 41 HMOs 3t} . BEZLIRTR 1 22
2 LEC )y kb i B 2t Tl ke, B TR
A PR A IR O HE D), BEZLARSRBE R S
FEITEAEMIZEAR RS,  RPR RS2 22U IO Zc &
AR RN EFEAN TR AF 2 T i, B 1)
FHT RS R
5 Hip5RE

BEFURERAAE R REZL R A i — 285 2 IR
B, X AZREL LA KRB RS T AR E
YEM . TERRZLARSRBEA A Re A Ty T, AR ARZLEh
FLA AR 5 AFURSERPEAISTE S i Ll Rk
AR 25 5, BEFLAVE S B LEC T Wik it < 4
rdE”, BEFLASRBE SR D o — R i ads, It
HXFTHE B B v B LB = SR B LATERBE, 51
A EEZUARSRME 0 22 401 JLTC 7 ZLA 2 AR 4 i #7571 -
TN B R LA 2, AR AN R MRS R AR (9
BEFURSPE S S A2, HoAT 29 pr e, 2 ke
ITFUBSEAI R IETT 6] o AEASIM AT T T, 120K

ARG - DAL | BT gk | WIBTE, IXLEHR
ARG HRASIN F-Be . FEE R FLIRRPES A 2R
TSRS, WFFE T S5 B3 s B 1 O Bl A
JRE H s B AZA0E (NMIR) SRR AR IR FLAR SR, R4t
BRI P E R AR i) BEE i S5 AR Rt 2 REF LI
SRMH I IR ) — DRk . FELIREFNSSHA T 1A, AR L4k
INERST B AR SRAHR DIRE, (BB E LSS
SRR o N5 WREZ LR SR A A SR TR A
AR T A PSR IIAZ L o AR BETR SEMIXLEH AT
B, JEPRGE HMOs A8 g Jil 537 A2 18] KRR A2 1)
PS8

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution Li-

cense (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 3k
[1] FERE&RAFERFEL KR (HMOs) 09 #+ 5 2H
(7], B & & 53k, 2023, 23(6): 452-457. [ Chinese Society of
Food Science and Technology. Scientific consensus on human milk
oligosaccharides (HMOs) [J]. Journal of Chinese Institute of Food
Science and Technology, 2023, 23(6): 452—457. ]
[2] JOHNS, PAUL W. Determination of residual protein in com-
mercial human milk oligosaccharides[J]. Accreditation and Quality
Assurance, 2021, 26(6): 261-269.
[ 3] LIU Fan, van der MOLEN J, KUIPERS F, et al. Quantitation
of bioactive components in infant formulas: Milk oligosaccharides,
sialic acids and corticosteroids[J]. Food Research International,
2023, 174: 1135809.
[4] BE®R,MRERE FAC, F HIUKRBO LRI F
A5 4R, 2021, 21(8): 369-390. [ YANG Baoyu, ZHAO Jun-
ying, QIAO Weicang, et al. Research progress of human milk
oligosaccharides[J]. Journal of Chinese Institute of Food Science
and Technology, 2021, 21(8): 369—390. ]
[5] &2, §—%, Foes, F. BIURESL B UM E 6 A4
%Mk & (7). A e A, 2021,42(13):319-325. [ YUAN
Huizhi, XUN Yiping, PU Xiaolu, et al. Progress in understanding
the relationship between human milk oligosaccharides and infant gut
microbiota[J]. Food Science, 2021, 42(13): 319-325. ]
[6] FAL BREH, Tk, 5§ FHRRBEG LM AR
BEFZ ] FES I, 2022,50(12): 34-38. [ DONG
Renhua, TENG Guoxin, WANG Xiaojie, et al. Study on structure
and function of bovine milk oligosaccharide and its development and
application[J]. China Dairy Industry, 2022, 50(12): 34-38. ]
(7] #ds, R A, F &%, 5. FBFIURRAEG AT LR Ao
AR T]. $L A5 53 K, 2016,39(3): 33-38. [ WEI Yuan’an,
ZHANG Lijun, ZHENG Huiling, et al. Recent progress and current
status of studies on human milk oligosaccharides (HMOs) and their
application in China[J]. Journal of Dairy Science and Technology,
2016,39(3):33-38. |
[ 8] VAN LEEUWEN S S. Challenges and pitfalls in human milk
oligosaccharide analysis [J]. Nutrients, 2019, 11(11): 2684.
[9] NAVARRO-ESTEVE V, ZOCHNER A, ROCA M, et al. Si-
multaneous screening and quantitation of human milk oligosaccha-
rides by liquid chromatography: Mass spectrometry[J]. Carbohy-
drate Polymer Technologies and Applications, 2025, 9: 100644.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.foodres.2023.113589
https://doi.org/10.7506/spkx1002-6630-20200605-072
https://doi.org/10.7506/spkx1002-6630-20200605-072
https://doi.org/10.19827/j.issn1001-2230.2022.12.006
https://doi.org/10.19827/j.issn1001-2230.2022.12.006
https://doi.org/10.15922/j.cnki.jdst.2016.03.008
https://doi.org/10.15922/j.cnki.jdst.2016.03.008
https://doi.org/10.3390/nu11112684
https://doi.org/10.1016/j.carpta.2024.100644
https://doi.org/10.1016/j.carpta.2024.100644

5478 S 14

RACES , 45 BEFLIRIERTTCHE . Z5MRRE . RaHOAR S LA - 487 -

[10] CHEN Xi. Human milk oligosaccharides (HMOS): Struc-
ture, function, and enzyme-catalyzed synthesis [J]. Advances in Car-
bohydrate Chemistry and Biochemistry, 2015, 72: 113—190.

