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LRI RIFRAIEER, HSEREIN 17>0.999; 4 F-EEFLRSBHAG HH RN E B R 514 0.94~2.31 mg/100 g,
3.12~7.69 mg/100 g; 4 FEEFACRBIIAR B 97.7%~101.5%, FHXFRUENR 22 (relative standard deviation,
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Determination of 4 kinds of breast milk oligosaccharides in milk powder by
liquid chromatography-fluorescence method

DENG Si-Yi', HUANG Wei-Qian, WU Jun-Fa, QIN Tian-Fu,
CHEN Zu-Jian, YU Zi-Heng, L1 Zhen-Jie

(Guangzhou Inspection Testing and Certification Group Co., Ltd., Guangzhou 511447, China)

ABSTRACT: Objective To establish a method for simultaneous determination the content of 4 kinds of human
milk oligosaccharides [2’--fucosyllactose (2’-FL), 3’-sialic acid (3°-SL), 6”-sialic acid (6’-SL) and
lactose-N-neotetraose (LNnT)] in milk powder by liquid chromatography-fluorescence method. Methods The
samples were dissolved in water, enzymolized with amyloglucosidase or p-galactosidase, derived with
2-aminobenzamide (2-AB) and 2-methylpyridine borane (2-PB), and separated by amide bonding column, detected
by fluorescence detector, and quantitated by internal standard methods. Results The 4 kinds of milk
oligosaccharides had a good linear relationship in the concentration range of 10—-600 pg/mL, and the correlation
coefficients () were more than 0.999. The limits of detection and quantification of 4 kinds of milk oligosaccharides

were 0.94-2.31 mg/100 g and 3.12-7.69 mg/100 g, respectively; the recovery rates of 4 kinds of milk
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oligosaccharides were 97.7%—-101.5%, and the relative standard deviations (RSD) (n=7) were 0.53%-3.09%.

Conclusion This method does not have high requirements for people, equipments and environment for determining

the content of 4 kinds of milk oligosaccharides in milk powder. The pre-treatment operation is simple, and it has good

accuracy and precision. It can provide a reference for the quality control method of human milk oligosaccharides in

milk powder.

KEY WORDS: 2’-fucosyllactose; 3’-sialic acid; 6’-sialic acid; lactose-N-neotetraose; liquid chromatography-

fluorescence method; milk powder
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2K M (human milk oligosaccharides, HMOs), i
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A0 T 2R 4 L B o DA B 40 LA AT T it
FEROL. BT, 2%tk HMOs CAEZAEZ .
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ARG I 3 A ROR i - R R TR U -
ik ez g5 U 2O RN -2 ek, o, O -
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FOS) SRS M2 T4 HMOs K, b A H S Bl 20 455 14 3 81
MIABE 5 G, BR 7 i R IO o v 33 -
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1.1 MR5RF

FUBTEERR (N T LR IS, 2090 PR LRy (A) . 22
L)L LR (B) . 4F0R I 2F F i LI 7L (C)

T HE T4 . 2°-FL %R SH(SEEE 96%) . 3°-SL
X BE S (Al 92%) . 6°-SL X RE (4l 92%) . LNnT X
Fh (2L 94.67%)( LS SL RN B dn A FRA F); 2-24 2%
2K H i i (2-aminobenzamide, 2-AB)(4r#r4l), 2-H FEnLne
W45 (2-methylpyridine borane, 2-PB)(43r#r4k). H R (1%
gy, CIE(ERELh) . - FUR TR R (RIS 77 4000 U/mL) . 3
WA P B (RS 7 350 U/mL)(f8 [ ER L H); 2@
TEAl), HERE (A, RAT =ML 95%) (i Tk
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PR F]); MS204T J7 43 22— 43 Bt JF- (M e 0 A1 22 ) i 1%
()RR ) ; Sigma 3-30KS /53 ¥ Uk B9 O HIL[ PG A% 35
AR AT (R R A BRA F; MS3 IRENRG A [LR(T
ML R A PR 7] ]; XBridge BEH Amide Column f4i%
#:(2.1 mmx150 mm, 2.7 um, 3E[E Waters A H]).
13 WA
1.3.1 ik e

FRUE A ELH]: FREL 10 mg 2°-FL. 3°-SL. 6°-SL.
LNnT il fh (28, K% 0.1 mg) T 10 mL A5
o, B LKIE I e, RS ERE R | mg/mL i
FW A BERHERE & 0, 0.05, 0.25, 0.50, 1.00,
2.00.3.00 mL F 5 mL &)+, ABLAUKERZEZE, K
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LR R R S 0,10, 50, 100, 200, 400, 600 pg/mL
HIBR TS W o

A AL FREL 286 mg 2-AB #l 625 mg 2-PB F
10 mL BFE S, A 6 mL - F I -FE BRI (37, V:))
JEIRAT .

