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lactational stage. Methods Breast milk samples in different stages of lactation as colostrum ( day 0-7 postpartum) ,
transitional milk ( day 8-15 postpartum) , and mature milk (day 16-180 postpartum) were collected and 10 HMOS in those
samples were detected and quantified by ultra high performance liquid chromatography-fluorescence detection after
fluorescence labeling by using standard curves. Correlations between HMOS and lactation day were conducted by Person
correlation analysis method , while the differences among three stages were calculated by ANOVA test. Results Ten
HMOS were successfully separated and quantified under chosen chromatographic parameters. 2'FL, 3'SL, 6'SL, LNT,
LNnT and LNFP-I were negatively correlated and 3'FL was positively correlated with lactation days. They were different in
three lactational stages (P <0.05), while P;, LNFP-V and LNnFP-V showed no correlation and difference (P >0.05).
Conclusion The amount of HMOS changed during lactational stages. Seven HMOS were correlated with lactation days and
different in three lactational stages (P <0.05).

Key words: Breast milk; lactational stage; human milk oligosaccharides; ultra high performance liquid chromatography ;

detection

BEFL T $E AL L IR H A KR E T A
TR M ZF AW EY R, ERILNRER
Wt WE B R FLOIR OB OB milk
oligosaccharides, HMOS) &2 £} F H1 AV ¥k T F. Bt A1 I
KA = R R 2 R 3 ~ 14 A R4
FEAZ O 25K B LRl BT 43k i M HMOS (K 3t oKy L-
) IR PE HMOS (R 3 b ME e ) ' . HMOS
ANRERE L LN IR B A, R 2R E
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K AR E P A T M T R 2 5 iR 2H 40P 4
WH RGO E AR . AR IRE T 34
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It pE A LR K& B RO AR 46, HMOS 1) 2% fk
RS ILM kRO AZAE K, B H S 6=
TR A L B 1 BIE o R ] AR A D 5

AHIE 5E i, N R AR AH £ 3 -28 O A
(UHPLC-FLD) 3%} i [6 AR £EZL A 10 # HMOS i
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FLrh HMOS & i 48 46, T A B F I B AS [ 25 4
HMOS (6, LA KB LA 2 LA K & & A TR B B
I E 22 4k o

(' human

1 #M#5FEZE

L1 PR
111 FESCRE

A3 FULIR E ot B B V155 55 MG R, R A 4
K ARG, F L 8:00 ~ 11:00 Ji], 43 5 76 77 J5
0~7d(#F) 8 ~15 d(LWEFL) .16 ~ 180 d (il #4
FL) BB R B AL 5 FLTE R F 5 ml, SRR
ST B or R B AT R BE A B - 20 °C UKAE, IR TE
BCR S TR E - 80 C UKAoL AE, 3t
AT 102 9 FF o
11,2 FBAUEE 50

U3000 & /55 280 AH £ 335 A (TE A 2 GRS I 25 , 55
[ Dionex) ¥ ¥R &0 ML 40 T K1 OB 75 K i 1 TR
KV TE TEHEAS

10 F HMOS X B 5 () A5 B L2 1, 331
F ¥ E Elicityl Oligo Tech; P 4% K B i = B
(laminaritriose , CAS :3256-04-0, 3£ [# Sigma) , Z
(taikal)  H iR A AL . H WA (DMSO) . Z
PR \2-2 kN Bt i (2-AB, CAS:88-68-6) | f5l Ak il
A AL (CAS:25895-60-7) 34 g 43 1 41, ik 5y 7K oy
Bk,