[11] TAO N, DEPETERS E J, GERMAN ] B, et al. Variations in
bovine milk oligosaccharides during early and middle lactation
stages analyzed by high-performance liquid chromatography-
chip/mass spectrometry [J]. Journal of Dairy Science, 2009, 92(7):
2991-3001.

[ 12 ] XU Gege, DAVIS J C, GOONATILLEKE E, et al. Absolute
quantitation of human milk oligosaccharides reveals phenotypic
variations during lactation 1[J]. The Journal of Nutrition, 2017, 147
(1): 117-124.

(13 ] FRRE, B33, AWM, 5. B JUKRAE 69 18 AR 5 1R b
A AR R [T]. & se A 52,2021, 42(19): 379-387. [ CHEN
Qingxue, SHI Fengyi, ZHAO Lina, et al. Recent advances in in vivo
metabolism and in vitro synthesis of breast milk oligosaccharides
[J]. Food Science, 2021, 42(19): 379-387. ]

[14] SOYYILMAZ B, MIKS M H, ROHRIG C H, et al. The mean
of milk: A review of human milk oligosaccharide concentrations
throughout lactation [J]. Nutrients, 2021, 13(8): 2737.

[ 15] MARTINEZ-FEREZ A, RUDLOFF S, GUADIX A, et al.
Goats’ milk as a natural source of lactose-derived oligosaccharides:
Isolation by membrane technology[J]. International Dairy Journal,
2006, 16(2): 173-181.

[16] BEF, BHRK, WK A, F. FELFPIRBBERAEHE
PR R [J]. LA F 5 R, 2024,47(6): 60-69. [ YAN
Siyu, SU Xinran, LIN Dawei, et al. Research progress on the com-
position and bioactivity of oligosaccharides in minor species
milks[J]. Journal of Dairy Science and Technology, 2024, 47(6):
60—69. |

[17] #xif, Adhdh, TR, F. FAURRER LT F AR
Herr R R [T). 2 aeFh 3, 2024, 45(17): 296-305. [ YANG Jing-
bo, ZHAO Jingjing, WANG Yuqi, et al. Research progress in
oligosaccharides in goat and non-goat milk[J]. Food Science, 2024,
45(17):296-305. ]

[ 18 ] BODE L, JANTSCHER-KRENN E. Structure-function rela-
tionships of human milk oligosaccharides[J]. Advancesin Nutri-
tion, 2012, 3(3): 383S-391S.

[ 19 ] LU Yu, LI Cheng, LIU Jie, et al. Alteration of the goat milk
glycoproteins N/O-glycome at different lactation stages[J]. Food
Chemistry, 2021, 342: 128221.

[20 ] VINJAMURI A, DAVIS J C C, TOTTEN S M, et al. Human
milk oligosaccharide compositions illustrate global variations in ear-
ly nutrition [J]. The Journal of Nutrition, 2022, 152(5): 1239-1253.
[21 ] WANG Yanfei, ZHOU Xiaohong, GONG Pimin, et al. Com-
parative major oligosaccharides and lactose between Chinese hu-
man and animal milk[J]. International Dairy Journal, 2020, 108:
104727.

[22 ] WANG Haiyan, ZHANG Minghui, HUO Yucui, et al. Com-
prehensive investigation of milk oligosaccharides in different mam-
malian species and the effect of breed and lactation period on sheep
milk oligosaccharides[J]. Food Research International, 2023, 172:
113132.

[23 ] URAKAMI H, SAEKI M, WATANABE Y, et al. Isolation
and assessment of acidic and neutral oligosaccharides from goat
milk and bovine colostrum for use as ingredients of infant formulae
[J]. International Dairy Journal, 2018, 83: 1-9.

[24] RUSIN M, WOZNIAKIEWICZ A, GOLAB M, et al. Devel-
opment of a capillary electrophoresis method with laser-induced flu-

