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Determination of 14 Human Milk Oligosaccharides in Infant Formula Milk Powder by Hydrophilic Interaction
Liquid Chromatography-Tandem Mass Spectrometry

YE Mengwei, HUANG Qian, FENG Lifeng, HUANG Yuan, CAI Xiaoming, GAO Yu, WANG Tianxi, PAN Chengﬂ<
(National Quality Supervision and Testing Center for Processed Food,

Fujian Inspection and Research Institute for Product Quality, Fuzhou 350002, China)

Abstract: A method for the determination of 14 human milk oligosaccharides (HMOs) in infant formula milk powder was
established by hydrophilic interaction liquid chromatography-tandem mass spectrometry (HILIC-MS/MS). The sample was
deproteinized by ethanol precipitation and degreased by freezing prior to separation by HILIC. The analytes were detected
by multiple reaction monitoring (MRM) and quantified by an external standard method. Under optimized conditions, all
HMOs showed good linear relationships within their respective concentration ranges, with determination coefficients (R’)
greater than 0.994. The average recovery rates from blank goat’s and cow’s milk powders at three spiked levels ranged from
90.3% to 109.2%, with relative standard deviation (RSD) in the range of 0.7%-9.7% (n = 6), and the limit of detection (LOD)
between 0.002 and 0.048 pg/mL. The developed method is characterized by fast analysis speed, high sensitivity and good
accuracy, and meets the requirements for the rapid detection of the 14 HMOs in infant formula milk powder.
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B, B LRER R EY), NI IR 2 R
PR Bz i T HA R AL B AL, RS BN
LI 000 fi5, XFELILERKE FREEZERY.
REFLCZERE (human milk oligosaccharides, HMOs) & A
KA HRRAFAEN —RACKNE, HAERFA B & 81
KT FBEMARN, HERAFERNED IR, BIG4ER
THiE e . RERZEWTIER . S5
JiE AR 2R AR I R A )L A2 R AR R T R
AESCILRE LM RIS, 22 LIS 77 Aok AE N B AR 2 22 )
JUSREUC SR () — A~ B R, b [ 22 LIS 77 &
FVFES I B SR NE A AE S P U5 AR SN, A SR b
RE L HE (galactooligosaccharides, GOS) . FH 4
P, X SR RE 10 45 S HMOs AR [H], E ik 56 45 SE
HMOsHAEY 2 DR, AT REALRFR 2L, RH
Hic 77 FU A MR TR I 22 LT 5 B AR Ytk i S S
PR T R G M R Rl LB RN SR, HEtE
A 100 [ S A X HEHEE B2 4)) JLIECTT B b RO IR 2
FH I £ i 25 £ R INHMOs ™, R [E 1 F-20234E10 H K
2 LA (fucosyllactose, FL) FlFLHE-N-3 V0 b3
(lacto-N-neotetraose, LNnT) PFHMOsIERZINEE)L
Te 77 68 S TS N 7 SR aR AL IV Y, SRR T £
FL A HMOsIZ FH 27 dh, B H HTE 2L
Bic 77 FF HHMOs & 200 5E R 7, Bk H G AR
B e EARE, R EI T 0 2 LR 7 FU HHMOs
RS 56 T SRR TE B AN AL, M —Fh A — e AT iE 1
H78 55 1B 1 ) LIEE T7 FUR o 2 M HMOs PRt e i 77 7%
HAHEENE L.

HMOs & HH5 /N3 AR BE A BRI 52 20 IR B, o0
WONF E M (glucose, Gle) . :F B (galactose,
Gal) . ‘H#FE (fucose, Fuc) . N-Z % I & b
( N-acetylglucosamine, GIcNAc) FIN- £ P 2 ik iz iR
(N-acetylneuraminic, NeuAc) o 1X & B i AN [F] (10 FE
T S IR EAT &R, R LA M T o AR BEFLARER
M (sialylated human milk oligosaccharides, SHMOs)
HR P REFLR SR RE (neutral human milk oligosaccharides,
NHMOs) # Kk, H i SHMOsRIMER R GAC RS,
3-ME R FLBE (sialyllactose, SL) . 6'-SLZ%; NHMOs
Moy NAE RIS (a12’-FL. 3'-FL) FIFEZ HEHE
AR ZERE CILNnT) ", H-FHMOsS: ¥4 5 4 HA7Z/E
KEF D SFHAE, Hosml g —e s, R
PR R AR SR, RN E. TAERENSES, H

