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Abstract: Ultra-performance liquid chromatography coupled with hybrid triple quadrupole time-of-flight tandem mass spectrometry
(UPLC-Triple-TOF-MS/MS) was used for the qualitative and relative quantitative analysis of phospholipids in human milk during different
lactation periods, and to provide a reference for the analysis of phospholipid composition of milk from Chinese women. A total of 73 human
milk samples including colostrum (1~5 d), transitional milk (6~20 d), and mature milk (after 21 d) were collected from Harbin (Heilongjiang
province), Qiqihar (Heilongjiang province), and Jilin (Jilin province). LipidView 1.2, PeakView 2.2 with MasterView™ 1.1 plugin, and
MultiQuant™ were used for the molecular formula search, qualitative analysis, and relative quantitative analysis of phospholipids, respectively.
Sixty species of phospholipids were identified in the milk samples, and the numbers of phosphatidylcholines (PCs), phosphatidylethanolamines
(PEs), phosphatidylserines (PSs), phosphatidylinositols (PIs), and sphingomyelins (SMs) were 17, 25, 4, 5, and 9, respectively. The relative
contents of PCs, PEs, SMs, PSs, and PIs in the total phospholipids were 38.12%, 26.97%, 29.54%, 4.43%, and 0.94%, respectively. In addition,
the relative contents of the various phospholipids varied with the lactation period, although the changes in the relative contents of most
phospholipids were not significant.
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Table 1 Gradient conditions for phospholipid analysis

A 18] /min A% B/%
0.0 80 20
1.0 80 20
6.0 20 80
10.0 5 95
12.0 5 95
12.1 80 20
15.0 80 20

133 st

BB SIS LR IS) N 5500 V, B
FIRIEE(TEM) A 400 C, fEf#HEDP)AN 100 V,
BT 1R 2 (SRR 55 psi, RATAUETRN
35 psi, TG 200~1000 v

BB SRS F R (IS) 4500 V, B
FIRIEE(TEM) A 400 °C, f#f%HEE(DP)A-100 V,
BOTUEAAR 1R 2 (R 55 psi, RATAUETRN
35 psi, TG 50~1000 u.
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Fig.1 Extracted ion chromatograms of the five PL standards
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Table 2 Validation results of instrument precision for the analytical methods

[FJIN, AR 2 RS s AN ARG 25 R R 4 R, A

AR AP, 13RI BEAE E RSD/%
PC(16:0/16:0) ESI (+) 72 3.16
PE(16:0/16:0) ESI (+) 10 1.13

PS(18:2(9Z, 12Z)/18:2(9Z, 12Z) ESI (+) 32 3.67
PI(18:0~20:4) ESI (-) 43 9.17
SM(16:0) ESI (+) 8 348

= 3 ST ERLARIFLEIEE R B IIE
Table 3 Validation results of intra-batch and inter-batch precisions for the analytical methods

2 AR AR LB A HEE RSD/% 4 A5 RSD/%
PC(34:0) ESI (+) 491 1.15
PE(16:0/16:0) ESI (+) 6.90 7.44
PS (36:2) ESI (+) 3.92 2.80
PI(18:0~20:4) ESI (-) 14.58 12.47
SM(36:1;2) ESI (+) 1.02 2.20

213 =kE

ZEREIR, S FIBEIRIAEINFRIR A 0.01 mg/mL
(R4 R B 87.34%~110.41%22 18], INFRIAEE A
0.001 mg/mL &M T EETy 87.32%~105.30%

6, IERRIEJ9 00001 mgmL 14 fF F i

Table 4 Recovery of phospholipid extraction

89.31%~112.77%2 8], %3t FE AL T i A28 A T
SR 80%~120%2 8], I AIZAE R 7L RE RS
BN AT EER

< 4 BAEREEUT AR EE

=R/ %
2 AR
0.01 mg/mL 0.001 mg/mL 0.0001 mg/mL

PC(16:0/16:0) 108.02+3.25 105.30+2.74 110.05+4.23
PE(16:0/16:0) 94.5242.11 91.22+1.66 98.18+2.45
PS(18:2(9Z, 12Z)/18:2(9Z, 127) 89.04+2.54 87.32+2.03 89.3142.42
P1(18:0-20:4) 87.344+4.01 88.21+3.07 90.66+2.65