orescence detection for the characterization of oligosaccharides in
human milk [J]. Monatshefte Fur Chemie, 2024, 155(8-9): 825-834.
[25] MANTOVANI V, GALEOTTI F, MACCARI F, et al. Re-
cent advances on separation and characterization of human milk
oligosaccharides[J]. ELECTROPHORESIS, 2016, 37(11): 1514—
1524.
[26] AZAD M B, ROBERTSON B, ATAKORA F, et al. 'Human
milk oligosaccharide concentrations are associated with multiple
fixed and modifiable maternal characteristics, environmental factors,
and feeding practices[J]. The Journal of Nutrition, 2018, 148(11):
1733-1742.
[27] CHEN Qingyan, MUEED A, ZHU Liuying, et al. HPLC-
QQQ-MS/MS-based authentication and determination of free and
bound sialic acids content in human, bovine, sheep, goat milk, and
infant formulal[J]. Journal of Food Science, 2024, 89(7):4178—
4191.
[28] R 2, B E, 2k, & FHLBFARREBLER L2
B R w9 B R B R [J]. & & A #2024, 45(24): 302-315.
[ ZHANG Zhuoxing, XU Huihui, LTU Ruwei, et al. Research
progress in compositions, contents and functions of oligosaccha-
rides in breast milk and cow’s milk [J]. Food Science, 2024, 45(24):
302-315. ]
[29] WICINSKI M, SAWICKA E, GEBALSKI J, et al. Human
milk oligosaccharides: Health benefits, potential applications in in-
fant formulas, and pharmacology [J]. Nutrients, 2020, 12(1): 266.
[30] THOMSON P, MEDINA D A, GARRIDO D. Human milk
oligosaccharides and infant gut bifidobacteria: Molecular strategies
for their utilization [J]. Food Microbiology, 2018, 75: 37—46.
[31] BEF, HmIE, #H, 5 485 U S ASUVIR R B
SR [T, T B 5 # 4, 2023,29(5): 51-54,61. [ SHENG
Wangtao, YANG Lifei, XIE Xiaoli, et al. Comparative analysis on
yak milk oligosaccharides and human milk oligosaccharides[J].
Food and Nutrition in China, 2023, 29(5): 51-54,61. ]
[32] JIANG Yishan, SUN Tianrui, LIN Yihan, et al. Is it possible
to obtain substitutes for human milk oligosaccharides from bovine
milk, goat milk, or other mammal milks?[J]. Comprehensive Re-
views in Food Science and Food Safety, 2024, 23(5): €70018.
[33] ZHANG Lina, LIN Qiaran, ZHANG Jinyue, et al. Qualita-
tive and quantitative changes of oligosaccharides in human and ani-
mal milk over lactation[J]. Journal of Agricultural and Food Chem-
istry, 2023, 71(42): 15553-15568.
(34 ] W7, 7 b, 28, 5. 48 JA0RAD &Rk ik 2 A AL
12 A AR T AE (T, & & A5, 2018,39(4): 138-143. [ CHEN
Xinxin, LU Jing, LIU Lu, et al. Determination of 12 oligosaccha-
rides in human milk by ultra-performance liquid chromatography-
mass spectrometry [J]. Food Science, 2018, 39(4): 138—143. ]
[35] 2@, i, 5K, . F5LFARRAEA N 5 & & o) s 4F
ey B R R [T]. 5Lk A F 55 H K, 2024, 47(6): 51-59.
[ WANG Yugi, YANG Liu, ZHANG Tong, et al. Recent advances
in the composition, preparation and functional properties of goat’s
milk oligosaccharides[J]. Journal of Dairy Science and Technolo-
gy, 2024, 47(6): 51-59. ]
[36] AUSTIN S, BENET T. Quantitative determination of non-
lactose milk oligosaccharides[J]. Analytica Chimica Acta, 2018,
1010: 86—96.
[37] HASELBERGER P, TIAN Fang, ERNEY R, et al. Method
for the determination of 2'-fucosyllactose (2'-FL), 3-fucosyllactose
(3-FL), 6'-sialyllactose (6'-SL), 3'-sialyllactose (3'-SL), lacto-N-
tetraose (LNT), and lacto-N-neoTetraose (LNnT) by high-perfor-


https://doi.org/10.3168/jds.2008-1642
https://doi.org/10.3945/jn.116.238279
https://doi.org/10.7506/spkx1002-6630-20200925-315
https://doi.org/10.7506/spkx1002-6630-20200925-315
https://doi.org/10.3390/nu13082737
https://doi.org/10.1016/j.idairyj.2005.02.003
https://doi.org/10.7506/spkx1002-6630-20231031-267
https://doi.org/10.7506/spkx1002-6630-20231031-267
https://doi.org/10.1016/j.foodchem.2020.128221
https://doi.org/10.1016/j.foodchem.2020.128221
https://doi.org/10.1093/jn/nxac027
https://doi.org/10.1016/j.idairyj.2020.104727
https://doi.org/10.1016/j.foodres.2023.113132
https://doi.org/10.1016/j.idairyj.2018.03.004
https://doi.org/10.1093/jn/nxaa427
https://doi.org/10.1002/elps.201500477
https://doi.org/10.1093/jn/nxy175
https://doi.org/10.1111/1750-3841.17161
https://doi.org/10.3390/nu12010266
https://doi.org/10.1016/j.fm.2017.09.001
https://doi.org/10.3969/j.issn.1006-9577.2023.05.010
https://doi.org/10.3969/j.issn.1006-9577.2023.05.010
https://doi.org/10.1111/1541-4337.70018
https://doi.org/10.1111/1541-4337.70018
https://doi.org/10.1111/1541-4337.70018
https://doi.org/10.1021/acs.jafc.3c03181
https://doi.org/10.1021/acs.jafc.3c03181
https://doi.org/10.1021/acs.jafc.3c03181
https://doi.org/10.1016/j.ab.2006.11.010
https://doi.org/10.1016/j.ab.2006.11.010
https://doi.org/10.7506/rykxyjs1671-5187-20240729-072
https://doi.org/10.7506/rykxyjs1671-5187-20240729-072
https://doi.org/10.7506/rykxyjs1671-5187-20240729-072
https://doi.org/10.7506/rykxyjs1671-5187-20240729-072
https://doi.org/10.1016/j.aca.2017.12.036

- 488 - £ Tl B4

2026 4F 7 A

mance anion-exchange chromatography with pulsed amperometric
detection (HPAEC-PAD): First action 2022.04[J]. Journal of
AOAC International, 2023, 106(5): 1237-1245.

