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AR FRESHASHATT 2%, AAEIHF EFTREAFLMFL (L LB RRIL)
(& Rgwnyr S ILE T 58 ) V8 A 5L RS 69 SLA R @b . K SIS Bl & ARG o 69 B IS 40 R B A
THAFT oM., BREM.9 MBI E DRGSR RIEE A 48.97 ~85.76 ug/mL, & E MRt E
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Analysis of phospholipids content in dairy products by *P NMR
LIN Ruixue, LI Feng, WEI Wei, JIN Qingzhe , WANG Xingguo

(National Engineering Research Center for Functional Food, Collaborative Innovation Center of
Food Safety and Quality Control in Jiangsu Province, School of Food Science and
Technology, Jiangnan University, Wuxi 214122, Jiangsu, China)

Abstract: In order to determine the content of phospholipids in dairy products, a method for the
determination of phospholipid was established based on *'P NMR and the internal standard method was
used to quantify the phospholipid. The composition and content of phospholipid in different lactation
human milk (colostrum milk, transitional milk , mature milk) , milk powder (whole milk powder, infant
formula milk powder), whey protein powder rich in lacto — phospholipid, soybean lecithin and egg
lecithin were analyzed by this method. The results showed that the limits of detection and quantification of
9 phospholipid standards were 48.97 —85.76 wg/mL and 97.94 —171.52 pg/mL, respectively. They
also demonstrated reasonable recoveries (83. 40% - 108. 52% ) and precision ( relative standard
deviation < 15% ). The average total phospholipid content in human milk was 19.27 mg/100 mL, and
it decreased gradually with the extension of the lactation period. The composition of phospholipid varied
greatly among samples from different sources. Sphingomyelin was the most abundant type in human milk,

while phosphatidylcholine was the main type in other samples.
Key words:”'P NMR; human milk fat; infant formula milk powder; phospholipid; milk fat globule
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PR S A NG 2 B B R B 5 L AH G i B 5
(P Mgl B2 ) A4 B A S 7K Sk 8 T el 1 A i I 1R
PR B 7K R AR L B . Wl i e Ak 2 5 R ] 43 kg 7
2, N H MBS, — 2 WS (SM) L BFgT
T FLH B A1 5 SM B AR L ARG ( PC) (BEAR
Ik C B (PE) (W B 6 ULAE (PL) F IR 158 22 2 12
(PS)™, A, s MW NS A7 e T SUBENG b, 5 1
WERE A H R BE RS G B RS K A J5 = A= ), R EAEE
VeI @ A e I Bk ( LPC) | ¥ Il #E R I £ BE K
(LPE) 7,

BEZLF LA T 23 ) 2L ok U LR AL, 43
WK 1~5d.6~15d 15 d L, 28R
FEU B 2L B 2 Bt A o 2L 0 B 4K T & A ek
AR TR IETNG TR R E B, B R
SM(29% ~46% ) .PC(19% ~38% ) il PE(10% ~
36% ), vk h PS (4% ~ 18%) F1 PI (1% ~
129% )" o 3k H 45 Wi N 1) 7 8 e B B
KEBIETE LS H B B 2L B Ig 228 SM L PC
FIPEN TR SAES, N T B I AR B L A Y i
AR, U BENE LA R w & FLBE AR Y FLIE B s T in
s BOLE 7wy o o ER TR
FLBERE % ZL I & ok R0 B0 B b B B 0 SCRRATS R

Rt FARBEG C'P NMR) 278 35 4F SR g 07 FH
AR EYE B RO UORE S L h T R
T R AN [R) i B A [ ) A 2 X R Bt
FERGES T A2 R AN . B TR AR B
o B SRR, 5 R 80 A €533 (HPLC) 25 il
R O35 (TLC) IAH L ik B T 2 2> HEff
VI R PLA B B A0 T S AR A
TR R L O EE R H, B T AR N AR
BT R