#£1 10 Fp HMOS B34 (5 B
Table 1  Basic information of 10 HMOS

. 4l
2 fi B CAS 5 REREE ¥ o> F i 5y F 4Ky (/100 &)
2 B 2'FL 41263949 DP3 CigH; 045 488.43 Fuc al-2 Gal 1-4 Gle 87.3
3 BT 3'FL 41312474 DP3 CigH; 045 488.43 Gal 14 (Fuc al-3)Gle 73.0
30 K iR LA 3'SL 35890-38-1 DP3 Cy3HygNOyNa 655.53 NeuSAc a2-3 Gal 14 Glc 80. 6
6 IME Vi ik LB 6'SL 157574-76-0 DP3 Cy3HygNO g Na 655.53 NeuS5Ac a2-6 Gal B1-4 Glc 73.9
a- U Ak P, 59957-92-5 DP4 Cpe Hys NO,y, 691. 62 GalNAc al-3(Fuc al-2)Gal g14 Gle 89.6
S -N- P LNT 14116688  DP4  CoHy, NOy 70762 Gal 813 GleNAc B1-3 Gal B14 Gle 87.7
S -N -3 U Bk LNnT 13007-32-4 DP4 CyeHy NOys 707. 62 Gal B1-4 GleNAc B1-3 Gal 14 Gle 92.5
FLME-N-TOBE 1 LNFP-1I 7578-25-8 DP5 C3, HssNO,5 853.76 Fuc al-2 Gal B1-3 GlcNAc B1-3 Gal B1-4 Gle 94. 1
FLBE-N-T B V LNFP-V 60254-64-0 DP5 C3, HssNO,s 853.76  Gal B1-3 GlcNAc B1-3 Gal B1-4(Fuc al-3)Gle 79.2
FLBE-N-5 OB LNnFP-V i DP5 C3, HssNOys 853.76  Gal 14 GlcNAc B1-3 Gal B1-4(Fuc al-3)Gle 72.0

T Fue Oy L5380 ; Gal Jy D-2EFLHE ; Gle oy D-4 %38 s NeuSAc y N-Z A 28 Z R (L M IEWR IR ) 5 GalNAc O N-Z it 2f LA M ; GleNAc 2 N-&

Tt 4 2 Az
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1.2 i
1201 X Al 3 TR B PN 5 AR 1 o)

Xof HEE Vit TR T < 0 0 K 5 R 27 FL 3V FL X B
£10.00 mg T 1 ml #B4li7K ¥, LNT . LNFP-I X} J& 5
£ 15.00 mg F 1 ml #B4li/k+ ,3’SL 6'SL P, \LNnT
LNFP-V _LNnFP-V £ 10. 00 mg F 10 ml #8 4fi 7k 7,
e FE Y Bl N 843 ~ 17 874 nmol/ml, £ . ¥ 2'FL,
3'FL LNT _LNFP-I X} B i 95 W A R B 2..5.,6. 65,
10,20 .50 125 4%, %% 3'SL .6'SL P, LNnT ,LNFP-V |
LNnFP-V XJ RE 5 7 W AR B 1.33 .2 .4 10 25 £,

PUAR 5 W - VR B B MR 15,00 mg B A = BE 2
10 mlZE I, LAHE 4l 7K Sk 7 700 ol 4 PN s 5 A o
1.2.2 FEf AL

W bEFLE T 50 CHEAE 20 ~ 30 min, JCE 3 = iR
WHEX AT G B 40 Wl 2 2 ml O HiEHE
i BT 2 COE TR . L2 S HMOS
B R LA L O BT AR A R IR DL R D A
v A T 1) 20 BR AT Ak 2
1.2.3  9EhRid

TE B FE G/ 6T BRI 2 ml 2508 o A A
V20 wl, 38 BE AT SR R 20 wl E 55— 2 ml B0
B, 200 wl 2-AB FEEFRICHE K (0. 35 mol/L
2-AB +1.0 mol/L FEM Z AL 8N, B 7 N & A 30%
LR DMSO) RS EE T (65 1) C/KIEH 2 h,
PR B DA 4 COFER RGN, EEOE
A 1 ml 25% Z, 1,10 000 x g,4 °C &0 5 min 5L
FER R AR,