[38] GU Fangjie, WANG Shuang, BEIJERS R, et al. Structure-
specific and individual-dependent metabolization of human milk
oligosaccharides in infants: A longitudinal birth cohort study[J].
Journal of Agricultural and Food Chemistry, 2021, 69(22): 6186—
6199.

[39] CHATZIIOANNOU A C, BENJAMINS E, PELLIS L, et al.
Extraction and quantitative analysis of goat milk oligosaccharides:
Composition, variation, associations, and 2’-FL variability [J]. Jour-
nal of Agricultural and Food Chemistry, 2021, 69(28): 7851-7862.
[40 ] HAN Ying, MA Haorui, LIU Yingli, et al. Effects of goat
milk enriched with oligosaccharides on microbiota structures, and
correlation between microbiota and short-chain fatty acids in the
large intestine of the mouse[J]. Journal of Dairy Science, 2021, 104
(3):2773-2786.

[41] CHEN Yihan, WEN Yuxi, ZHAO Runfan, et al. Human milk
oligosaccharides in preventing food allergy: A review through gut
microbiota and immune regulation[J]. International Journal of Bio-
logical Macromolecules, 2024, 278: 134868.

[42] AUER F, JARVAS G, GUTTMAN A. Recent advances in
the analysis of human milk oligosaccharides by liquid phase separa-
tion methods[J]. Journal of Chromatography B, 2021, 1162: 122497.
[43] DELEOZM L A, WU Shuai, STRUM J S, et al. A quantita-
tive and comprehensive method to analyze human milk oligosaccha-
ride structures in the urine and feces of infants[J]. Analytical and
Bioanalytical Chemistry, 2013, 405(12): 4089—4105.

[44] YAN lJingyu, DING Junjie, LIANG Xinmiao. Chromato-
graphic methods for the analysis of oligosaccharides in human
milk [J]. Analytical Methods, 2017, 9(7): 1071-1077.

[45] ELLINGSON D J, RUOSCH A J, FOSTER K L, et al. Anal-
ysis of six human milk oligosaccharides (HMO) in infant formula
and adult nutritionals by 2AB labeling and quantification with
HILIC-FLD: First action 2022.02[J]. Journal of AOAC Internation-
al, 2022, 106(1): 112-126.

[46] BENET T, FREI N, SPICHTIG V, et al. Determination of
seven human milk oligosaccharides (HMOs) in infant formula and
adult nutritionals: First action 2022.07[J]. Journal of AOAC Inter-
national, 2024, 107(2): 286—302.

[47] TONG W F, YANG G L, YE W H, et al. Establishment of a
mass spectrometry method for detection of human milk oligosaccha-
rides based on derivatization reaction[J]. Journal of Chinese Insti-
tute of Food Science and Technology, 2021, 21(7): 283-290.

[48] MOLNAR-GABOR D, LENGYEL M, KRONGAARD T.
Rapid method for quantitation of seven human milk oligosaccha-
rides in infant formula and premix [J]. Carbohydrate Research, 2024,
541:109149.

[49] &, 2T, MR, 4. SRR & EAm B4 L
B Rt 7 A B AR I]. & %4 R ZH0 IR, 2023,
14(24): 72-79. [ GAO Fang, WANG Longfei, BU Hanping, et al.
Determination of 7 kinds of human milk oligosaccharides by high
performance liquid chromatography with fluorescence detector[J].
Journal of Food Safety & Quality, 2023, 14(24): 72-79. ]

[50 ] PERNA V N, MEIER S, MEYER A S. Enzymatic produc-
tion of a suite of human milk oligosaccharides directly in milk[J].
Enzyme and Microbial Technology, 2023, 165: 110196.

[51] DEDON L R, HILLIARD M A, RANI A, et al. Fucosylated
human milk oligosaccharides drive structure-specific syntrophy be-