AW PR R T E E 2 ik, —RREE
T, AFERZREIEIRIE . A B A M e (i
F Bk L IRAI 28 ) Chigh performance anion exchange
chromatography-pulsed amperometric detector, HPAEC-
PAD) A" SEKAE A 3% Chydrophilic interaction
liquid chromatography, HILIC) 32"V Ry (it - e
e 1% (high performance liquid chromatography-tandem
mass spectrometry, HPLC-MS/MS) j5kZ0%, 4 g 3t
PRV TARRRE S R AE™Y, (AAEH THMER
HLAE GRS 28 I SR B RS I s B T 3 ATHILIC
e MR AG I B H 7, ABAFAE S BT TG L A Ak
BAF B IRAF R AT, RN Wy o7 v A7 A 1 22 2 RS A
GOS £ AT HMOs [ Rzl 45 5 s+ #1>'; HPLC-MS/MS
REAPTINEE R PR, REESSE A, 1T
RO KEIZH TR 2 FrAeil, 5 —Mg gt
AT 5 G & 98 YA %% (fluorescence detector, FLD)
HPLC"**" 8l HPLC-MS/MS BEA7 43 #7, (A7 4: 25 3%
BB, AR YRR —E . B, A
FEAY K FTHILIC-MS/MS [F] B il 52 22 LS 77 Ak v 14 Fif
HMOs. b2 ) LBCT7 FUb EATRRIE . BRER B RO AT AL 2E
A, MALCRIMSHIZEAE, LUYISEILN 14 FAHMOSs 11T
ROy B BE R, MEAER . BIMIELG. A
R SRS R 73, I e sebris T 2L T 2L
A St PRSI | 5 A T A % T o A L o PR SR A2
#E%,

1 #ME5Jk

L1 MRS

LW LI (hEakal) T EMerck AR KA
AiKHLEIE CRFER>182MQ « em) 5 FIERE: (faifhal)
£ [E Thermo Fisher Scientific/A & .

14 FrHMOs#5#E M : 2'-FL. 3'-FL. 3’-SL. 6'-SL.
LNnT. FLHE-XCE#VUPE (lactodifucotetraose; DF-L)
FME-N-—HF (lacto-N-biose, LNB) . FLHE-N-7 ¥ 1 b
I (lacto-N-fucopentaose I, LNFP-1) . FLHE-N-5 5 T pE
II (lacto-N-fucopentaose II, LNFP-II) . FL¥E-N-757#% 1
¥V (lacto-N-fucopentaose V, LNFP-V) . FLHE-N-Hi/N
¥# (lacto-N-neohexaose, LNnH) . MR FLHE-N-DUEa

(sialyllacto-N-tetraose a, LSTa) . MEVHERFLHE-N-PUHED

(sialyllacto-N-tetraose b, LSTb) . MR FLAH-N-DUMEc

(sialyllacto-N-tetraose ¢, LSTc) (ZiEEIA/NF95%)
KEFRBERFARAF . 14 FIHMOs 1451415 &
WMERIFR .
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Table1 Classification and structural information of 14 HMOs
i/
HMOS casg AT 44t
i

LNB  489-52-1 38335 Gal(1-3)GleNAc
FHEEEL LNaT 13007324 707.63 Gal(P1-4)GleNAc(B1-3)Gal(B1-4)Gle
{8 G

al(B1-4)GleNAC(B1-6)[Gal (B1-4)GleNAC(S1-3)]

LNoH  64003-52-7 107296 Gallf1AGe
VFL 41263949 48844
3FL 41312474 48844
SRR DEL 20768110 63458
FHEOINFPT 7578258 85377
LNFPII 21973239 853.77
LNFP-V  60254-64-0  853.77

3-SL 128596-80-5 63254

- 6'-SL  157574-76-0  632.54
u%é@%;%{ LSTa  64003-58-5  998.88
LSTb ~ 64003-54-9  998.88

