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Determination of six human milk oligosaccharides in infant

formula milk powder by ion chromatography

ZHANG Jiaqi LI Yunxuan WANG Lulu ZHANG Shuifeng
PAN Xiangjie SHI Yuanxu QUE Liming

(Zhejiang Fangyuan Test Group Co., Ltd., Hangzhou, Zhejiang 310018, China)

Abstract: [ Objective] To establish an ion chromatography method for the simultaneous determination of six human milk oligosaccharides
(HMOs) in infant formula powder. [Methods] The samples were enzymatically hydrolyzed using fructanase. Gradient elution was
performed with a mobile phase consisting of water, 0.5 mol/L sodium hydroxide, and 0.3 mol/L sodium acetate. Separation was carried out
on a Thermo Fisher CarboPac™ PA1 Analytical Column, and detection was performed using ion chromatography with pulsed amperometric
detection. [ Results] In milk powder, 2'-fucosyllactose (2'-FL), 3-fucosyllactose (3-FL), and lacto-N-tetraose (LNT) showed good linearity
within the range of 1~100 mg/L, while lacto-N-neotetraose (LNnT), 3'-sialyllactose (3'-SL), and 6'-sialyllactose (6'-SL) exhibited good
linearity in the range of 0.5~50.0 mg/L, with correlation coefficients all greater than 0.999. The limit of detection (LOD) for 2'-FL, LNnT,
3-FL, and LNT was 10 mg/100 g, and the limit of quantification (LOQ) was 30 mg/100 g. The LOD for 3'-SL and 6'-SL was 5 mg/100 g,
and the LOQ was 15 mg/100 g. The average recoveries of the six HMOs at low, medium, and high concentrations ranged from 98.0% to
101.0%, with relative standard deviations (RSDs) between 0.3% and 2.4%. In actual sample analysis, when the content of the six HMOs
ranged from 0.1 to 10.0 g/kg, the RSDs were 0.5% to 9.4%. When the content ranged from 10 to 100 g/kg, the RSDs were 1.4% to 4.0%.

[Conclusion] The proposed method meets the requirements for routine analysis and is suitable for the determination of six HMOs in
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various infant formula powders containing HMOs.
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Table I Mobile phase gradient elution procedure
W] /min i /(mL-min~ ") A /% B /% CtH/%
00.00 1.000 85 15 0
20.00 1.000 85 15 0
25.00 1.000 75 15 10
35.00 1.000 75 15 10
40.00 1.000 52 18 30
48.00 1.000 52 18 30
48.01 1.000 0 20 80
53.00 1.000 0 20 80
53.01 1.000 85 15 0
60.00 1.000 85 15 0
K2 MRERIITIEARKRESH X
Table 2 Preparation table of standard series working

solution mg/L
AW fEE P FrifE 280 T AR TR
#4y MWW W STD1 STD2 STD3 STD4 STD5 STD6
2'-FL 10000 1000 1.0 2 10 20 60 100
LNnT 5000 1000 0.5 1 5 10 30 50
3-SL 5000 1000 0.5 1 5 10 30 50
3-FL 5000 1000 1.0 2 10 20 60 100
LNT 5000 1000 0.5 1 5 10 30 50
6-SL 5000 1000 05 1 510 30 50

ER(LE T E{IR) -3 SURT V=g ot

124 £MEXFR RAH M ENE 6 fl HMOSs 5 i
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125 Fe i BRAE SR 38 oD 6 Fh HMOs A5 #fE T4
FEILL 3 A5 5 W e (S/N=3) it X 17 4 s 00 o 8 353
PR PR LA 10 A5 05 M Ltk (S/IN=10) X 57 19 H b5 40 e
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Figure 1

Ion chromatograms of reference materials and

representative  samples  before  optimizing

gradient elution procedure
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Table 3 Linear equations, linear ranges, and linear
correlation coefficients of six HMOs
ke L/ LB
HMOs . 2tk r e i 2
(mg-L ") R