tween Bifidobacterium infantis and Eubacterium hallii within a
modeled infant gut microbiome[J]. Molecular Nutrition & Food Re-
search, 2023, 67(11): 2200851.
[52] ZITO A, WU R Y, LI B, et al. Human milk oligosaccharides
promote intestinal epithelium regeneration independent of the micro-
biota during necrotizing enterocolitis[J]. Pediatric Surgery Interna-
tional, 2024, 40(1): 35.
[53] NIJMAN R M, LIU Yan, BUNYATRATCHATA A, et al.
Characterization and quantification of oligosaccharides in human
milk and infant formula[J]. Journal of Agricultural and Food Chem-
istry, 2018, 66(26): 6851-6859.
[54] SARKOZY D, BORZA B, DOMOKOS A, et al. Ultrafast
high-resolution analysis of human milk oligosaccharides by multi-
capillary gel electrophoresis[J]. Food Chemistry, 2021, 341: 128200.
[ 55] ZHU Yingying, ZHANG Jiameng, ZHANG Wenli, et al. Re-
cent progress on health effects and biosynthesis of two key sialylat-
ed human milk oligosaccharides, 3°- sialyllactose and 6’-sialyllac-
tose[J]. Biotechnology Advances, 2023, 62: 108058.
[ 56 ] McCUNE S, KHWAJAZADA S, YERABANDI N, et al. The
influence of oligosaccharides when measuring lactose and total car-
bohydrates in human milk and comparison of methods[J]. The Jour-
nal of Nutrition, 2023, 153(7): 2117-2124.
[57] Fib. Kk KR4 A L H B £ 757 [D]. X
&, K EA K, 2020. [ LUO Di. Research on the differences of
secretory types of breast milk bacterial communities in the Dalian
area[D]. Dalian: Dalian Medical University, 2020. ]
[ 58] NINONUEVO M R, WARD R E, LOCASCIO R G, et al.
Methods for the quantitation of human milk oligosaccharides in bac-
terial fermentation by mass spectrometry[J]. Analytical Biochem-
istry, 2007, 361(1): 15-23.
[59] &, HE R, vhUE, 5. K TAT AR 0B LI RAE
Fridem o ik 6y s s [J]. P B R & R, 2021, 21(7): 283-290.
[ TONG Wenfeng, YANG Guoliang, YE Wenhui, et al. Establish-
ment of a mass spectrometry method for detection of human milk
oligosaccharides based on derivatization reaction[J]. Journal of Chi-
nese Institute of Food Science and Technology, 2021,21(7):
283-290. ]
[60] CSERNAK O, RACZ B, ALBERTI A, et al. Quantitative
analysis of 3’- and 6’-sialyllactose in human milk samples by
HPLC-MS/MS: A validated method for the comparison of two con-
secutive lactation periods in the same womanl[J]. Journal of Phar-
maceutical and Biomedical Analysis, 2020, 184: 113184.
[61] skuk %, ZH&, LRk, F AT HPLC-MS/MS # F5L5
e GP #7 A SeHAL [J]. F B L Tk, 2022, 50(5): 14-19,33.
[ ZHANG Ximei, WANG Haiyan, WANG Shuangshuang, et al.
Optimization of GP-derivatization conditions of goat oligosaccha-
ride based on HPLC-MS/MS [J]. China Dairy Industry, 2022, 50(5):
14-19,33. ]
[62] BAO Yuanwu, CHEN Ceng, NEWBURG D S. Quantifica-
tion of neutral human milk oligosaccharides by graphitic carbon
high-performance liquid chromatography with tandem mass spec-
trometry [J]. Analytical Biochemistry, 2013, 433(1): 28-35.
[ 63 ] TAN Jing, LEE H H, WONG L, et al. Simultaneous determi-
nation of neutral and acidic human milk oligosaccharides (HMOs)
by liquid chromatography with tandem mass spectrometry (LC-
MS/MS)[J]. Applied Food Research, 2022, 2(2): 100153.
[ 64] OURSEL S, CHOLET S, JUNOT C, et al. Comparative anal-
ysis of native and permethylated human milk oligosaccharides by
liquid chromatography coupled to high resolution mass spectrome-


https://doi.org/10.1093/jaoacint/qsad072
https://doi.org/10.1093/jaoacint/qsad072
https://doi.org/10.1021/acs.jafc.0c07484
https://doi.org/10.1021/acs.jafc.1c00499
https://doi.org/10.1021/acs.jafc.1c00499
https://doi.org/10.3168/jds.2020-19510
https://doi.org/10.1016/j.ijbiomac.2024.134868
https://doi.org/10.1016/j.ijbiomac.2024.134868
https://doi.org/10.1016/j.ijbiomac.2024.134868
https://doi.org/10.1016/j.jchromb.2020.122497
https://doi.org/10.1007/s00216-013-6817-1
https://doi.org/10.1007/s00216-013-6817-1
https://doi.org/10.1039/C6AY02982E
https://doi.org/10.1093/jaoacint/qsac112
https://doi.org/10.1093/jaoacint/qsac112
https://doi.org/10.1093/jaoacint/qsac112
https://doi.org/10.1093/jaoacint/qsae001
https://doi.org/10.1093/jaoacint/qsae001
https://doi.org/10.1093/jaoacint/qsae001
https://doi.org/10.1016/j.carres.2024.109149
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2023.24.008
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2023.24.008
https://doi.org/10.1016/j.enzmictec.2023.110196
https://doi.org/10.1002/mnfr.202200851
https://doi.org/10.1002/mnfr.202200851
https://doi.org/10.1002/mnfr.202200851
https://doi.org/10.1007/s00383-023-05598-5
https://doi.org/10.1007/s00383-023-05598-5
https://doi.org/10.1007/s00383-023-05598-5
https://doi.org/10.1021/acs.jafc.8b01515
https://doi.org/10.1021/acs.jafc.8b01515
https://doi.org/10.1021/acs.jafc.8b01515
https://doi.org/10.1016/j.foodchem.2020.128200
https://doi.org/10.1016/j.biotechadv.2022.108058
https://doi.org/10.1016/j.tjnut.2023.05.004
https://doi.org/10.1016/j.tjnut.2023.05.004
https://doi.org/10.1016/j.tjnut.2023.05.004
https://doi.org/10.16429/j.1009-7848.2021.07.034
https://doi.org/10.16429/j.1009-7848.2021.07.034
https://doi.org/10.16429/j.1009-7848.2021.07.034
https://doi.org/10.16429/j.1009-7848.2021.07.034
https://doi.org/10.1016/j.jpba.2020.113184
https://doi.org/10.1016/j.jpba.2020.113184
https://doi.org/10.1016/j.jpba.2020.113184
https://doi.org/10.19827/j.issn1001-2230.2022.05.003
https://doi.org/10.19827/j.issn1001-2230.2022.05.003
https://doi.org/10.1016/j.ab.2012.10.003