LSTc  64003-55-0  998.88

Fuc(al-2)Gal(f1-4)Gle
Gal(f1-4)[(Fuc(al-3)]Gle
Fuc(a1-2)Gal(B1-4)[(Fuc(al-3)[Gle
Fuc(al-2)Gal(1-3)GIcNAC(1-3)Gal(B1-4)Gle
Gal(f1-3)[Fuc(a1-4)]GlcNAc(f1-3)Gal(51-4)Gle
Gal(f1-3)GleNAc(81-3)Gal(f1-4)[Fuc(a1-3)]Gle

NeuSAc(a2-3)Gal(f1-4)Gle
NeuSAc(a2-6)Gal(f1-4)Gle
NeuAc(a2-3)Gal(B1-3)GleNAc(f1-3)Gal(f1-4)Gle
NeuAc(2-6)[Gal(f1-3)|GleNAC(1-3)Gal(f1-4)Gle
NeuAc(a2-6)Cal(B1-4)GleNAc(f1-3)Gal(f1-4)Gle

1.2 /K&

Triple Quad 5500 = F DU B AT BT WAL (Pc & H e 55
2 (electro-spray ionization, ESI) & MultiQuant 3.0
HAE A R G0 FESCIEX2A A 1290 Infinity #
AR R EE Agilent/A T ;s Milli-Qi# 4l /K KL
FEE Millipore A 7 ; W HEVRA 28 i A 2O 0L
RV &4 (polytetrafluoroethylene, PTFE) i fLE N
(0.22 pm) 2 [El Thermo Fisher Scientific/A &) ; i 7 ¥
Rze: BT EERA R AR ACQUITY UPLC
BEH HILICf: %4 (2.1 mm X100 mm, 1.7 um) .
ACQUITY UPLC BEH Amidet&if# (2.1 mm X 100 mm,
1.7 um) . ACQUITY UPLC BEH Amide i+

(2.1 mmX 150 mm, 1.7 pm) 2 [H Waters A &) ;
CAPCELL PAK ST (2.0 mmX 150 mm) H A
OSAKA SODAA T,

1.3 HiE
131 brAEVE e i

I3 A FREL 14 FTHMOSsFRE & %5 mgT°5 mLA &l
L, HAiKBERFERES mL, B H R EIRE AN
1 mg/mLIARE &S 53 B4 FTHMOsPRAE % &)
500 uL 10 mLA &, HAUKER R ZIE, Bl i &
WRE NS0 png/mLIFR A PRI VA AR AV Ak F6
B pg/mLIR S AREE I, TG Tkt M
TR Al K PR A AR AT, T o SR B 4330 240,05
0.1, 0.2, 0.5\ 1 pg/mLINRAARHE R I TAER . 14 Fb
HMOshr#Ef# 15 SR SRR I T —20 CROLIRAT o
132 FEALATALFE

HERRFREL g CRERAZ0.001 g) FLBMRE S T100 mLZ
B, 40 Cif/K40 mL, #WiEIR#30s, HET
40 CRMHAFLRFF10 min, FERES R IEME I, #

HEZR, IKERZEI00mL, #245. B mLEE VAR
F10 mLEENMT, CLOREHEEZERE, SR
HREBLE, MAN—18 CUKMThAEHELh, B
TNV 5 i B O AL LA 12 000 t/min B 005 min, B FE WK
I mL, HIZKFREZE10 mLEE2], £:0.22 um PTFEfFLIER
uEfE, EALIE.
133 FEFIRN (matrix effect, ME) %€

ME /2 5 1 J53 3 W 7 HE A 2 16— AR B R,
3 MFRECE R FUR R L S RS HEI . AR
FEdh, FRHR3. 2R S BT AR 7738, SR DFLRY B b )
ORI AL EE, w32 AR A, HTMES . 45l
A2 [ 5 S v VR Al 7K R R, FR R A bR R 51 T
TER, R E KR IR T L EME, SMEZE
85%~115%Mf, T[N MEAH] R,
I Vi 7o
TR
134 (il

ik . ACQUITY UPLC BEH Amide il #:
(2.1 mmX150 mm, 1.7 pm) ; FH#: 35 °C; HEEEE
e 2ul; WiE: 0.3 mL/min; %21 AN20 mmol/mL
HRR W, WEMHB NN B E PR T -
0.00~3.00 min, 15.0%~40.0% A. 85.0%~60.0% B:
3.00~6.00 min, 40.0% A. 60.0% B; 6.00~6.50 min,
40.0%~15.0% A+ 60.0%~85.0% B; 6.50~9.00 min,
15.0% A. 85.0% B.
1.3.5 s