SM(16:0) 99.60+1.28 94.12+1.95 95.12+2.04
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Table 5 List of PL species identified in human milk samples from Chinese women

BEhg X miz(5255) miz(32%) A(x10) FnFa T A% ¥ B 18] /min
PC 30:0 C3gH7eNPOg 705.5309 705.5315 -0.80 [M+H]" 7.63
PC 32:0 CoHgoNPOg 733.5622 733.5629 -1.00 [M+H]" 8.16
PC 32:1 C4oH7sNPOg 731.5465 731.5471 -0.80 [M+H]" 7.63
PC 32:3 C4oH7sNPOg 727.5152 727.5181 -4.00 [M+H]* 7.62
PC 34:0 C4HgNPOg 761.5935 761.5940 -0.60 [M+H]* 8.71
PC 34:1 C4HgpNPOg 759.5778 759.5773 0.70 [M+H]" 8.13
PC 34:2 C4,HgoNPOg 757.5622 757.5625 -0.40 [M+H]* 7.68
PC 3433 C4,H7sNPOg 755.5465 755.5495 -4.00 [M+H]" 8.16
PC 36:1 Cay HggNPOg 787.6091 787.6096 -0.60 [M+H]" 8.68
PC 36:2 Cay HuyNPOg 785.5935 785.5941 -0.80 [M+H]" 8.18
PC 38:4 Cy6 HuyNPOg 809.5935 809.5927 1.00 [M+H]" 8.02

LPC 16:0 CyHsoNPO, 4953325 495.3326 -0.30 [M+H]" 373
LPC 18:0 CyHssNPO, 523.3638 523.3633 1.00 [M+H]" 492
LPC 18:2 CyHsoNPO, 519.3325 519.3328 -0.50 [M+H]" 3.19
PC 0-34:1 C4,HyNPO, 745.5985 745.5983 0.30 [M+H]" 8.42
PC 0-34:3 C4,HgoNPO, 741.5672 741.5681 -1.20 [M+H]" 7.91
PC 0-36:4 CyHyNPO, 767.5829 767.5837 -1.00 [M+H]" 7.79
PE 34:0 C3oHsNPOg 719.5465 719.5468 -0.40 [M+H]" 8.87
PE 3422 C3oH7sNPOg 715.5152 715.5156 -0.60 [M+H]" 7.80
PE 36:1 C4HgoNPOg 745.5622 745.5629 -0.90 [M+H]" 8.84
PE 362 C4H7sNPOg 743.5465 743.5470 -0.70 [M+H]" 8.33
PE 36:3 C4H7NPOg 741.5309 741.5319 -1.30 [M+H]" 7.79
PE 36:4 C41H7sNPOg 739.5152 739.5180 -3.80 [M+H]" 8.28
PE 36:5 C4H,NPOg 737.4996 737.5027 -4.20 [M+H]" 7.80
PE 38:1 C43HgyNPO 773.5935 773.5938 -0.40 [M+H]" 9.37
PE 38:2 C43HgNPOg 771.5778 771.5785 -0.90 [M+H]" 8.80
PE 38:4 C43H7sNPOg 767.5465 767.5470 -0.60 [M+H]" 8.15
PE 38:5 C43HeNPOg 765.5309 765.5340 -4.00 [M+H]" 8.33
PE 40:5 C4sHgoNPOg 793.5622 793.5633 -1.40 [M+H]" 831
LPE 18:0 Cy3HysNPO, 4813168 4813167 0.20 [M+H]" 5.02
LPE 18:1 Cy3H4NPO, 4793012 479.3016 -0.90 [M+H]" 3.94
LPE 18:2 Cy;H,uNPO, 477.2855 477.2858 -0.60 [M+H]" 3.28
TR
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BER