ARFGE ST T HTF P NMR 858 4007 )7 1,
A DOl AN [ B I R S X B LT Tk v e o
REWIAS 8t & LRI B FLIE & Bk O RE (XS SRk
BEH BB IRTELL L 5 & i 5 i 25 5%, DU 224
JUBE 5 Wiy v i B e U B A S 45 o
1 MRl5R&E
1.1 SEaeaH

BEFUREAS, s T i 24 i fg e B R 44t 3 51
FEAS ] I L S R A 7 RAE , B WD 3L 23 A L U
FL 27 A PASREAEL 51 A (BEZLFE SR F FL Bl 3L
A I, R URHEZS B 2L B i R L B R JE PR AT
F -80 CUkA 1,24 h ]WHEAT A BTk ) 53 ZK s fn
B LR i FLIE A Ry 1 224 LI R (fRTAR

BEECRY) B ARSCE T T AE WA 52 A R Wk
1 N5y 52 2R L A IR AT 28 w44tk s i 2Lk
Re 3L 5 B M ¥ Lacprodan® MFGM - 10(M -10)
Mg AP Arla B BCRHA BRZS 7] 5 R GBI FIXG R
WERR, W B M S R IR A

SN )TN K - LR @ S T2 [ I w53
2R AL 27 R A BR 22 7] 3 SML PC PE PT LPE | %
JETE H i (PG) FLL 8 g (CL) Fr il (40088 2k T
99% ) , %y Hit Larodan 73 w] ; LPC Fp i i ( 20 B2 K T
98% ) ,ZE[E Avanti Polar Lipids 23 ] ; PS FrifE i (4l
FER T 98% ) W2 =g (TPP) 1 & —_ Wl L 1R
(EDTA) , 3 [H Sigma /A,

SE812 RYRMAX, |- i 22 1% 52 g B4 4 A PR
/] ; Centrifuge 5810 .00 H1, £ [E Eppendorf 23 7] 5
Bruker Avance Tl 600 MHz #% #f 3L ¥R I 14X, 7% E
Bruker A H] o
1.2 sE3drik
121 BRI

R H Foleh 45 i) Jy AR IURE i O B o BF7L
th SR B4R I 4. 5 mL BEFLIE T 30 mL 475 - H
BECORBLEL 20 1) i@ 3 min, 1M J5 A 9 mL
NaCl, #0325  WUR T 2852 efl 28 % 6%
BRI CEER IR B e 2 5 mL g0, AR
T, BRI SR A7 TE — 80 °C IR IR vk A B
ZE—or . Bk RIRYIR KOs & LR 1)
FLIE OB P SR 4R B PRI T g R 22 0. 000 1
g) Bl , A 10 mL(65 £5)CHIK, M RA HE
AETE RV, S5 SR [ REFL R iR BT A 42 5
1.2.2 BERRMINE K o3 b

R it i Ak B ;PR IBCH2 B FLIE FE i 29 200 mg
(ELECH AR Wk A e & LR IE O FLIE S BB Y
NEWTRE AL ) 80 mg, BRBEAR ARG HEBEARZY 50 mg) T
2mL BOET MKIKIMA 0.5 mL FfEE 0.5 mL
EDTA - Cs " ¥ # (0.2 mol/mL, pH 2} 8.5) 1 0. 5
ml. CDCL I (75 TPP 112 me/L) | eI IR 5 Hi A7
FESR IR, L 4 000 v/min () EESEFEOLS
min /NI S00 L 2R AR BARE b, T

BN AT 5E < SR P NMR X RE 5 W g & 1 ik
ATIAE o A ERENRLEE &y 25 °C,90° ik ifr, SR A
FECK 32 ke, R I ] AR AR I ] 230 O 12,25 s
F3.22 s, kP SEE R 11. 66 s, iR 4 161. 98
Hz, R H] MestReNova (g B AFFEATEUE 737
1.2.3  Jriksesnik