SR BSL HHir A EE PR
B ZRMEFRN; E8EBE: 5500V BT
PR EE: 600 C; ML) 30 psis AlEdE <L ).
8.0 psi; ALK SI: 55 psis FHBNRESI: 55 psie HiAth
RS HANR2 TR .

ME/% X100

#2 14 FIHEHMOsHRG B8
Table2  Mass spectral parameters used for the analysis of 14 HMOs

Hhaeom BRI TRE IR

[@/min  (mlz) (mlz) BIE/V  HEeV
LNB 4.14/430 4060  243.8%/202.9 180 36/34
2'-FL 4.96 5112 365.2%/203.2 130 46/50
3-FL  5.09/5.19 5112  365.2%/203.2 130 46/50
3'-SL 5.08 656.2  365.1%/314.0 200 45/40
6'-SL 5.31 656.2  365.1%/314.0 200 45/40
DF-L 5.48 6572 511.2%/365.2 200 53/61
LNnT 5.68 730.0  388.3%/550.2 165 67/60
LNEP-I 6.09 876.4  730.4%/550.1 200 61/75
LNFP-II 6.43 876.4  730.4%/550.1 200 61/75
LNFP-V  620/629 8764  730.4%/550.1 200 61/75
LSTa 5.92 10214 730.3%/550.4 200 54/79
LSTb 6.12 10214 730.3%/550.4 200 54/79
LSTc 6.30 10214 730.3%/550.4 200 54/79
LNnH 6.89 10957  730.0%/964.0 200 70/50

e SERE T MO E AR ZE AR, TR O R XL
Ve, R ER B IS TE0A 20 30 57 ) 1 D F) £ B I 1]
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L4 BRGS0

i FAMultiQuant 3.0% 5% SL 56 20 P 47 b 2, A
Microsoft Office Excel 20165 {1 HEAT- P34 . [R11 % K AH
SThRERZ (relative standard deviation, RSD) ZE%#E i)
TS, f#H Origin 20183 FREAT B 23] o

2 ZRESH

2.1 AR
2,11 FESHmL

B Al 5 VR N 1 ng/mL KR SRR, AL
WA B, RASNE T RATELSLIERE, HiEHENE
POHEAT %A A . B 280 BT IE 57 B T P RS 30 g AT
QU S5 E W 14 FHHMOSTE IE B FH X N B RS>
FETEMANal", 7B TR SRS T8 TN
IM—H], 53CHR[3014RIE 25 B AT X b IE 5 B+
BN B4 W5 1 3 W e S SR E, 14 FRHMOsIE
B AR R0 By B B e g . 5 BE 351 KT 4 B S
TR E RS T, RE R R TR T .
HArb &R ik — bl fe, E/9 8 FR#EsEST
AT H ARG YD B S, AR S 8 B
TETRAEERT, WNEERKKTFETENEEE
Ty B R 2 O M A ke 2 A F e R 48 R 4
ZHGATIAL, LS 4 R R 2R .
2,12 BRI

