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Quantification of 14 Human Milk Oligosaccharides by Ultra-High Performance
Liquid Chromatography Coupled with High-Resolution Mass Spectrometry

GUO Min' YANG Qin™ WEI Xiaojing' WANG Linlin' TIAN Fengwei' ZHAO Jianxin'

(1. School of Food Science and Technology, Jiangnan University, Wuxi 214122, China; 2. Wuxi School of Medicine,
Jiangnan University, Wuxi 214122, China)

Abstract: [Objective] To establish a method for quantifying 14 human milk oligosaccharides based on ultra-high
performance liquid chromatography coupled with high-resolution mass spectrometry. [Method] The supernatant
obtained by centrifugation of defatted human milk was loaded on an Waters ACQUITY UPLC®” BEH Amide
column (2.1 mmx100 mmx1.7 pum) for gradient elution, with 25 mmol/L ammonium acetate solution and
acetonitrile as mobile phases. Data of human milk oligosaccharides were collected by parallel reaction monitoring
in the positive ion mode. Quantitative analysis was performed with the external standard method. [Result] The
calibration curves of 14 human milk oligosaccharides were linear within the mass concentration range of 0.10~
100.00 pg/mL, with the correlation coefficient=0.980 2. The limits of detection and limits of quantitation were
0.05~1.00 pg/mL and 0.10~5.00 pg/mL, respectively. The recovery of each oligosaccharide added to human milk
ranged from 78.03% to 105.23%, with the relative standard deviations ranging from 0.14% to 5.86%. The
established method was then employed to quantify human milk oligosaccharides in the samples from different
ethnic groups. [Conclusion] The results showed that this method could rapidly and effectively detect human milk
oligosaccharides in the samples from different sources, providing technical support for the research on human
milk oligosaccharides.
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Table 1 Information of standards of human milk oligosaccharides

REALC I b TR CAS 5 Uiae) AL %
2-FHHEREFLRE(2°-FL) CH;,0, 5 41263-94-9 3010101010 98.90
3 HRE FLBE (3°-FL) CsH3,0 5 41312-47-4 — 92.40
3°- W 3 1% LB (3°-SL) CpH3NO 35890-38-1 3070701021 95.20
6’ -MEE ViR % L 9% (6°-SL) C,;HygNO,o 35890-39-2 — 98.90
FLIE-N-PUBE CLNT) C,H,NO,, 14116-68-8 3050501021 86.62
FL I -N-7 DY B (LNnT) CHysNO,, 13007-32-4 3020401010 99.40
LB -3 5 35 P B% (DF-L) C,,H,,0, 20768-11-0 7G-10026 >95.00
FLEE-N-4 ¥ LB ICLNFP-D C;,HssNO,s 7578-25-8 7G-10048 >90.00
FLEE-N-4 3 OB T(LNFP-ID C;3,HysNO,s 21973-23-9 ZG-10049 >95.00
I Y7 5 7L -N-PU % a(LST-a) C;,H,N,0, 64003-53-8 7G-10056 >90.00
i 37 4 LB -N-PY % b(LST-b) C;,H;,N, 0, 64003-54-9 7G-10058 >95.00
e 37 5 LB -N-PU B c(LST-¢) C;,H,N, 0, 64003-55-0 72G-10059 >90.00
W Y 3 AL E -N-PU B (DSLNT) C,H;N;05, 61278-38-4 7ZG-10064 >95.00
FLEE-N- % % /N FE IILNDFH-ID C;HgsNO, 62258-12-2 7G-10189 >90.00
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Fig. 2 Extracted ion chromatograms of partial human milk oligosaccharides at different temperatures

22 RiEFHHMKL xS B bs A S AT 0 M. 5 4% Gt 2 S N i 0 AR

AT R WAL G — P T R o R SO0 H AR BESS T RE E  F E F EAT RN O
5V B S A I A MR DU AR AT O M A O AT R M A X AT SR AR AR B I T R
BRED A LPUE T IEE IR SRR T, TR ESRER R REE R AR+,
FAE Al AR O FEEAT R R R M RO BE 0 BRSNS S S b R T B T R R R
WGP RE THRTA RPUERAER N BRA BRI RAERE. BAh, G2 R

157



158

Journal of Food Science and Biotechnology

158 3 32 R AE a8 B4 A, TP AT R i AR =
BRI AT 3R A5 H A5 A6 & W ot 2R FE () — i i 45 5
A [E] % H AR S AT e 1 A E BT
FEZMEFE R, DL & B2 1.00 pg/mL [ A5
HE AR R A TP AT ORI AR R & A
VIR H bR B AR RE 2 . B E R R,
fEIE B 78 X N, 2-FL. 3’-FL. 3’-SL. 6’-SL.
LNT.LNnT.DF-L # 7= 4= [M+H]" & f1[M+Na]"
I, H.UM+Nal" i ) e 57 35 L - [M+H ] .
I, Bk 7 Bl BEFLAR R BE 3 DLLM+Na ] W 4E 4 H b5
BE B 7 08 5 [8) FE (0 07 %, 3 BELM+NH, ] I fE R

S8 27HI 2024 FE 12 B | BREEMHEARFR

LNDFH-I ¥ H A5 B 5 7 0 ([ M+H T W 4E 9 ) 2
6 Fif B} FUARSKNE (K B bR BEES 10 . Bl 5, 38 1 #R1F
ERSEVRIRTE 4SS - NEIRTE - =R
[ Gl e 5 vk s R TS A - IS
FE 29 0 F g 2 FE 5% I 1) Al 48 B R D S B A
Wi A&, Rk B AR E FEE R AN T
THEANTETE T, FANNERENCE TS
TRERUE2. REHHEREOIERESEE, T
SPAT N M AR R 8 14 Rl R FLAR SRBE 6 R
I 1), S A 2 A T 14 Foft B LG SRR bR 1 S 11 B R
BrRaiEELES.