S P NMR 34 ) a] S0 XA H L (LOD ) |
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eI FRUE S PG CL.LPE PE SM PS LPC . PI fiI PC
IR BC AR HERR I . $%—E LW BITR & iR br e 12
ARRE BUEME L DA 3 IS I A S i B S A B
fR MR EE A 10 B X I Fr) o 6 ok 2 O 7 BB o AR 40 0
THAAE Al PRI A 5 RS ], £ TR — FLIR R b rp 23
BB 7K A B AR A v i (AR LR 1)
Xt 3 ASASKF BN b [ SR AT B9
x1 BAEMAREKERMNLKNERIRNEKT pg

Gl fKF K K
PG 150 250 350
CL 100 200 300
LPE 100 200 300
PE 150 250 350
SM 150 250 400
PS 50 150 250
LPC 100 200 300
PI 150 250 350
PC 150 250 350

F i — DA E IR 2 A, AR IS X bR
F i EAT R LR AL B AR 23 BT, 8 2 X R
R AT B D7 RS 25 B2, H ARG 5 B2 th A P T A
WS YT, H )RS 5 Bl i 28 5 H A [+
—FE IR TS
1.2.4 Gt
FRAFERCEATINGE 3 IR, 45 R DL + b
WEZE” Fox . F A IBM SPSS Statistics 26 X £ 32 9
frge it o M, o0 B J7 2 D B R OF 2 0 B ik

(ANOVA) 1y Duncan 55, [RIE}, 5% A Origin 2021
2l BB, R H SIMCA 14, 1 #F47 £ W53 47 B
(PCA),
2 FR5WR
2.1 BRfgegRMHS 2%

BENR AL 0% (8) AR N AR TPP #YAL s
(8= —17.8) M, LA M #EG bR i i A2 007
R R TEPERE T P & BRI, ILIA 1

LPC

1.5 1.2 09 06 0.3 0 -03-0.6-0.9-1.2-1.5
0

1 9 FhEERRR PR EMAY" P NMR Eif

B 1 AT L, 9 bk B VR bR H AT B4 1 o B
Ji,*P NMR 3% [& i )\ 55 37 24K 3 1 0 43 i AR 3
PG .CL LPE .PE . SM . PS LPC PI fil PC, [&|§ 4
g ) TR R Z L A5 2 40 1 JBE O L, 38 5 4% 2 40 1)
EDO P RN 1 0 N R N = s A LT BT BU RS
AL g = R T i o
2.2 FikFIE

S3EIE 19 AR bR S AR B BR (LOD) |
FE T PR (LOQ) s [ml e 38 OKG %5 BE, 45 R an 3k 2
Frs .

®2 9 MBHERERIEH R EERNREKE BEE

— LOD/ LOQ/ T [l % K5 BE/ %
(pg/mL) (pg/mL) KT kP e 7K H H [i]
PG 85.31 170. 62 101.18 £5.60  105.05+10.26  99.85 +9.31 1.45 4.33
CL 75.19 150.38 97.90 £3.55  103.26 +0.91  108.52+4.37  1.05 2.64
LPE 85.76 171.52 102.43 £1.37  99.01+3.28  98.68 +2.44  2.11 2.85
PE 50.28 100. 56 99.28 +8.44  105.37£9.73  99.64+1.47  4.09 6.13
SM 60. 62 121.24 103.53£10.99  93.09+9.37  105.08 +12.89  5.38 8.01
PS 69. 46 138.92 95.67 £0.05  99.33+1.54 100.18 +18.60  3.14 5.11
LPC 57.14 114.28 98.56 £0.21  99.82+0.54  101.34%2.01  0.31 4.23
PI 67.24 134.48 83.40+9.37  91.53+9.88  98.79+8.27  4.78 8.13
PC 48.97 97.94 90.89 £3.31  94.12+7.36  105.41+5.39  4.02 7.84

H13% 2 W DL, 9 vl i s vH it 1 Az s B9 [ Ay
48.97 ~ 85. 76 pg/mL, & & B3 FH o 97. 94 ~
171.52 pg/mL, BoRA Ty i HA RIFI R B, K.
HA L KPR (] P (R Ll 83, 40% ~
108.52% , 7% 80% ~120% Z [a], KB EA R 471 [a]
W, Tl A I R SR . 9 R R B o 1Y
H RS 25 B2 (A B v I 25 ) 7E 0. 31% ~5.38% Z