BER AW FREUEHG J12 350 U SRy A 2 T B
F 5 mL AR08 M (0.2 mol/L), FL A% 70 U/mL TE K i
AR AT T o - D B AT VS (70 U/mL) Al -2 L
B BEHA TR (4000 U/mL)FARFR EL ] 4:1 1R AT,

F B2 B R[50 mmol/L, pH (4.4+0.1)]: FREL 3.15 ¢ B
2% F 1000 mL Z5H0)frf, FH 900 mL /K ¥ fiffe FH AR A
5% pH (4.4+0.1), ALK ER EZE .

AR FREL 20 mg B AT 4T 50 mL &8I,
FBLiKER B RE .

1.3.2 AR A2

WM WERARBBGA S WA 1~5 ¢ T4
FEIH, 20 mL iR /K (2 40~50 °C)iff i, T(70£2) °CF
FiEFE 20~25 min, BHIBFEFHBE 50 mL M E
HRZE, RSEHF.

FEEL 200 pL U R RN B0, FA 100 pL
FIVE R R AT A - UM W IR A VAT, PRGIRS)
JEBE.OE B T(60£2) CHIKEH 1 he BURBEIEMA
100 pL AR, IR%IRAIE, T4 °C'F 10000 r/min 50>
10 min, FIWMER 2>-FL, 3°-SL. 6’-SL HHREFEATT A= TR

FEEL 200 pL WG EN 0, FA 100 uL
MTEM B ABITTHER, RGBRAIRFESLCEET
(602) °CHIZKIFH 1 ho BRI EIEIIA 100 uL FRIF,
WHIRAE, T—4 °CF 10000 r/min B.0> 10 min, 5K
18 LNnT B93FEAT A BT
1.3.3 RKARATAER B

A3 BIFEEL 100 pL ) R PEFP ES.O_E B R 2 mL A9 3
DB, EEIMA 100 uL AT RFIER . R LIRE
B, BB 08 E T (65+2) °CCIRIKIB T 1 h BUR B .04,
PR R 215 BB T VKAV AL B 5 mine BUH .04, 78
KRR 3505, INA 1000 pL /K: 2.6 (25:75, VR, &
WIRAGE, T—4 °CF 10000 r/min 8.0 10 min, B FZ&E R
VR ERLAHT, AR SR IR E -

B 200 pL WAK RN ELOE T, SRR T
fift . A, BOOEICE RS SR AL, VR R e
PV TR D 2 o

BHL 200 pL AR B 08 T, SR LT
Wff . A, B0 IR RIS EIE W LT, VR bR
EVRINE -

1.3.4 RAa& 50

SRS OGRS, KRR R R 330 nm,

R R 420 nm; BERE S @554 (XBridge BEH Amide

Column, 2.1 mmx150 mm, 2.7 um), ¥f: 35 °C; #ifaE:
10 pL; Hi# A 0.5 mL/min; JisIHH A B NE, FhH B K
R % 22 DA TR (pH 4.4) . TRIRA PRI 1 P

F1 HERBREMT

Table 1 Conditions of gradient elution

At 8] /min 38 /(mL/min) HEEHL% 2k
A B
0.0 0.5 92 8 ek
28.0 0.5 80 20 etk
29.0 0.5 80 20 etk
30.0 0.5 60 40 &tk
345 0.5 60 40 ek
35.0 0.5 20 80 ek
39.5 0.5 20 80 etk
40.0 0.5 92 8 4tk
48.0 0.5 92 8 4tk

1.4 BB

SCENEAE 3 YRINAE, R R AR E 28 R 4
X ENE . BRI, RAWANEE R, BICR . A
Fe} R v 2 RN v il 2k £k k7 K A Excel 2010 EFFARRE,
FF43 5 FH Word 2010 1 Excel 2010 H4T3RAE FIE Y221
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2.1 ERMBEHRNRE

FC 7 Wik Hh sl S N R B SRR, — T AR
kR R IR B A R Y B, 55— T DL
FhMR RN, (ROREAEAE R & T4 HMOs i9MlE . I
Hb, W2 PR E S IIRR L AL, RS T
3°-SL 1 6-SL Wil s, TR AT B TR InAS [l 43 )b A T4
SRR

GB 5009.245—2016 { & fh %2 ERIRHE &5 R4
ZE W DI ) P VAR O TR A G e X B B T A,
Rtk R T Y LW e R E AR, GB
1903.27—2022 B S W E AR E B EFRRAR IR
D) TN - FUR TR M AR I S i (B
FLAE-N-=4 1T (lacto-N-triose II, LNT IT)J& & 8 LNnT 1%
VLR, B-21- FUAH LT Wl T LA £k 2 2L 3 N ZLBE 56 8% &2
LNT II AATfi & B LNnT 2,