5478 S 14

RACES , 45 BEFLIRIERTTCHE . Z5MRRE . RaHOAR S LA - 489 -

try [J]. Journal of Chromatography B, 2017, 1071: 49—57.
[65] GONSALVES J, BAUZA-MARTINEZ J, STAHL B, et al.
Robust and high-resolution all-ion fragmentation LC-ESI-IM-MS
analysis for in-depth characterization or profiling of up to 200 hu-
man milk oligosaccharides[J]. Analytical Chemistry, 2025, 97(10):
5563-5574.
[66] SAKAGUCHI Y, HAYAMA T, YOSHIDA H, et al. Liquid
chromatography/tandem mass spectrometry with fluorous derivatiza-
tion method for selective analysis of sialyl oligosaccharides[J].
Rapid Communications in Mass Spectrometry, 2014, 28(23): 2481—
2489.
[67] CHEN X X, LU J, LIU L, et al. Determination of 12
oligosaccharides in human milk by ultra-performance liquid chro-
matography-mass spectrometry[J]. Food Science, 2018,39(4):
138—-143.
[ 68 ] ZHANG Wenyuan, WANG Tong, CHEN Xinxin, et al. Ab-
solute quantification of twelve oligosaccharides in human milk us-
ing a targeted mass spectrometry-based approach[J]. Carbohydrate
Polymers, 2019, 219: 328—333.
[ 69 ] HOU Haiyue, WANG Mengyu, YANG Shuya, et al. Evalua-
tion of prebiotic glycan composition in human milk and infant for-
mula: Profile of galacto-oligosaccharides and absolute quantifica-
tion of major milk oligosaccharides by UPLC-cyclic IM-MS and
UPLC-MS/MS[J]. Journal of Agricultural and Food Chemistry,
2024, 72(14): 7980-7990.
[70] »H83k, 35, BAR, . F KA k- P B % H N E
BOUB 7 S F 14 A B SUIR R [T, & % 5, 2025, 46(3):
230-237. [ YE Mengwei, HUANG Qian, FENG Lifeng, et al. De-
termination of 14 human milk oligosaccharides in infant formula
milk powder by hydrophilic interaction liquid chromatography-tan-
dem mass spectrometry[J]. Food Science, 2025, 46(3): 230-237. ]
[71] GU Fangjie, KATE G A T, ARTS I C W, et al. Combining
HPAEC-PAD, PGC-LC-MS, and 1D 'H NMR to investigate
metabolic fates of human milk oligosaccharides in 1-month-old in-
fants: A pilot study[J]. Journal of Agricultural and Food Chemistry,
2021, 69(23): 6495-6509.
[ 72 ] HUANG Xunwen, ZHU Baoli, JIANG Tiemin, et al. Im-
proved simple sample pretreatment method for quantitation of major
human milk oligosaccharides using ultrahigh pressure liquid chro-
matography with fluorescence detection[J]. Journal of Agricultural
and Food Chemistry, 2019, 67(44): 12237-12244.
[ 73] CHOURAQUI J P. Does the contribution of human milk
oligosaccharides to the beneficial effects of breast milk allow us to
hope for an improvement in infant formulas? [J]. Critical Reviews in
Food Science and Nutrition, 2021, 61(9): 1503—1514.
[74] BAUE, J6BL, IRW ¥, 5. 4 Fei SLsh 3L P ART M 09 T
Fo X F AT AR iR (] & A 5, 2022, 43(13): 370-378.
[ LAN Hanglian, SHI Yue, ZHANG Lina, et al. Progress in qualita-
tive and quantitative analysis of oligosaccharides in the milks of four
mammalian species[J]. Food Science, 2022, 43(13): 370-378. ]
[75] E80UFk, F5, 28, 5§ FIURRIEL 40U X 2 5F
7t B (1], & & 5 ALK, 2024,40(2): 1-8. [ JIANG Yikang,
DONG Ling, LIU Hongfei, et al. Research advances on the associa-
tion between human milk oligosaccharides and infant health[J].
Food & Machinery, 2024, 40(2): 1-8. |
[76] #Bs3t, o3, A#, & BFIURRBALLYILERLR T
AR B AL YR E (1], F BAash i@ BAT5T, 2023, 34(3): 105-112.
[ JIANG Sijin, SHI Lu, ZHOU Jing, et al. Effects of breast milk
oligosaccharides on infant growth and development and its influenc-

ing factors[J]. Chinese Journal of Woman and Child Health Re-
search, 2023, 34(3): 105-112. ]

[ 77] HOBBS M, JAHAN M, GHORASHI S A, et al. Current per-
spective of sialylated milk oligosaccharides in mammalian milk: Im-
plications for brain and gut health of newborns [J]. Foods, 2021, 10
(2): 473.