1.2.4 (3854

%3k # F ACQUITYBEH Amide Fi#t (2.1 mm
x5 mm,1.7 pm), 43 &4k ACQUITY UPLC BEH
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Ve A AH K 100% £ JiE 5 B AH H 50 mmol/L H iR &%
(pH =4.4 Wi A FOKEHIE) o (73R
Ve FLY :5% B 2 (0 ~2.5 min) ,5% ~90% B £&
PEAR e (2.5 ~4 min) ,90% B Z5 & (4 ~ 62 min) ,
90% ~5% B YL (62 ~ 65 min) . 43 & FEPE M
P :10% B 25 (0 ~6 min) ,10% ~18% B £k 475
(6 ~40 min),18% ~19.5% B 2% 14 75 ¥ (40 ~
60 min) ,19.5% ~70% B £k 14 7% # (60 ~ 61 min)
70% B 45 JiE (61 ~ 65 min) . K ¥ PR K
330 nm, & H ¥ K 420 nm, £ & 60 °C, i #
0.8 ml/min, FEFEE 3 pl,

1.2.5 Z5RHH

DA Bt 5 VMR B2 55 PN b T TR VAR B2 ) L L (X
HE ot T VAR 2/ T A TS R R B8 ) Sl B AR B (), DA
FE ity 0 33 0 T AR5 A s 0 3 0 T AR A LU (X R

5 e T AR/ N A € D T AR ) AR AR (), 3 il
B o £, TH B [ 09 B R AR G R B RY . AR TR 1R
iF B %A i P A HMOS 3E 47 5 P, MR 408 b o ith £ 1F
7, IR E Z BOPE 25 R UL ne/g Fmo
1.3 Sit2=ohr

K H SPSS 18. 0, A [m] s FL ¥ Be 54l % FH M +
FRUEZE (x ) ik, R FHLS B A Person A 2% 43 H7
XF U FLIS ] 5 HMOS & i (9 AH SC i#E 47 73 A, 21 1)
BRI Z08, DL P <0.05 h2ERHA G

2 #R
2.1 kA

K1 k10 Ff HMOS X B8 § IR A An i (35 1, K
2 RE L OIS AR R E R @35 SRR, 10 B
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Figure 1  Chromatogram of mixed 10 HMOS references
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Figure 2 Chromatogram of samples

2.2 MR

F 2 IR AE—E VR VS N, 10 B HMOS
HEARIFMEEXR,
2.3 FEMEEARIEN

R AEBEFL 102 fy , WAFLINH] 24 3 ~ 175 d, Horp
WL 37 By 5 36.3% , V- 34 W FLEF R Ry (4.92 «
1.50) d; s JEFL 19 17 i 18. 6% , ~F- ¥ W4 L i 8] O
(9.21 +1.58) d; BBH 46 iy 5 45. 1% , W,
WffE] S (72.67 +£48.16) do B MER N 19 ~
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#2210 Fi HMOS A9 £ V78 Rl | 1m0 9 77 B2 KA 5C 22 4K 3 10 Ff HMOS YR fi A6 Hh B S 35 & i K 5 3 R
Table 2 Linear ranges, regression equations and correlation Table 3 Average amount, range and detection rate of 10 HMOS
- e
iiﬁmc;ffwlems of 10 HMOS — s Kﬂ:i"'u PO EPTEH;&# P
i /( amol/ml) bR 2 ) B /(ne/e) JCpes) /(pe/e)
2'FL 142.99 ~17 873.59 y =0.000759x +0. 003239 0. 996 1 2'FL 82 2900.36 +1385.13 2 258.58 698.76 ~7 901.02
3'FL 119.57 ~14 945.85 y =0.000844x —0. 009994 0. 998 3 3'FL 95 652.95 £621.51 417.54  66.16 ~3 658. 10
3'SL 49.18 ~1229.54  y=0.000649x —0. 026480 0. 996 3 3'SL 97 157.97 £65.67 139.40  65.30 ~364.90
6'SL 45.09 ~1127.33  y =0.000644x —0. 034399  0.991 2 6'SL 99 389.84 £207.15 425.72 40.95 ~759.55
P, 51.82~1295.51  y=0.000798x —0.022801  0.998 1 P, 5 86. 82 £77. 06 - 9. 66 ~207. 30
LNT 148.72 ~18 590.49  y =0.000739x —0. 057683 0. 996 4 LNT 101 947.69 £629.78 837.54 116.36 ~3 312.47
LNnT 52.29 ~1307.20  y =0.000729x - 0. 026606  0.997 2 LNnT 94 274.53 £175.81 220.87  8.21 ~788.86
LNFP-1 132.26 ~16 532.75 y =0.000527x — 0. 056049 0.989 6 LNFP-1 77 1712.83 =1 392.85 809.53 22.87 ~7 156.52
LNFP-V 3711 ~927.66  y=0.000661x —0.018092  0.996 5 LNFP-V 58 83.28 £64.71 32.44  16.49 ~295.96
LNnFP-V  33.73 ~843.33 y =0.000657x —0. 014497 0.997 2 LNoFP-V_ 14 49.12 £20. 35 — 28.07 ~94.24