TR 0 7 R KB EE, XEIEK
BE P8 L B T S K M AR 1, AE S AH €
DAOREH DRGSR o K 22 SR FH 2 /KA i A 5 B 2540
JRBEAT 43 #2025 AR ELEE T ACQUITY UPLC BEH
HILIC (2.1 mmX100 mm, 1.7 um) . ACQUITY UPLC
BEH Amide (2.1 mmX 100 mm, 1.7 um) . ACQUITY
UPLC BEH Amide (2.1 mmX 150 mm, 1.7 pm) PLK
OSAKA SODA CAPCELL PAK ST (2.0 mm X 150 mm)
4 PSR KAE F B A H AR &0 3 B ROR . Bl
FT7~, HILIC (i bk A ST ik A %4 H Anfb & ¥ i AR B g
N, o SRR TG e, Hp ST 6 A SR R
BEK, DEBCREAE. Amideth il H R =54 R
HOE i B Re 1A, X RESR Y A B R B UR, LR
X EbME G4 IR R A Re i ML S, B
FIF R O HERf P o HH T30 SR WE 78 70 b 2 kAR AR iE
PG, B AE o B Fh o B 2 1) 5 4, LNB. 3'-FL.
LNFP-V 3 /™ H AR A 9 1 (it i 30 1 0 35 1 7 24 301
% B SZH100 mmAJAmide ik, 0T EER 4
53 i 2 2 ) S A A AT T R UG, e e G O £ A
MEKE, £ CRE LML B8R, N TET
HifER14 FIHMOs B 73 B 150, 73 il 4: il T SHMOs Al
NHMOs FJ#BUE 7 ik K, 2R B2 R, 4 H
150 mm¥ Amide B A1, 4 2[5 4> T MR R 0ok i i

Z= A A AR B 4y B AR B b, R HERRME R A
3, R &%EFFACQUITY UPLC BEH Amide &1 4%
(2.1 mmX 150 mm, 1.7 um) NHTEE.

1294 A
S g
X
=44
&
4];:
O_
T T T T T T
2 3 4 5 6 7

£R G ) [B] /min

B
16J\J\M\
0 -

T T T T T T
2 3 4 5 6 7

PR BTN (6] /min

i B AE (X 10%)
oo

C
~ 6-
&
X
3_
o
&l
0_
T T T T T T
2 3 4 5 6 7
LR B [8]/min
44D
g
X
~ 2_
fm
B
0_

2 3 4 5 6 7
{5 B4 1 7] /min

A~D.% 5 NACQUITY UPLC BEH HILICt: 4 (2.1 mm X 100 mm,
1.7 um) . OSAKA SODA CAPCELL PAK ST i (2.0 mmX 150 mm) .
ACQUITY UPLC BEH Amide(@iff: (2.1 mmX100 mm, 1.7 pm) .
ACQUITY UPLC BEH Amide(@i¥f: (2.1 mmX150 mm, 1.7 pm) .
1 AWAEFEAR M FHMOs S 3 i (i
Fig.1  Total current ion chromatograms of HMOs using different

chromatographic columns

64 A
277 DF-L
S 4 )
X ) LNB
@ 2-FL \LNnT
2 7 3-FI| | LNFP-I
E 1 n LNFP-V
Il MNFP.H LNnH
0 T T T T 1
3 4 5 6 7 8

PREAIN [E]/min
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6B
~ 5] 6-SL
S LSTa
=4
o
£ - LSTb
= I\ MLSTC

0 T T T T

3 4 5 6 7 8

L ER () /min
¥2 9 FINHMOs (A) K5 FSHMOs (B) e B 1tk

Fig.2  Extracted ion chromatograms of 9 NHMOs (A) and 5 SHMOs (B)
213 IBhAHRER

H T H bR A& P b A7 AR K B[R] 4y S 4 A R i A 22
[r) S A A, KT i U (1 43 B R R R U Y SR v,
IEAEGR AN AR A IR, AR T GE B AR S P I
TGy BEROR, AERERI T o b, B el R R D
R0 ARBIFE 4y A 5 T K-~ 5 mmol/L H I
W- 5 10 mmol/LF BR 4 v Wi - . B~ 20 mmol/LH
FRE VW - G4 PR AR 565 H R4 & P B 12 53 55
FERIREIE . anEI3HTR, FEAHE IVREhAE ST, HEXS 43
TR B H bRk & e BL5E FE AR, SHMOs 1
N7 558 BE AR T AHIE 2 T INHMOs il 5 R e iRk 1
(138K, SHMOSs M B 55 232 81 48 Kk, NHMOs UK #
s REIETHEE FRERES, ZHAE10 mmol/LI ik 3
. AEXT Ay B E R JTIH, ASHMOsH'3 A4~ 7 1
J BRI R 43 MR LS Tay LSTb. LSTc A, i
AN AK- GRS, PR ER B TAN L w358 BF 8K HL 58
BTVEEIT B AN, HAEGAEHE ErRE
RO IG5, VYBR[ e SR R RE OR L B
PR, AR B T 20 mmol/LIR 43 B 2% SR e i . 1t
Gb, HA3 WS AR NS S et S 44 44 1 40 8 3
Bt o5 FR B e oA P ) B K T 3G K . B AR 7E20 mmol/L R
B A TR B A W (e S5 B AT BT R B, AR BRI ) A
FERUIN, RIS 2% 8 B 1R 23 5 B 56 A R T [R] 43 e A 4
o P HER T, DR R 4 3620 mmol/L W IR 1 - &
SR iR sl .