D5tk SR FRIE o3 4 2 M BN 8-~ LM 7 I %o S B
WA TR AL TR, M5 3°-SL F1 6°-SL; R IR A itr
Wi, BOAE VAT UN I B2 UM T Mg A B ) 47 000 1 00
LNnT. 2-FL ME AN ZALREZNE . -1 UM i i 5%
Wi, ] b AT 7 A A — iy Acb Bl 5 32500 %2 2°-FL o

2.2 HTHERFIAEE
HMOs A5 Jok EM, fErlas bR 80E(%, 5
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WEATAR A R, MR i AR iC bRt . & EE AR ICY)
PRI EMEEE T, 382 58 SR I F AR A A 5 4B, A
BEHEAT Mt T o B SCERIC R, R R B SO AR
HREFEM S 2-E ke . SRR 2-E IR H R
(anthranilic acid, 2-AA)F1 2-AB |, BEAEIUN N,N- " H L& LA
-S-TER AN 4-NN- - F S G A (B R R 202 2 3
N AT AR R A S A M BH B M TR S, 5
WY 4S5 B 23 R BOCIO AL SO, DT T H0A 9 43
Mo WE5 BEMER R B 8w 2T A AN, iR
Ak, ORI THEANRA . 57 F S S 3 i o Ak
T LA o P 284500 g ke (RS LR A TR R, BRI
T A L o 2 S0 20O HMOs 2 HIUEF T 2-AA (2-AB
5 2- FL N BERH (2-aminoacridone, AMAC)fii4E, WA G &
B 2-AA VR AR AT AR 5,

2-AA B—FHI T, 2-AA FRIC S5HESE b KL
Bz, ARCTERERE)S, LSRRI E AR AT R I 5 43 HT
X WEGE A TR R BT . WEEE T B i SR e A R A
AEFEILHE], W 2-PB AEAMBEEARIC A SR Ak R R AT
N T FUEEEE S . BRI, $E$E 2-AB il 2-PB {E K5
AT A
2.3 RIEFARIESE

Xof 12 R A T AN R G A AE 1 T R AR A
PIFRIE o AR R FA AR ZE 20 i 4 S VR o A 5, LA B
Wy S HURE S A AR 2 4 1 e R A 5 A B AR AT R R
Peo PIFRIRE— PRI SRS ARSI T o 6 AT A
b PR A R, A AR BT AR HE RS BR B T
PR SR R WS X A3 T 45 5 7= A s, LASR = AT 2
SREMEWIEE . T 2°-FL., 3°-SL. 6’-SL. LNnT RS
PAWARR, EEra] 8 R bR, i i A e A S S
M DL T R R o T AT = — AN e Tk R,
e P R 23 32 HoAh e T s i, A SE B o B s & B
B A =W SRR 2-AB 2O EhRIC AT HA HIL AT LR IR
RPE, W RAE N AR . BIARRSE Hak B A =
WEAE P bR S0 o i 2k LA 22 B AR B i
24 FEFER
24.1 ARpEE &g ik R

FH/KHEH| 2°-FL, 3°-SL. 6’-SL. LNnT X I8 fi i 457
(1 mg/mL), FHAEH IO R &, i FKE 2. i
il ST EE S 00 10, 50, 100, 200, 400, 600 pg/mL
BT RS T AR . $2 18 1.3.4 WA il S R0 A TR (32 -
BEGIEHT, ME T R, 4 FhEEFLIER AR AR
WERE R 2 G UL 1~20 DL TR B M A
T, LA PR v JBE < LA TR e T FR 5 oA s s TR ) LE B R M
ApbR, I RS TAERMER, 45 RRIE 2. 45 ER,
2°-FL. 3’-SL. 6’-SL. LNnT 7£ 10~600 mg/L i[5 Nkt

KRR, MISERECHHIH 0.9999, T A IZBRFE S A i)
RIPPEZR o DL 4 FhREZUACRBE A AR50 17 75 e L (S/N) Y
3AEA 10 FETHAAER A IR A AR e T PR, S5 A FE T Ab
FFE AR RS B (LA 50 AT, TS 200y 7 A Hh R
(method detection limit, MLOD) il J7 ¥ % #t & (method
quantitation limit, MLOQ), i3 2 WA, Jriks RN
0.94~2.31 mg/100 g, EHFRN 3.12~7.69 mg/100 g, I /L 5L
Ui

2500000
2000000

2°-FL-16.473
2-EAi = HE-17.960

.