41 % PR (27,62 £4.02) % H I TLI B
FUBEF 47 8 (26,97 = 4.60) %, i W 7L W
(28.32 +4.69) % , M F .} (27.85 £3.16) %

oA, 10 B HMOS 2" FL J& 55 — K24 5>, °F
Y& & 4 (2 900.36 =1 385.13) pg/g, A 19.6%
(20/102) 9 R Lt} 2'FL Ay th A th LNFP-1 fg
B R A 2 FL RGBT 5, (Uf S G0
FLUHh P, 18 B R BT 20 5 e o L W B 0 2
So 23 4 10 F HMOS (974 (i Bk th % i#E 47 T
fisk .

%4

T A% HMOS (0 BE 5 & R 880" BT AT AR HMOS 35 2
rh LR A R D T ST R RO R A s — R A

2.4 WFLEFE] S HMOS 7K () A0 e v

Person AH5C 3BT 7% , W6 ZL BT [H] 5 HMOS [a] /7
MK R, k4 KB 3 Pis, W FLEE 5 2'FL
) A7 AE R G 6 &, BBl 5 0 2L ) A B, B EL
i 2'FL B & ST BER A, k4 ,3"SL.6SL,
LNT .LNnT |LNFP-I 5 34 Z[ B [0] A7 7 AR G &,
i 3' FL 5 s ZL B 0] 77 46 1E A 5¢ 56 &, LNFP-V |
LNnFP-V 5 4 Z[ W} 8] 22 5 L4 it % 2 L (P >
0.05),

WEFLIFE 5 9 FF HMOS & #9478 (P, BRAL)

Table 4  Correlation of lactation time and level of 9 HMOS (except P,)

B AR A S R IR (pe/e)

“ BN FoRi N FAFL XA P
2'FL 3873.01 +1 305.20 2965.16 +1 482. 14 2 153.85 +816. 82 -0.506" 0. 000
3'FL 352.12 £329.52 470. 13 £399. 01 940.00 =£711. 24 0.601 " 0. 000
3'SL 207. 87 +66.22 165.31 £47. 19 110. 86 +24. 56 -0.496 " 0. 000
6'SL 497.79 +101. 52 563.57 £123.98 216.16 £170. 24 -0.733" 0. 000
LNT 1210. 11 £651. 55 1 361.65 £483.70 557.14 £389.95 -0.545" 0. 000
LNnT 408. 39 +148.57 296.97 +157.92 132.98 +62. 87 -0.556" 0. 000
LNFP-1 2534.69 +1 376. 88 2023.42 £1071.74 780.77 +838. 58 -0.542" 0. 000
LNFP-V 98.54 +63.29 95.07 £78. 86 62.17 £46. 81 -0.216 0.103
LNnFP-V 56.16 +22.52 43.05 £7.75 33.11 £3.83 -0.238 0.413

1E: "N P<0.05, 2R AR E X
2.5 AR prBetkzlH HMOS 55 224k

a4 K3 s o, gl R EL 3
BrBebEzL i 2'FL 3'SL O LNnT (%) 3 i B 4 43 W s [A]
4 S K 32 W7 B A 5 6/ SL U LNT \LNFP-T 1 & B 75 91 51
At L W B B o W A8 Ak, 7 B L B BERE AR
WAL B BE 3" FL A 5 A ) LA o 9 2L B Be W
#hn, LNFP-V  LNnFP-V 15 2 i 5| B BL 2 JC W 2