[78 1 AUSTIN S, CUANY D, MICHAUD J, et al. Determination
of 2'-fucosyllactose and lacto-N-neotetraose in infant formula[J].
Molecules, 2018, 23(10): 2650.

[ 79 ] PORFIRIO S, ARCHER-HARTMANN S, MOREAU G B, et
al. New strategies for profiling and characterization of human milk
oligosaccharides [J]. Glycobiology, 2020, 30(10): 774—786.

[ 80 ] MAZZOCCHI A, AGOSTONI C. Human milk oligosaccha-
rides and infant growth: A global health approach[J]. Pediatric Re-
search, 2024, 96(2): 277-278.

[81] SISCHO W M, SHORT D M, GEISSLER M, et al. Compara-
tive composition, diversity, and abundance of oligosaccharides in
early lactation milk from commercial dairy and beef cows[J]. Jour-
nal of Dairy Science, 2017, 100(5): 3883-3892.

[ 82] WANG Haiyan, ZHANG Ximei, KANG Peng, et al. Varia-
tions in oligosaccharides and N/O-glycans in human milk through
the eight-month lactation period[J]. Journal of Agricultural and
Food Chemistry, 2022, 70(44): 14272-14283.

[83] PAKME, KIM Y J, KIM H, et al. Anti-neuroinflammatory
effects of the human milk oligosaccharide, 2'-fucosyllactose, exert-
ed via modulation of M2 microglial activation in a mouse model of
ischemia-reperfusion injury [J]. Antioxidants, 2023, 12(6): 1281.
[84] SANCHEZ C, FENTE C, REGAL P, et al. Human milk
oligosaccharides (HMOs) and infant microbiota: A scoping review
[7]. Foods, 2021, 10(6): 1429.

[85] Midd, 555, 32, 5. KACHAFH EIL R ARA] A UK
R0 o T AH A B AR R AT T3 R D). A S A5, 2024,
45(9):243-251. [ CHEN Yuhan, LI Qiaohui, LI Yan, et al. Re-
search progress on the molecular mechanism of the utilization of hu-
man milk oligosaccharides in Bifidobacterium longum subsp. infan-
tis and its probiotic effect[J]. Food Science, 2024,45(9):243—
251. ]

[86] GOUTHAM S, KUMARI I, PALLY D, et al. Mutually ex-
clusive locales for N-linked glycans and disorder in human glyco-
proteins [J]. Scientific Reports, 2020, 10: 6040.

[87] de LEOZM L A, KALANETRA K M, BOKULICH N A, et
al. Human milk glycomics and gut microbial genomics in infant fe-
ces show a correlation between human milk oligosaccharides and gut
microbiota: A proof-of-concept study[J]. Journal of Proteome Re-
search, 2015, 14(1): 491-502.

[ 88 ] KOBATA A. Structures and application of oligosaccharides
in human milk[J]. Proceedings of the Japan Academy. Series B,
Physical and Biological Sciences, 2010, 86(7): 731-747.

[ 89 ] URASHIMA T, TAUFIK E. Oligosaccharides in milk: Their
benefits and future utilization[J]. Media Peternakan, 2010, 33(3):
189-197.

[90] CHEN Yihan, CHEN Zhengxin, ZHU Yingying, et al. Re-
cent progress in human milk oligosaccharides and its antiviral effica-
cy[J]. Journal of Agricultural and Food Chemistry, 2024, 72(14):
7607-7617.

[91 ] WANG Xinru, LI Ling, LIU Tianjing, et al. More than nutri-
tion: Therapeutic potential and mechanism of human milk oligosac-
charides against necrotizing enterocolitis[J]. Life Sciences, 2024,
339: 122420.


https://doi.org/10.1016/j.jchromb.2017.03.028
https://doi.org/10.1021/acs.analchem.4c06081
https://doi.org/10.1002/rcm.7042
https://doi.org/10.1016/j.carbpol.2019.04.092
https://doi.org/10.1016/j.carbpol.2019.04.092
https://doi.org/10.1021/acs.jafc.4c00810
https://doi.org/10.1021/acs.jafc.0c07446
https://doi.org/10.1021/acs.jafc.9b03445
https://doi.org/10.1021/acs.jafc.9b03445
https://doi.org/10.1080/10408398.2020.1761772
https://doi.org/10.1080/10408398.2020.1761772
https://doi.org/10.7506/spkx1002-6630-20210330-374
https://doi.org/10.7506/spkx1002-6630-20210330-374
https://doi.org/10.3390/foods10020473
https://doi.org/10.3390/molecules23102650
https://doi.org/10.1093/glycob/cwaa028
https://doi.org/10.1038/s41390-024-03037-2
https://doi.org/10.1038/s41390-024-03037-2
https://doi.org/10.1038/s41390-024-03037-2
https://doi.org/10.3168/jds.2016-12388
https://doi.org/10.3168/jds.2016-12388
https://doi.org/10.1021/acs.jafc.2c05869
https://doi.org/10.1021/acs.jafc.2c05869
https://doi.org/10.3390/antiox12061281
https://doi.org/10.3390/foods10061429
https://doi.org/10.7506/spkx1002-6630-20230521-198
https://doi.org/10.7506/spkx1002-6630-20230521-198
https://doi.org/10.1038/s41598-020-61427-y
https://doi.org/10.1021/pr500759e
https://doi.org/10.1021/pr500759e
https://doi.org/10.1021/pr500759e
https://doi.org/10.2183/pjab.86.731
https://doi.org/10.2183/pjab.86.731
https://doi.org/10.5398/medpet.2010.33.3.189
https://doi.org/10.1021/acs.jafc.3c09460
https://doi.org/10.1016/j.lfs.2024.122420