6 Ay
=
= 2 LSTa
T4
- LSTb
E 5 LSTc
0_

T T T T T T T T T 1
2.5 3.0 35 4.0 45 50 55 6.0 65 7.0 7.5
LR 54 5] 8] /min

~
1

LSTa

LSTb
LSTc
0

T T T T T T T T T 1
2.5 3.0 35 40 45 50 55 6.0 65 70 7.5

i AR (X109
™~
1

LR BB 7] /min
A,

~ 44
E
X LSTa
=
% LSTb
= LSTc

0 -

2.5 3.0 35 40 45 50 55 6.0 65 70 7.5
£R BE B [8]/min

A

i AR (X 10

SN

T T T T T T T T T 1
2.5 3.0 3.5 40 45 50 55 60 65 7.0 75
PR B S ) /min

14 B O 5 mmol/L H g4
1.2+ O 10 mmol/L H B4
1ok B 20 mmol/L H! R %%

S
SR R PR e

v 5T VV§\$\§VV\?V

HMOs
THARL~4.53 512820 10+ 5 mmol/LH ER%%- 2§ RIK- 2 M«
B3 ERER LT 14 FRHMOSR IR S8 IE (A ) KLSTa. LSTh.
LSTesy BFLE (B) (#1550
Fig.3  Effect of ammonium formate concentration on the MS response for
14 HMOs (A) and the separation efficiency of LSTa, LSTb and LSTc (B)

22 ETARERZARIEAL
22,1 EHHABRYUETERER

FEREAT DRVE AT AT, 75 2o 7 2230 2L Ay A0 BLKE SR
NGRS Do S N R R/IR; i =4 = Do i R
AERRAUIEE" SRR CIF RSN, K
THEROERAB PR EAR, FN#RBREEYARZ
SN, EFEEER R A YUE TR

SR POV A I R R I pHAEL, S IA B E
RN R > T LA P ETIR S RAT B, BB TR
FEAE 0955, BRI . LR E AR EE A
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B, HEEHSLR46, RIS EE R E AR
IINIE &) LFRIAW, K HpHE T £4.6+0.1, FFIUNE
FeopTH, FERA IO JE TS SRS EALIER .

CEEDURE IR G DU 2 8 i R RE R R I A [F]
WEEIANLER, WA B b e, 8 AR,
IFi) B U B 1 0 R A 43 - 3R T K AL 2 A8 7 T SR R UL
VE o ASLIGHUR G AL mL, 23 A0 AN AR 2 5
HN100% 80% 60%[1) M5 7 WA ARFL 73 £ 100%
80% 60% M) LIEHW, EARE10 mL, FryliE 70
RO R IE AR, LI

WEARTR, R U 14 F B AR & Y010 5]
WO BE A G R R B BRI TR O, 4 D4l S G T
VEFIE, AR R BRSBTS, B RER
MIUTTE R, H A &9 5 20 Ko7 R4 T L0
VE, JUFBEENL . B SIS B B, DlTE s
AR S, YIRS E NN, X HARL AR
Wi WA N, OISR R 60% T, X H PR A
VI s /N e MELZ T, SR SRR RUTIE AN, R
LA A, AN [FHARFR 5 B0 £ B AR e 75 i
HArAb &5 A B E, o 4l L BERI80% £ B i
T RIS 28 0 B T 60% S BV, ELUTTE J5 ¥ 1 EE S
e SFHLSUTIE R B ARG P 0 [ S i i
14 Fp B bRACA VI3 RESE Bar H B, (BT = AR B DT 42
IR, G R TEwh, ldE OBERR 2, DAUR
FHUE4GE JEA T BR R yiiE, FF BT pHE RS+ R
SAEHpHIIE, HAEME T ABEDUREE N IR, %
G2 RS LR e 775t B AR LA P IR R . 7
MR SRR M O FR B, B AR BT/ 100% L1
YERDTIER -