A

3 iWig
HMOS J&— REE MRS, HArc & 3
i 200 FhEs g, HMOS B9 5 il A HE 5 ik 5% 75 i, H

LI R Tt HAT KR IR 22 2508, 5 1) 0 o e M i T 8 ity -
2(FUT2) Xf B3 b & B8 Y 2'FL AL LNFP-T (&
BCRAT e e L FUT2 H Secretor JE A 4 5,
Secretor JEPH i Pk RGNS, A B AT E o ol 2 B
WU G5 A0 4% PTG L 2" FL LNFP-1 K P B 3Rk
BEPRRE G B [FIRHCA A A (g FLEEAT 4G Py,
PR B AR A, AR BF 5 AN X 8 FL I ) 5 HMOS
TRIRRIEAT M. 24 20% M REFL T R
2'FL 1 LNFP-I, #2755 3X %8 70 N BE Secretor 4 [H 2 4
ik o A8 B[R] A L B A 3K 2 Fl HMOS 722 4k
AR FEACR BAE R B REFL PR & BT T
.
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re 3 Scatter plot of of lactation time and level of 9 HMOS (except P,)

Figu
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Figure 4 Lactation periods and level of 9 HMOS(except P,)

#5 AFEEFLEE 9 F HMOS #7522 5041 P AE(P, BRAM)
Table 5 P-value of ANOVA test about levels of
9 HMOS among different lactation periods ( except P,)

PP L P AH

=4[ N N e

R P WIFL vs WIFL vs T PEFL vs
2'FL 0. 000 * 0.018* 0. 000 *

3'FL 0. 000 " 0.478 0. 000 "

3'SL 0. 000 * 0.003 * 0. 000 *

6’'SL 0. 000 * 0.102 0. 000 *

LNT 0. 000" 0.309 0. 000"

LNnT 0. 000 * 0.002 " 0. 000 *

LNFP-1 0. 000 * 0.170 0. 000 *

LNFP-V 0.130 0. 875 0. 063

LNnFP-V 0. 301 0.304 0.170

W' P<0.05, 22985 #E X

X HMOS HEA7 KT, 38 3 1 Jo i B L R R L i
s AR 145, 0 s BT EE R e s - A
Bk A 2 G A R I HMOS i A AR
% - B Y 77 1 4T 2 A T Ak B A
PR R R B R e . AN BIF TR T 5 A
A3 -5 A I i % 10 Ff HMOS 347 46900 , %
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7 ¥ T A2 R D 1) K X AR v I 22 (RSD) 1. 8%
~8.1% , =K 98.7% ~105% , ELA % w5 1
W PEFORG 9% BE . FEARHESE 10 Bl HMOS (1) 8 & #
Al RSD JRIE ] 1.8% ~4.9% o %7 ¥ Hi Ab B
IR AR T X2 BRI IV M AR (1, 8 0 B AR
O T S B S A I, Xk A A SR I fE
SEPL 10 A HMOS (1) 58 4= 43 &5 Fil 2 &, I 3 8 R
X B3 B 1) 5 A% 4T 75 o B Xk AR I HMOS fg 45 Bt
PEATASIE B HMOS (14 2 P 1 5 o 1 o A

AWFFEE W, B b HMOS /Y & & 5 o L i) Ja]
Hr, EEH. H 2'FL 3’SL 6’SL . LNT .LNnT ,LNFP-I
() 2 1 B 3 L Aok O L sk /D, i 37 FL WAH i,
WAFLTHM S ER TASSEIL, X —-AHYS
THURL 4" i % 81— 3. A [A] HMOS it 46 3L B B
R [ A2 4k, 7T e 5 3 LR A A KR B B BRI
KA K, W i AE S WA RIERFEN A
Ji g 3 e K RS HMOS 1 25 4 %ot ) B 4% 3, %k 32
JLI A % S

S % ik
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