[, F AR 28 5 (HXH R e 22 ) 76 2. 64% ~8.13%
) BIINT 15% , WA T7 306 2 B i v I 2
HEER,
2.3 REHLMEILF GBS

Ao AR T 12 X AN [ Wl 7L 303 £ 2L A A 5 o
FrillE , 458 Mk 3 Fios .
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#3 FAEHIAHSIAPHEESE mg/100 mL

W HIFL(n =23) TEFL(n =27) AT (n =51) F-HE

PE 5.68 +1.50" 5.46 +1.28" 4.88+1.16" 5.34 £0.42
SM 6.97 +1.79" 6.62 +1.80" 6.42 £1.42° 6.67 +0.28
PS 1.01 £0.31° 0.92 +0.24" 0.78 +0.27" 0.90 +0.11
PI 0.82 +0.34" 0.75 +0.29" 0.62+0.22" 0.73 £0.10
PC 6.36 +1.73" 5.73 +1.38" 4.78 £0.87" 5.63 +0.80
it 20.84 +5.35° 19.49 +4.73" 17.48 £3.47" 19.27 +1.69

T AT AR 7 R R 22 57+ 3% (p <0.05)

i 3 AT, BEFL A E B 5 FREERR , 230
PE SM .PS PI #1 PC, ¥ %L (i PEFL AT T SRR NE
BrHE4y AR 20. 84 19,49 (17. 48 mg/100 mL, [ %5
WL TR A R4S, BEFL R B R 7 B B AR BEEL
A2 SO IR 2 0 19. 27 mg/100 mL, X 5 Z |
I 5T 45 S AHIT (16. 8 ~22.3 mg/100 mL) ", A4~
PRBENR & =, B & R S IR S SM, o
B8 6.67 mg/100 mL, AS[R] 0 7L 3A 7] 22 52 A {2

F(p>0.05); HkE PC I PE, 35 & &40 5 M
5.63 mg/100 mL F15.34 mg/100 mL; & & F K &
PS 1 PL, P-4 5435124 0. 90 mg/100 mL F10.73
mg/100 mL,
2.4 ik ka9 B 4%

(AT 0 2 AR IR AN 3 ST v
& B UEATRIN , S5 R 4 FiR .

x4 PIMPRBESE mg/100 mL

Wi ESua ARG 2 B 1 AT 2 B 3

PE 2.25 +0.04 1.85 £0.00 2.95 +0. 14 2.11+0.39 4.78 £0.18

SM 2.58 £0.07 1.16 +0.09 nd nd 2.34 +0.06

PS nd nd 0.63 +0.55 0.72 +0.06 0.84 +0.35

PI 0.22 +0.22 nd nd 0.30 +0.51 nd

PC 3.96 +0.09 1.98 £0.02 4.24 £0.54 3.95 0. 64 7.08 +0.03

X 9.01 £0.20 4.99 0. 11 7.82+1.03 7.08 +0.31 15.04 £0. 44
dind FoRAAEH . TR

e 4 AT, Wk s Y PE SMLPS (P i1 PC wnE 2 s

5 FOREAR , AN IR Wk b A BN i A R AERBOR 2
S Wk SRR & Ol 4.99 ~ 15. 04 mg/100 ml,
WA T Claumarchirant 25 fRFFE 455 , 33 7] g 2 0
Ky BCRE SO 5 2O RS20 . ZLECH 3 Pt
BilE & b dscs , iT35 15. 04 mg/100 mL, 5B 1 5
WEAR 5 1 19. 27 mg/100 mL O HET, 2R R
HECEHhA I 7 s S L IE R L E k. B3l
i f e 1 SMAXTE 2 SR RE WA FIZL LR 3 Hhke:
, S5 7E 1. 16 ~2.58 mg/100 mL Z [a], A% T
3L SM A5 (6. 67 mg/100 mL) o B2HCHK 1 Al
BEBCA 2 FRORAG: H SML R I PR AT BB T TS N Y FL T
HEEB AR S 2R 3 T L E & A m A
], Herfr SMAY & AR TG BR TR
2.5 FAIBRGILF RGN K 2B R 5K B
fig ¥ 69 B g