B100% 5 B80% LA B60%ZHE W100%Z.EE
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Fig.4  Effects of different precipitants on the recovery rates of 14 HMOs
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ARSI L T AN [R] A R il B AT [E] 2% R0 B AR AL S A [l

W, 2 nlE4. —18. —21 ‘C44E T30 min.
1 hy 8h. 24 hEBIMbr B 450K, 4 TR
FAFT, A8 hl BRI L, —18. —21 CAK
25 A X TE SO R S I 22 AN B I, YA R 1 b BRI A 2
B EICR, 256 R A AR S &R, Ak
PE—18 CA1 hilb TBRAE
23  MEWEM

SEBG X E T 2 UM R AR LR R IR 45 1F R IRIME,
FHFR3ATAL, 14 FIHMOSTE 4 95k A 2E 5852 Fh I i v 1
MESrT96.1%~110%2 [f], UAMEARHE, ik H
T 7R 20 ) RU AR HE T f 2 R T i AL SR IR I T R

43 14FHMOSMZEPEE. Zelift. o R%. LOD. LOQKME
Table 3  Linear ranges, linear equations, determination coefficients,

LOD, LOQ and ME of 14 HMOs

Hir iR P 2 LoD/ LOQ/ EAM ik
&M (pgml) : - (ug/mL) (ug/mL) ME/% ME/%
INB  0.05~1  y=3061760r—65642 099985 0005 0015 988  96.I

2-FL 0.05~1  p=4844150x—315988 099988  0.003 0.010 101 98.9
3-FL 0.05~1  y=2033590x—228137 099973  0.002 0.007 105 103

FSL o 005~1  y=571290x+43969 099984 0.010 0.034 102 100
6'-SL 0.05~1  y=1170590x—40845 099929  0.009 0.031 109 104
DEL  005~1  y=1279710x—24477 099948  0.002 0.007 101 103
LNnT  005~1  p=744452—41366 099904  0.009 0.029 108 105
LNFP-I - 0.05~1  y=840617x—70232 099427  0.019 0.064 106 102
LNFP-II ~ 0.05~1 y=91233x—2108 099981  0.020 0.067 108 994
LNFP-V  0.05~1  y=505676x—35058 099790  0.011 0.038 110 105
LNnH  0.05~1 y=28397x—4273 099675  0.048 0.161 99.6 9.5
LSTa  0.05~1 y=231135:=3487 099984  0.011 0.036 106 98.1
LSTb  0.05~1 y=1.02504—1045 09990  0.027 0.091 105 101
LSTe  0.05~1 y=11355Tx—1288 09996  0.033 0.111 102 997

2.4 JTIESAEIIE
241 briEHIZRE E BT

Be il 14 FRHMOs B R G G AR eV, DA T AR
MALAR. BUEIRE (png/mL) ABEARKR, Zlbrik T8
Bk, H%HRb ML EE e 25 (R . W
R3IFT7R, 14 FIHMOSTE B 52 I 57 & 5 30 [l 9 23 R
PR TE R FR, RMHLE0.9940L . ARG =31H 5K H!
fR (limit of detection, LOD) , PARy\ =105 ¢ =R
(limit of quantification, LOQ) , 14 FfHMOsHILOD7E
0.002~0.048 pg/mL [8], iZLOD AL & 52 hRFE i o 3,
Hr HHHMOsKEI ) 75 3K -

242 JRiERIEISCR AR %

K AL TG B 2% A 7E 4 08 0 25 08 R R 23 (R
2> B IN200. 400 800 mg/100 g 3 AN/KF#14 Fh
HMOsR A PR #EE R, 2176 KFATIE, THHIT%m
PR ARSD . HHRAT AL, BRIk 5 14 Fh
HMOs [#]°F- 2 B 1 2 ££90.3% ~109.2% 2 8], RSDA
0.7%~9.7%, ¥I/NF10%, RWTTIENMERE . EH
PEAF, FrE LR FHMOsHI 2 HT oK .
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4 14 FHMOsH S IR FIRSD (n=6)