- 490 - £ Tl B4

2026 4F 7 A

[92] Le LAMN, van NGUYEN D, HEO K S. Potential biological
functions and future perspectives of sialylated milk oligosaccha-
rides[J]. Archives of Pharmacal Research, 2024, 47(4): 325—-340.
[93 ] VAZQUEZ E, BARRANCO A, RAMIREZ M, et al. Effects
of a human milk oligosaccharide, 2'-fucosyllactose, on hippocampal
long-term potentiation and learning capabilities in rodents[J]. Jour-
nal of Nutritional Biochemistry, 2015, 26(5): 455—465.

[94] ZIVKOVIC A M, BARILE D. Bovine milk as a source of
functional oligosaccharides for improving human health[J]. Ad-
vances in Nutrition, 2011, 2(3): 284-289.

[95] LOVALLO C, MARCHITELLI C, NAPOLITANO F, et al.
Sialyloligosaccharides content in mature milk of different cow
breeds[J]. Sustainability, 2022, 14(5): 2805.

[96 ] GRABARICS M, CSERNAK O, BALOGH R, et al. Analyti-
cal characterization of human milk oligosaccharides—potential appli-
cations in pharmaceutical analysis[J]. Journal of Pharmaceutical
and Biomedical Analysis, 2017, 146: 168—178.

[97 ] BERTINO E, COPPA G V, GIULIANI F, et al. Effects of
holder pasteurization on human milk oligosaccharides[J]. Interna-
tional Journal of Immunopathology and Pharmacology, 2008, 21(2):
381-385.

[ 98 ] MEHRA R, KELLY P. Milk oligosaccharides: Structural and
technological aspects[J]. International Dairy Journal, 2006, 16
(11): 1334-1340.

[99 ] KUNZ C, RUDLOFF S. Health promoting aspects of milk
oligosaccharides[J]. International Dairy Journal, 2006, 16(11):
1341-1346.

[ 100 ] LOUTET M G, NARIMANI A, QAMAR H, et al. Associa-
tions between human milk oligosaccharides and infant growth in a
Bangladeshi mother—infant cohort[J]. Pediatric Research, 2024,
96(2):356-364.

[ 101 ] ROBINSON R C. Structures and metabolic properties of
bovine milk oligosaccharides and their potential in the development
of novel therapeutics[J]. Frontiers in Nutrition, 2019, 6: 50.

[102] WEJRYD E, MARTI M, MARCHINI G, et al. Low diversi-
ty of human milk oligosaccharides is associated with necrotising en-
terocolitis in extremely low birth weight infants[J]. Nutrients, 2018,
10(10): 1556.

[ 103 ] URASHIMA T, AJISAKA K, UJIHARA T, et al. Recent
advances in the science of human milk oligosaccharides[J]. BBA
Advances, 2025: 100136.


https://doi.org/10.1007/s12272-024-01492-3
https://doi.org/10.1016/j.jnutbio.2014.11.016
https://doi.org/10.1016/j.jnutbio.2014.11.016
https://doi.org/10.3945/an.111.000455
https://doi.org/10.3945/an.111.000455
https://doi.org/10.3390/su14052805
https://doi.org/10.1016/j.jpba.2017.08.039
https://doi.org/10.1016/j.jpba.2017.08.039
https://doi.org/10.1177/039463200802100216
https://doi.org/10.1177/039463200802100216
https://doi.org/10.1016/j.idairyj.2006.06.008
https://doi.org/10.1016/j.idairyj.2006.06.020
https://doi.org/10.1038/s41390-023-02927-1
https://doi.org/10.3389/fnut.2019.00050
https://doi.org/10.3390/nu10101556

	1 母乳低聚糖的结构
	2 母乳低聚糖的独特性：含量特征、个体差异及物种比较
	2.1 母乳低聚糖的含量和个体差异
	2.2 母乳低聚糖与动物乳低聚糖的含量比较

	3 乳及乳制品中母乳低聚糖的检测技术
	3.1 液相色谱
	3.2 高效阴离子交换色谱
	3.3 毛细管电泳
	3.4 液相色谱质谱联用

	4 母乳低聚糖的功能以及在食品中的应用
	4.1 母乳低聚糖的功能
	4.1.1 微生态调节
	4.1.2 物理化学屏障
	4.1.3 免疫调控
	4.1.4 神经发育

	4.2 母乳低聚糖在食品中的应用
	4.2.1 婴配粉中母乳低聚糖应用的现状与挑战：功能模拟的差距
	4.2.2 基于功能导向的HMOs应用前景
	4.2.3 生产技术创新、法规合规与产业化需求的整合


	5 结论与展望
	参考文献