2'-FL 1~100 y=0.853 2x+0.620 0.999 6
y=0.593 5x+1.229 5 0.999 0

y=0.545 1x+1.084 7 0.999 1

LNnT 0.5~50.0 »=0.526 1x+1.079 6 0.999 7
y=0.501 6x+0.270 5 0.999 4

y=0.426 9x+0.317 1 0.999 4

3'-SL 0.5~50.0 y=0.362 4x+0.425 3 0.999 4
»=0.292 3x+0.251 4 0.999 1

y=0.267 4x+0.145 0 0.999 3

3-FL 1~100 y=0.486 7x+1.124 2 0.999 0
y=0.452 7x+0.870 8 0.999 0

»=0.584 6x+1.4613 0.999 0

LNT 1~100 y=0.370 4x+0.673 1 0.999 2
y=0.376 2x+0.858 0 0.999 3

y=0.467 2x+1.077 9 0.999 2

6'-SL 0.5~50.0  »=0.390 9x+0.448 2 0.999 0
y=0.377 4x+0.302 8 0.999 1

y=0.561 3x+0.782 2 0.999 3

2.3.2

R i BRFDSE BEER b 4 T, R R B R,

2'-FL .LNnT.3-FL .LNT (4 #; R 24 10 mg/100 g, & & B
330 mg/100 g;3'-SL.6'-SL AY A i FR > 5 mg/100 g, % it
PN 15 mg/100 g,

233

) REFIORT 2% B2 3R S AT, 3 R AR KSR

x4 6FMHMOsHIRHREEEMR

Table 4 Detection limits and quantitation limits of six HMOs
S HMOs f’jH". I5§/7 7%%!‘[%/7

(10 ?mg-g ") (10 *mg-g ")
FEFT1CEE % 2-FL 10 30
ALzl br) LNnT 10 30
3'-SL 5 15
3-FL 10 30
LNT 10 30
6'-SL 5 15
HeF2(H8 5y K 2'-FL 10 30
REEAR)  LNaT 10 30
3'-SL 5 15
3-FL 10 30
LNT 10 30
6'-SL 5 15
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Table 5 Recovery rates and precision of six HMOs (n = 6)

- MO T o v B L TIAR T i vk BE 2 T O ek v B 3
SE IR/ % A% FIECR%  REEE% FIHECR% R %
T 15 B FL R 2-FL 100.2 0.7 100.2 0.7 99.7 0.6
LNnT 99.8 0.8 99.6 1.0 99.0 0.5
3-SL 101.0 0.5 100.3 0.6 99.8 0.4
3-FL 99.7 0.8 99.9 0.3 99.8 0.6
LNT 100.1 0.8 99.9 2.4 100.5 0.8
6'-SL 100.6 0.5 100.5 0.9 99.7 0.5
FEF 25K AR FI L) 2-FL 100.5 0.4 100.3 0.4 99.9 0.8
LNnT 99.6 0.7 99.9 1.5 99.5 0.5
3-SL 99.8 1.0 99.8 12 99.8 0.6
3-FL 99.9 0.6 99.6 2.1 99.9 0.8
LNT 99.5 0.8 98.8 1.1 99.0 0.5
6'-SL 100.4 0.8 98.0 1.6 99.5 0.6

T 2-FL AR v BE 1A 8 mg/L, AR 3 Hk v B 2 57 40 mg/L, JIAR T 4k % B 3 47 80 mg/L ; HiAth 5 Al HMOs A9 bR I fiE v BE 1A
4.8 mg/L, JbR BRI 2 0 24 me/L, IR 5T v % 3 00 48 mg/L,

BES ) 25 R 4 E SR, dE 4 B S, 45 H
Pl 55 2 Jo U 10T R A1) 43

2 6 1T, B¢ HMOs &5 it 25 0.1~10 g/kg i,
RSD H 0.5%~9.4% ; 4 & & o' HMOs & i 24 10~100 g/kg
fif, RSD }y 1.4%~4.0%. TF B3 50 J7 v 06 /2 H #4675
SR AT HE) R T BB FLR H HMOs 2 & 1) 5 et il

6 HMOs - 34 [ 3R N 96.2%~102.7% , 4 25 49 0.3%~
2.4% ik & H WK I oK .

234 EBRITERIH R Oy 2 FLR A Al
WA A e B 2L R ARFLRE FL R L AR R R B FL
W B4 K ik B VLR BB PR AR R AE 9 % HMOs 7L
FE S HEAT R, 4351 L& 6 F HMOs Fll 5 F HMOs 19 FL 4