KA DT k) e & LB IR A FLNE S E ok R
WA NG EEBRAR T BEAR & EE A, P NMR % [

PC

PE|SM
PS
PI L
X315 ; PI PC
SR PG LPEDP avk” LZ ]
LPA PAR TN § |

PC
LTI
2.I5 210 1.I5 l.IO 5 O.IS 0 —0.I5 —1‘.0
B2 ESBENLEEAN.ATHE.
BEBIERY P NMR i &

HHIE 2 AT UL, 3 Fhoke d op LA 13 Rk ls AR
WA bR i 3% M SCHk (20 — 21 ], %) 13 kg
R £ B ( APE ) WU S E H vl ( DPG) \LPE |

WAL R A

X 2 e
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PG WEIRHR (PA) (¥ MLBANIE AR (LPA) (CL, @i ™
b TPP, XS IX 13 MBS & b7 35, 45 Rk 5

FIi7s

x5 IEEOM KEBEBEBMETNBESE %
BN FLiEE A KIHENE X WG
LPA nd 1.04 £0.05 nd
PA nd 6.31 +0.32 nd
CL nd nd 0.66 +0.00
PG nd 1.18 £0.05 nd
LPE nd 0.73 +0.05 nd
DPG nd 0.96 +0.02 nd
APE nd 1.88 +£0.44 nd
PE 2.28 +0.43 7.03 £0.12 1.86 +0.17
SM 1.65+0.18 nd nd
PS 0.78 +0.21 1.28 £0.58 nd
PI 0.71£0.07  13.22 £0.56 nd
LPC nd 4.43 £0.06 0.72 +0.09
PC 2.54+0.09  17.06 =0.71 43.25+1.72
&t 7.95+0.13  55.12+2.96 46.49 +1.98

HIZE S AR FLIR S -5 K B XY E v IR
TEWENG S A N 22 S B0k FERRIR RIS B, 7L
WE A IG5 M#IE, 7052 PE SM | PLPS
M PC, REBIGHILE I 11 Rh#is, M2, 7>

4 LPA . PA PG LPE .DPG . APE PE PS PI.LPC
F1PC, AR HBEFL P & A = 1Y SM, IF HAFAFERR 43
VAL B NS, 40 LPC . LPE 1 LPA, Kato %™ F| i
P NMR JE7E K GG 6 9 Rk i, 430 2
PC .PE .PI .PA PG PS2-LPC2-LPE 2 -LPA, %
¥t APE 1 DPG , A 5% B 5 I ik S8 th T £
MIBENEFI S . A58 P XS B A b 2k s 4 il
g, #hs /b, /il j& PC LPC \PE F1 CL, XS & WS
s i I EEAE  PC,HIKCH PE, BEZLHAEAE)
SM PSPl ¥4 4, Sotirhos 2! F| Fi*' P NMR
PG E NG UEAT 00T, K PC LPC SM (PE | CL,
LPE fl PA, AWF5H, KE#iE XSEBENE FLEE
FIRY 1 8 85 IR & & 4 9l o8 55. 12%  46. 49% |
7.95% , BARFLIGEE 0B 0BG & AT K G kAR
FXGEBENR D) B & T U545 (4. 99 ~15.04 mg/100 mL)
(1), X R EATEA = W B P s B s 64T T &
o FEE R K GBS XS E B T R A
B HIBER Y PC, & 402 2. 54% (17. 06% il
43.25% , 3% 5 Z AiARIE T R BET 45 R — 3
2.6 RFRIREEEASULRE