LPE 20:1 C,5H5o0NPO, 507.3325 507.3322 0.50 [M+H]" 492

PE O-34:2 C39H76NPO, 701.5359 701.5366 -1.00 [M+H]" 8.56

PE O-34:3 C3oH7,NPO, 699.5203 699.5212 -1.30 [M+H]" 8.06

PE O-36:2 C4;HgoNPO, 729.5672 729.5677 -0.70 [M+H]" 9.13

PE O-36:3 C4H7sNPO, 727.5516 727.5517 -0.20 [M+H]" 8.60

PE O-36:4 C4H76NPO, 725.5359 725.5364 -0.70 [M+H]" 8.04

PE O-36:5 C4H7,NPO, 723.5203 723.5203 0.00 [M+H]" 7.87

PE O-37:3 C4HgoNPO, 741.5672 741.5681 -1.20 [M+H]" 7.91

PE O-38:5 C43H7sNPO, 751.5516 751.5524 -1.00 [M+H]" 8.40

PE 0-40:5 C45Hg,NPO, 779.5829 779.5835 -0.80 [M+H]" 8.77

PS 36:2 C4H7sNPO, 787.5363 787.5372 -1.10 [M+H]" 7.20

PS 38:4 C4H7sNPO, 811.5363 811.5370 -0.90 [M+H]" 10.60

PS 38:5 C4H76NPO, 809.5207 809.5238 -3.80 [M+H]" 7.20

PS 40:5 C46HgoNPO 837.5520 837.5528 -1.00 [M+H]" 7.23

P134:1 C43HgiPOy3 836.5415 836.5396 2.30 [M-H] 7.02

P136:1 C4sHgsPO(3 864.5728 864.5693 4.00 [M-H] 7.34

P136:2 C4sHgsPO(3 862.5571 862.5543 3.30 [M-H] 7.07

P138:3 C47HgsPO3 888.5728 888.5697 3.50 [M-H] 7.12

P138:4 C47HgsPO3 886.5571 886.5537 3.80 [M-H] 6.99

SM 32:1;2 C57H75N,POg 674.5363 674.5369 -0.90 [M+H]" 7.20

SM 34:1;2 C30H79N,POg 702.5676 702.5682 -0.90 [M+H]" 7.74

SM 36:1;2 C41HgsN,POg 730.5989 730.5993 -0.50 [M+H]" 8.32

SM 38:1;2 C43Hg7N,POg 758.6302 758.6310 -1.00 [M+H]" 8.92

SM 38:2;2 C43HgsN,POg 756.6145 756.6150 -0.60 [M+H]" 8.30

SM 40:1;2 C45HgiN,POg 786.6615 786.6625 -1.30 [M+H]" 9.50

SM 40:2;2 C45HgoN,POg 784.6458 784.6452 0.80 [M+H]" 8.88

SM 42:1;2 C47HgsN,POg 814.6928 814.6940 -1.50 [M+H]" 10.14

SM 42:2;2 C47Hg3N,POg 812.6822 812.6829 -0.90 [M+H]" 9.40
100% 885.5695 SEREIR, AFLH S PR A S B
.l NEBEAEIH(PC)38.12% T /laIk LB (PE)26.97%-
R (SM)29.54% T HETHE 22 Z R (PS)4.43% Tk HIE Tt
60% JULEE(P1)0.94%( &l 3). 3X 5 Hundrieser™ 4% A fiHF 75 45
40% - B8, (R EZ TS T EEBEIESM) &
ol 232007 HE TR 43 Le KT R I AR s(PC) A% HE Ik 2. B2 % (PE)
¢ 241.01|04J |, mawe g, I, 455 SRR IR P E AT i

0% dooou Lill | b Ll dow w1 b
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Mass Charge /u

& 2 —FPREREERALES (P1, 18:0~20:4) (I — R EGLE (TR
)
Fig.2 MS/MS spectrum (in negative I'T mode) of one Pl species
(18:0~20:4)

2.3 AFL W R B AE A E B AT
23.1 AFLPERRS e9ART 2 =

FERAL, AR T AR PR 1 4.6%~11.7%
241 BRAEFUAALE, A SLA B ASEAE AR (PC) ARy A A
(SM)FFIAEN & 5 B8 sy 1T ol IS Ik £ R R (PE) I AEDN 75 &=
AR, Fah, S8R SR, PC36:2. PE36:2. PS36:2
A1 PI36:2 5 2T i FITAE TG AN 5 B e =y R 2R 0

KPR AR M3 P RS ATAE 22 7T, (B EIAT g
FIESRIR CI8 V2 AFEH —E B R 1EFTA 1
JEH, PC 36:2 & & m i KIBEARBEEIRPC), 24
TR NEIEARIR(PC) I 28.11%(E] 4). PE 36:2. PS 36:2+
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