K6 INEHMOsILMEERELME R

Table 6 Precision of nine milk powder samples containing HMOs

68

FESD 1 FEf 2 FEf 3 FEfh 4 FES S
HMOs S E/ S {E/ S AE/ S AR/ S/
(ke ) RSD/% (ke ) RSD/% (kg RSD/% (ke RSD/% ke ) RSD/%
2-FL 1.4 2.0 1.0 1.9 0.7 7.4 13 3.1 1.0 1.4
LNnT 0.6 2.6 03 2.7 0.2 2.2 0.7 1.1 0.3 12
3-SL 0.1 6.3 0.1 5.9 0.1 3.5 0.1 1.9 0.1 6.4
3-FL 0.2 3.9 0.3 8.1 0.2 2.1 0.5 3.5 0.3 1.9
LNT 0.7 3.2 0.6 5.0 0.4 35 0.7 4.8 0.6 3.0
6'-SL 0.1 2.5 0.1 33 0.1 6.9 0.1 3.9 0.1 6.1
K6 FEfh 7 FEfh 8 FEfL 9
HMOs SR/ SR/ S AR/ S AR/
(ke ! RSD/% eke) RSD/% (kgD RSD/% (ke " RSD/%
2-FL 9.9 0.8 24.7 14 247 3.8 14.6 4.0
LNnT / / / / / / / /
3-SL 1.3 5.1 1.6 9.4 1.5 3.4 1.3 3.8
3-FL 2.7 1.5 6.9 0.7 3.4 4.8 3.4 4.7
LNT 5.7 0.6 132 1.8 6.7 2.9 6.4 0.5
6'-SL 1.0 1.2 2.4 7.5 1.2 33 1.1 2.2




F&M | Vol.41, No.5

il B
Resopnse

@ \
> 2.2F1-17.550
100 3-IRNT-30.909 S~ -SL-# 117
Au{\m

A4-LNT- %201;1( | 6-3-SL, 44875

L
10 15 20 25 30 35 40 45 50 55 60
BRI 1)

Retention time/min
B4 &6 HMOsILH R & T &# A

Figure 4 lon chromatograms of milk powder samples

containing six HMOs

500

1-3- L9%4
0

2-17.500
0 5 10 15 20 25 30 35 40 45 50 55 60
PREAI )

Retention time/min
BS &5HHMOsIHHRe & T &# A
Figure 5

W

Resopnse
[SERTRFN
S S 2
S35 3

=3
=

3-LNT-32.000 4-6'-$1.-44,142
SL-44.850
JM,_%

Ion chromatograms of milk powder samples

containing five HMOs

3 gk

F 9% a3 7 — Ff mT ] ARG 0 LR b 20- 7 v R FL
W3- b L L bR LR -NV-DUBE L BE - V=B DU BE 3
TR LR AN 6'- ik Y R LB 6 P A 2L S8 RO S T A —
Jok w2 5 3 o 1% 5 VA T FL A AR LR LR
R R RO R B N A & e E W DN I R e
LRy L T T8 Ao A A A R T OB B 1 T T U

WIS K o 5 2 ) HE— A0 1 T B LS SROBE K
2,

£ % Uk
[1]f& bR, SBPE s, YL I, 55 . 30 F 240 JLEC 7 Wk 4 7 L2
FEBUR R J L [I]. W54, 2022(4): 36-39.
WEI J, GUO Z B, JIANG X L, et al. Research status and
development proposal of infant formula
production technology[J]. China Dairy Cattle, 2022(4): 36-39.

[2] KILVINGTON A, BARNABA C, RAJASEKARAN S, et al.

milk powder

Lipid profiling and dietary assessment of infant formulas reveal

high intakes of major cholesterol oxidative product
(7-ketocholesterol) [J]. Food Chemistry, 2021, 354: 129529.

[3]AUER F, JARVAS G, GUTTMAN A. Recent advances in the
analysis of human milk oligosaccharides by liquid phase
separation methods[J]. Journal of Chromatography B, Analytical
Technologies in the Biomedical and Life Sciences, 2021, 1 162:
122497.

[4] ZBUHE, T, X1 &, 45 R FLAR SRR 5 4y LA B ¢ R BT

KERE BFREZNERHILETAM P oMITIATRE

HEJRE[J]. B S5 P, 2024, 40(2): 1-8.