Table4  Recovery rates and RSD of 14 HMOs from spiked milk
powder samples (n = 6)
H 5 7S TR % RSD/%

e (mg/100 &) B e A G A L)

200 95.6 99.1 6.1 6.5

LNB 400 101.1 104.3 7.7 4.1

800 102.4 106.6 1.5 4.7

200 104.8 94.9 5.9 8.8

2’-FL 400 105.1 103.1 3.8 2.3

800 108.0 107.4 5.1 8.1

200 107.6 101.2 4.3 1.6

3'-FL 400 102.2 108.7 5.8 3.9

800 101.5 102.3 1.5 55

200 93.4 95.7 7.8 9.7

3'-SL 400 105.0 106.8 2.0 1.5

800 102.4 108.0 5.1 4.7

200 104.6 92.8 2.8 2.1

6'-SL 400 98.3 102.0 4.8 5.0

800 95.5 98.0 3.8 1.1

200 102.3 102.1 8.9 1.6

DF-L 400 101.0 101.2 3.7 3.6

800 97.9 91.2 1.2 2.1

200 96.2 96.2 1.7 7.6

LNnT 400 101.7 106.6 6.8 2.7

800 104.3 101.4 1.9 6.1

200 105.4 108.0 4.1 2.6

LNFP-1 400 100.2 105.4 2.0 1.7

800 101.9 108.9 0.8 2.3

200 101.3 98.7 0.7 1.0

LNFP-1I 400 104.6 100.3 8.7 6.1

800 103.3 103.2 2.6 1.1

200 109.2 102.9 0.7 53

LNFP-V 400 105.5 102.4 35 2.8

800 109.0 106.8 8.7 38

200 105.1 98.9 6.3 9.5

LNnH 400 101.3 98.7 1.9 8.1

800 99.7 103.2 8.8 5.8

200 100.8 107.2 2.4 74

LSTa 400 108.0 106.9 4.8 7.0

800 104.4 101.0 4.9 32

200 91.9 95.4 59 54

LSTb 400 101.2 97.2 8.4 3.1

800 103.3 103.1 35 4.7

200 95.6 90.3 5.9 5.1

LSTc 400 109.0 97.0 1.7 7.7

800 105.4 100.7 8.2 2.8
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BAE, WHRVEEAM . AERRMEE AR L.
BT e, Sy g, FE9 min, [
I AN 52 LB 2 B GOS T3, AE AR #Eff 1B 5 RLAR

o ST T VA, 2 Bk N U T kAT B
78, B BAs b SR REeb . RBUEEIR. &b
Prid, ATk BATRT B RIE . AT TR R
Bl S, W SEBN 14 FTHMOs I PRE 74T o

25 AJrik S CHGEHMOsKM i ik i b4

Table 5  Comparison of the proposed method and previously reported
methods for the determination of HMOs
o il NP / %
ERRH Hir g I il L0Q B

© hkabEE % B [i/min ik

L A 5:”%"\2 N 3 51~12.
mwin 2 VUEE R, ihews
BILEAER 7 ., fi't  HPLC-FLD 52 12~0mgldg 25
AL 6 itk UPLC-MSMS 117 1.5~5.0 pg/mL 28]
AL 1 LEE UPLC-QQQMS 40 / 30]
AL 0 LR HPAEC 65 / 133]

B AR 14 CEUE HILCMSMS 9 0.007~0.161 pg/ml Ak

2.5 SEBREES BT

JEHCTT 6 3 2R ) LBC 7 FUb g R I, s =B
BOLRC T R4 A (BEF~4) o DB LB LR A
(FEAS) o ZBEJLE AR LA (FEf6) , o Fe
1 ~478 355 FPASFRIFPE & R ITHMOs, FEfS~675A2
HMOs, ®AFEREET2 ICPATSEN, R WEISHR. &6
Sy SEME =T RE, LR TR R R R A S B A 1% H AR
Sy BT AE A S A R B R A W = SR AR 5 i A I 45
RITERER £20% 0L, 4GB 13432—2013 (Tt
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Fig. 5 Ratio of measured to labeled values of HMOs in real samples
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