5-LNnT-29.437

i o7 i

1000000
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BT 4FpREZLARSR bR A W (i
Fig.1 Chromatograms of 4 kinds of standard solutions of human
milk oligosaccharides
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@ 2000000 1—Fé4n‘.‘}ﬁ§—17.947
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1000000 00 250 300 350
{4 B4 B[] /min

K2 2 AR A
Fig.2 Chromatogram of blank sample

T2 AMEIRBENZMESIE, BXFEHK. MLODs 1 MLOQs
Table 2 Linear equations, correlation coefficients and MLODs
and MLOQs of 4 kinds of human milk oligosaccharides

AN N
G o ey miow
2’-FL Y=2.3935X-5.9771  0.9999 1.84 6.12
3°-SL Y=1.8276X-3.4217  0.9999 2.31 7.69
6’-SL Y=1.8031X-3.4795  0.9999 1.87 6.25
LNnT Y=1.8218X-4.1695  0.9999 0.94 3.12

242 MEEL K

TR L LI 5 Wk BAVESE A UEA T 3 ACSE IR, 7K
WU 3 B, BRI 7 AR, PSR
Ty RS 2 B SR o SR — IR AT G R LR 3~4,
FH 3% 3 AT, 4 R EEZLARSRBE IR B3 97.7%~101.5%,
A B BE B AH X A 1 I 22 (relative standard deviation, RSD)
(n=7)} 0.53%~3.09%, HuELsRAERF & GB/T 27417—2017
CEMBIEE A=t AR e TS 7 ) (2K, R EH
TG . IEMRELT .
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Table 3 Recovery and precision test results of 4 kinds of
human milk oligosaccharides

rr—
| 2FL 10, 700. 2700 980. 97.7. 1015 1.77. 0.63. 058
2 3.SL 10, 100, 2700 97.7.100.9. 100.1 0.53. 3.09. 1.10
3 6-SL 10, 70. 2700 100.0.1013.1004 100, 1.38. 137
4 INnT 10, 70. 2700 98.0. 993. 1005 1.02. 291, 1.84
2500000 é
2000000 !

-1-2"-FL-16.487
2-FAi

12 1000000
=

-3-3'-SL-24.843

—1000000 . . . " ;
10.0 15.0 20.0 25.0 30.0 35.0

£ B3 B A1) /min

K3 BATESRERIFR(2-FL, 3°-SL. 6’-SL){j&[%|
Fig.3 Negative matrix adding standard solution
(2°-FL, 3°-SL, 6’-SL) chromatogram

o
S
=

=

2500000
2000000

2 1000000

-2-LNnT-29.360

~1000000 k. . . h A i
10.0 15.0 20.0 25.0 30.0 35.0

5+ B3 15} 8] /min
4 BAPESLEC R bR (LN T) (i &

Fig.4 Chromatogram of negative matrix adding standard
solution (LNnT)

2.5 KPRt

N T B UEAS ) Jy % ) A 45 3 — BobE, A g i A
%5 T/SAFC 002—2024¢ 2240 JLEC J7 LR B 61 20k
7 PR LR SRB AN 2 I P 3 FOR IRIZR B A FLRN T T 6
AR, S W AR bR L, MRS R 4, ik
4 WIHL, 3 RIEESL I 25 R R T 80% M BN, Eit ¢
Ke B PEA IR 7 1k 22 5, WA ¢ (B 35<2.228(f.05.10), 7
HH [] — R S PR AL 45 SR (R ) 22 S T GE T 22 X, PRy ki
BRI B EEER

T4 AHESEMGENEERILR

Table 4 Comparison between the results of this method and other methods

FESD RN ik 2’-FL/(mg/100 g) i 3-SLAmg/100g) ¢fH 6-SLAmg/100g) ({8  LNnT/(mg/100g)  tfH  fosio
ENyIRVR 458 52 18 126
T/SAFC 1.246 1414 1.000 1.928
A 0022024 460 52 19 128
FRnl: 450 JebrnE JekrnE b7~ {E: 120
ENyIR7N 15 16 71 377
T/SAFC 1.472 1.249 1917 1917 2228
B 0022024 16 17 7 379
JernE PN ] JehrnE FR/viE: 370
A 11 14 20 8
T/SAFC 2.080 1.000 1.746 0.808
C 022004 12 15 21 8
JehronE Tehron e PV EVIN | PV EVIN |

TE:  {B<toos 10, FTRPIEHGRIN 2 AR G708 L OE RN ), ¢ B> 005,10, TR PILERIANN2E R BAT G248 (B2 )

3 &

ABITOER B AR ARG ROE e
EAL R VS L E N ) o il oM = SRVAN T % 12 REEN 3= 2079 e ([ R
SEFLRYH 4 FEEFLARERAEQ-FL | 3°-SL., 6°-SL #l LNnT) & it
ARSI 15772 o ARV SEEN 4 R BRIP4 B e 1, X
KDY B AP SR AN . BB R . ks
BEFRIIA 1 ECR o R BRI L, S Tt B
A BOIE, AONFLR BRI R S
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