JIANG Y K, DONG L, LIU H F, et al. Research advances on
the association between human milk oligosaccharides and infant
health[J]. Food & Machinery, 2024, 40(2): 1-8.

[5] I B B 22 H R 22 2 BEFLAR SR B (HMOs) B9 Bh22 6 3R (1]
41E3£Iﬁé%é+&,2023,23(6):452-457
The Chinese Institute of Food Science and Technology.
Scientific consensus on human milk oligosaccharides (HMOs)
[J]. Journal
Technology, 2023, 23(6): 452-457.

[6] GALEOTTI F, COPPA G V, ZAMPINI L, et al. On-line high-

of Chinese Institute of Food Science and

performance liquid chromatography-fluorescence detection-
electrospray ionization-mass spectrometry profiling of human
milk oligosaccharides derivatized with 2-aminoacridone[J].
Analytical Biochemistry, 2012, 430(1): 97-104.
[7] WICINSKI M, SAWICKA E, GEBALSKI J, et al. Human milk
oligosaccharides: health benefits, potential applications in infant
formulas, and pharmacology[J]. Nutrients, 2020, 12(1): 266.
[8]LI W S, WANG J X, LIN Y Y, et al. How far is it from infant
formula to human milk? A look at the human milk
oligosaccharides[J]. Trends in Food Science & Technology,
2021, 118: 374-387.
[91 BODE L. Human milk oligosaccharides: every baby needs a
sugar Mama[J]. Glycobiology, 2012, 22(9): 1 147-1 162.
[IOJHE Y Y, LIU S B, KLING D E, et al. The human milk
oligosaccharide 2'-fucosyllactose modulates CD14 expression
in human enterocytes,
inflammation[J]. Gut, 2016, 65(1): 33-46.

[LL] W50, B, 5K i 06, 45 . 4 b ng L 30y 3L v fU 2R 0 1 s
FGE &4y BrFoE E B (7). 12 ARk 2, 2022, 43(13): 370-378.
LAN H L, SHI'Y, ZHANG L L, et al. Progress in qualitative

thereby attenuating LPS-induced

and quantitative analysis of oligosaccharides in the milks of

four mammalian species[J]. 2022, 43(13):
370-378.

[12] TEN BRUGGENCATE S J] M, BOVEE-OUDENHOVEN I M

J, FEITSMA A L, et al. Functional role and mechanisms of

Food Science,

sialyllactose and other sialylated milk oligosaccharides[J].
Nutrition Reviews, 2014, 72(6): 377-389.

[13] B 0z, A0 0, AR, 55 . BEFLALBEL LT 5 W0 vh 0

B IR A B g R (D). 43 L fdk B S L, 2023(24): 111-

115, 118.
LUHY, FAN CT, ZHU J Y, et al. Research progress of active
nutrients in breast milk formula for infants and young children
[7]. Journal of Women and Children's Health Guide, 2023(24):
111-115, 118.

[14] RUHAAK L R, LEBRILLA C B. Advances in analysis of
human milk oligosaccharides[J]. Advances in Nutrition, 2012,
3(3): 406S-4148S.

[15] 5 F 800, 4 — W, B B8, 55 BEFLAR SRR X 2L 40 LAY £ e 5
W&EMﬁ%%*mmmul*@ﬂwI&JmeQ:

69



70

24 517l SAFETY & INSPECTION

40-46.

FENG X Y, XUN Y P, XUE Y L, et al. Effects of human milk
oligosaccharides on infant health and its application in infant
formula[J]. China Dairy Industry, 2022, 50(9): 40-46.

[16] VAN DEN ABBEELE P, SPRENGER N, GHYSELINCK ]J, et
al. A comparison of the in vitro effects of 2'Fucosyllactose and
lactose on the composition and activity of gut microbiota from
infants and toddlers[J]. Nutrients, 2021, 13(3): 726.

[177HEINONEN I M. Statement on the safety of lacto-N-
neotetraose and 2'-O-fucosyllactose as novel food ingredients
in food supplements for children[J]. EFSA Journal, 2015, 13
(11): 4 299.

(18] BRBTHT, = f, X0V, A5 R O (35— B ik I E B L

2RISR ], A FEAE, 2018, 39(4): 138-143.
CHEN X X, LU J, LIU L, et al. Determination of 12
oligosaccharides in human milk by ultra-performance liquid
chromatography-mass spectrometry[J]. Food Science, 2018, 39
(4): 138-143.