®2 4MEARRBENRIESH

Table 2 Mass spectrometry parameters of 14 human milk oligosaccharides

BEFLAC SR bE £ B 1 ] /min & 75 2 BESS T m/z ERET BT mlz Tl 4 B 5 /e V
2°-FL 9.66 [M+Na] 511.163 34 325.113 62 30
3’-FL 10.30 [M+Na]" 511.163 34 325.113 74 30
3°-SL 9.00 [M+Na]" 656.221 25 292.103 27 30
6’-SL 9.94 [M+Na]" 656.221 25 292.103 36 30
LNT 13.19 [M+Na]* 730.237 63 366.140 87 30
LNnT 13.33 [M+Na]" 730.237 63 366.140 90 30
DF-L 11.95 [M+Na]' 657.221 25 309.118 59 10
LNFP-I 14.62 [M+H]" 854.313 59 512.198 97 10
LNFP-II 15.24 [M+H]" 854.313 59 512.199 10 10
LST-a 12.17 [M+H]' 999.351 10 657.234 62 10
LST-b 12.64 [M+H]" 999.351 10 657.236 45 10
LST-c 12.92 [M+H]" 999.351 10 657.234 99 10
DSLNT 12.59 [M+H]' 1290.446 52 948.336 73 10
LNDFH-II 16.53 [M+NH, ] 1017.398 05 512.199 04 10
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Table 3 Linear ranges, limits of detection and limits of quantitation of 14 human milk oligosaccharides

BEFLAR RN 236 Fl/(pg/mL) LIPSES4 A BR/Cug/mL) B R /Cug/mL)
2’-FL 0.10~100.00 0.999 7 0.05 0.10
3’-FL 0.50~100.00 0.980 2 0.20 0.50
3’-SL 0.50~100.00 0.991 3 0.20 0.50
6’-SL 0.20~100.00 0.995 0 0.10 0.20
LNT 0.50~100.00 0.993 0 0.20 0.50
LNnT 0.50~100.00 0.993 0 0.20 0.50
DF-L 0.50~100.00 0.988 1 0.20 0.50
LNFP-1 0.25~100.00 0.980 8 0.10 0.25
LNFP-II 1.00~100.00 0.998 1 0.80 1.00
LST-a 1.00~50.00 0.998 2 0.80 1.00
LST-b 1.00~50.00 0.995 1 0.80 1.00
LST-c 1.00~50.00 0.991 6 0.80 1.00
DSLNT 5.00~100.00 0.996 5 1.00 5.00
LNDFH-II 1.00~100.00 0.992 9 0.80 1.00

R4 UMEAMBEODEE ENITERERERYNER

Table 4 Recovery, relative standard deviations and matrix effects of 14 human milk oligosaccharides

BEAACERE Ji IR /(ug/mL) 5105 /% T A A A 22 /% HE TN /Yo
0.10 — — 97.74
0.30 78.03 5.20 85.68
2’-FL
10.00 88.60 4.21 83.49
75.00 87.70 3.75 90.41
0.50 — — 85.60
1.50 81.60 3.23 79.90
3’-FL
10.00 85.70 0.78 78.17
75.00 101.40 0.25 105.50
0.50 — — 87.38
1.50 91.02 0.14 89.16
3’-SL
10.00 88.93 421 106.01
75.00 93.50 0.23 104.87
0.20 — — 73.10
0.60 98.40 0.56 110.76
6’-SL
5.00 85.75 1.20 81.63
75.00 104.30 4.96 89.68
0.50 — — 81.81
1.50 88.90 4.21 87.48
LNT
10.00 85.62 4.96 86.59
75.00 86.30 3.25 97.09
0.50 — — 90.66
1.50 89.20 3.02 85.46
LNnT
10.00 95.70 0.58 102.44
75.00 100.63 5.64 112.73
0.50 — — 84.08
DF-L
1.50 91.00 2.36 84.20
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B ALK R B Jo B ¥ /Cpg/mL) B i 28 /% AR R A Al 22 /% HE BN /%
10.00 96.50 0.18 104.56
DF-L
75.00 105.23 0.23 121.38
0.25 — — 100.80
0.75 93.56 1.38 80.50
LNFP-1
5.00 88.74 2.54 104.79
75.00 79.63 4.03 100.12
1.00 — — 75.77
3.00 83.69 5.04 83.39
LNFP-II
25.00 96.30 2.96 102.61
75.00 97.56 1.85 94.30
1.00 — — 86.26
3.00 84.25 4.03 93.12
LST-a
25.00 88.96 0.54 93.64
75.00 99.41 1.21 103.60
1.00 — — 79.17
3.00 98.36 2.03 70.53
LST-b
25.00 95.28 3.96 73.20
75.00 89.70 1.98 119.49
1.00 — — 94.05
3.00 93.65 1.04 82.23
LST-¢
25.00 96.76 5.86 90.90
75.00 95.71 2.23 119.49
5.00 — — 100.97
15.00 98.42 3.68 91.33
DSLNT
50.00 105.21 1.25 84.58
75.00 96.34 4.63 87.98
1.00 — — 75.47
3.00 99.80 1.25 86.65
LNDFH-II
25.00 95.36 0.56 95.18
75.00 86.58 2.98 82.53
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Fig. 4 Mass concentrations of 14 human milk oligosaccharides in human milk samples from different sources
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