Xof AN TR] A V5 A 5 i 2EL i S AR e i, 5 SR
6 iR,

F6 AERFEMBEAMREXNEE %
Wil BEFL 2RV 1 AUk 2 B 1 BRI 2 EEK 3 FUEEAK KEBE  XOEPHR
LPA nd nd nd nd nd nd nd 1.89 nd
PA nd nd nd nd nd nd nd 11.45 nd
CL nd nd nd nd nd nd nd nd 1.42
PG nd nd nd nd nd nd nd 2.14 nd
LPE nd nd nd nd nd nd nd 1.32 nd
DPG nd nd nd nd nd nd nd 1.74 nd
APE nd nd nd nd nd nd nd 3.41 nd
PE 27.71 24.97 37.07 37.72 29.80 31.78 28. 64 12.75 4.00
SM 34.61 28.63 23.25 nd nd 15.56 20.73 nd nd
PS 4.67 nd nd 8.06 10.17 5.59 9.80 2.32 nd
PI 3.79 2.44 nd nd 4.24 nd 8.92 23.98 nd
LPC nd nd nd nd nd nd nd 8.04 1.55
PC 29.22 43.95 39.68 54.22 55.79 47.07 31.91 30.95 93.03

M2 6 AT, BEZL P B E & it fe s o SM, 5
SRR 34.61% , Hk Ry PC RN PE, 43 5] 5 S8R
f929.22% F127.71% , /098 PS Al PL, 4351 5
BERRI 4.67% 1 3. 79% , 53X 5 2 Hi Wk 55 25 5
FHIE . PRUABREZLH SM 5 6 5 ey, it DATE L AN [
WENE AR I FE SIS SML ) & U HA A G, i
6 AJ I, AR W Ry S R TR RS A 38 A
PC, 5 S IE 1Y 39. 68% ~55.79% ,HANTE 2= 5 W3
W SRS 3 PR SM, (BB IR 1Y 15, 56% ~

28.63% IR T HEFLH SM BRI X 35 i (34. 61% ) .
LIS E BB SM (5 BB 20. 73% , BRI T
BEFLH S AR X 5 A (R SRR FX A
FEARKLH SM, 3% F W 2L A M slidF ] IR 62
HSM ) RLAFR IR

2R F 23800 A Tk A [l LD 9 657 L 4
By FIZLE 8 0B B A i) 22 S PR EA T 23, 45
RANE 3 R o
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1[1]
3 BI.OH . AEEAH PCA

H 3 FTLUE ), W02 L KRB 03 A 78 55 U R IR AN
PC1 BhHT, 3 P 3L 53 A 78 PCL BhBiEiT , sl 70
IS — R W, 2B YIk A 78 PC1 iR A2
], ZERCTE 95% AR X 8] Z 5, L6 8 H ok 70 A
TR =R B, S5 RRWIAS R i 2L ) B L 7E AR 21
B b 25 VAN K B A 5 B FLAE MR AR 4 b i 22
SR R NR Y FELTE 8 b 5 B FLZ A 1 22 57
PESR, BIIE T RS IR A5 R
3 &

AR FE N T 3T P NMR 350 7 7L i o
B R AT 73, AT T Tk e, BT s
(1977 ¥ T LA 2o B2 2 4l JLIC J7 WA LA B L A
b PRI & TR oK . RS B, B4 JLIC T Wik
HEYH T RBERS & & 4.99 ~15. 04 mg/100 mL,
PR T EEFL P A BEAE & & (19. 27 mg/100 mL) , H.
A 1 3B i LI 2 0k 0 2240 LIS 7 Wk
ot BEFL R S s B SM . BRIZ AL, B0 2240 )L
e Wk B IS0 S LB AR M LI R R LR
GWERE XM IR I BERE B S A G T TR, 4
R, R SR A B AR 1Y S o e
B IR FLTE 8 B, K ELBENE R BEAS M 2 i
F& T\ & ELW R 0 FLE & ok A D
SM, AN[e]AIE B W AR L W NS AP 2 AN &5 B B & A 22
5, BE— 2GS [ Wi N A1 43 1 2E B ) 8 A 3 AN
[ A 5 () Wl A ] 2 AU B F LA 7 3K A 45 A 2 AR F
TR A2
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