[19] B SCHE . B b IR SR A o ek G Dy 9 i o N7 B HL T R
53 [D]. B Wit K2, 2020: 8-9.

TONG W F. Establishment and application of quantitative
detection method for oligosaccharides in human milk[D].
Hangzhou: Zhejiang University, 2020: 8-9.

[20] % W, B ZE3E, I @, 45 . BR LR RO A UF 50 ik
[E & A2, 2021, 21(8): 369-390.

YANG B Y, ZHAO 1Y, QIAO W C, et al. Research progress

JE].

of Chinese

21(8):

of human milk oligosaccharides[J]. Journal
Institute of Food Science and Technology, 2021,
369-390.

[21] & 05, e K, N DU, A5 L R ORAR 9Ot (G AR T 22 4 L

BE 7 B b 7 Rk LA SRR (9] B 22 A A A 2 4R
2023, 14(24): 72-79.
GAO F, WANG L F, BU H P, 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.

[22] SHI Q, YAN J Y, JIANG B, et al. A general strategy for the
structural  determination of carbohydrates by multi-
dimensional NMR spectroscopies[J]. Carbohydrate Polymers,
2021,267: 118218.

[23] GALEOTTI F, COPPA G V, ZAMPINI L, et al. Capillary

electrophoresis separation of human milk neutral and acidic

2-aminoacridone[J].

oligosaccharides  derivatized  with

B 2838 | 20254F 5 A | BRaRSHM

Electrophoresis, 2014, 35(6): 811-818.
[24] Bk, 7 k€, SR WIRE, 55 . BEZUAR SRR RS W 75 12 4 B o 3k
JE[0]. HE LS T, 2022, 50(9): 47-52.
YANG Y H, QIAO W C, ZHANG M H, et al. Research
progress on detection methods of human milk oligosaccharides
[J]. China Dairy Industry, 2022, 50(9): 47-52.
[25TASAKUMA S, AKAHORI M, KIMURA K, et al. Sialyl

oligosaccharides of human  colostrum: changes in
concentration during the first three days of lactation[J].
Bioscience, Biotechnology, and Biochemistry, 2007, 71(6):
1447-1451.

[26] 75 2%, w5, AE, 55 . R 20 A% RO B A A 5% dE
O R 2R, 2024, 6(S2): 35-43.

FENG X, GAO F, BIE W, et al. Advances in human milk

R

oligosaccharides detection technology[J]. China Port Science
and Technology, 2024, 6(S2): 35-43.

[27]) BRIL %, F MR, SR/, 45 o [ B 7L P AR RO AR 0 2 i
AEA: DA E AR T X R 9], £ A BLAE, 2017, 38(18):
180-186.

WEI'Y A, ZHENG H L, WU S H, et al. Change in composition
and content of oligosaccharides in human milk from Chinese
lactating mothers[J]. Food Science, 2017, 38(18): 180-186.

[28] ME##, Philip Haselberger, M55, 4 . & T @ik e &3P
SE RO 5 W R AR (V). B R 22 4, 2019, 19(10):
227-234.

CHEN L, PHILIP Haselberger, TIAN F, et al. Determination of

oligosaccharides and free sialic acid in human milk by ion

chromatography[J]. Journal of Chinese Institute of Food
Science and Technology, 2019, 19(10): 227-234.
[29] FRBCAL, AL, 77 Wl % . 2 1 % 5 BORUAH (3 — B 7 (5 Ik

0 2 4y JL T 7 £ o o AR R FLRE Y
AN AEAR], 2021, 12(13): 5 145-5 152.
LIN Y K, ZHENG Y, NING X I

I B AR

Determination of
galactooligosaccharides in infant formula foods by semi-
preparative  high  performance liquid chromatography
combined with ion chromatography[J]. Journal of Food Safety
& Quality, 2021, 12(13): 5 145-5 152.
[30] LM%, toB Bk . AR SR M 5 AR R P LA AR 2 4l L 7 5L
oA HE AL T [I]. oh E FLal, 2021(7): 102-108.
WANG W H, YANG X Q. Precise application of fructo-
oligosaccharides and galacto-oligosaccharides in infant formula

[J]. China Dairy, 2021(7): 102-108.



