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Optimization of Extraction Process and Composition Identification of
Polar Lipids in Milk

LIU Mingzhen, WANG Tongwen, ZHANG Tao, JIANG Xiaoxiao, LIU Wenzheng, TAO Mingxuan,
YANG Yao, LIU Chen”, GUO Yuxing ’

(School of Food Science and Pharmaceutical Engineering, Nanjing Normal University, Nanjing 210000, China)

Abstract: In order to develop and utilize the milk polar lipids, the chloroform-methanol extraction method was used to
extract the polar lipids from buttermilk. The phosphorus content as an index, the condition of chloroform-methanol volume
ratio, liquid-to-methanol ratio, extraction temperature and time were optimized by single-factor experiment and the analysis
of response surface methodology determined the optimum extraction conditions. The obtained samples were analyzed and
identified by thin-layer chromatography(TLC). The results indicated that the optimal extraction conditions for polar lipids
were: Chloroform-methanol volume ratio 2: 1(v/v, %), 1:4(v/v, %) for the ratio of material to liquid, 20 °C for extraction
temperature, and 10 min for extraction time. The phospholipid contents in the sample under this extracted condition was
(1.647+£0.010) mg/g, and there were polar lipids such as phosphatidylcholine, phosphatidylethanolamine, phosphati-
dylserine, and sphingomyelin. This process aims to provide a research basis for the extraction and development of milk
polar lipids.
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v DA LA P R IR PR o, SR A 7 Ty X AN
WA T HEBORET PR E S, it i o
S, I R R AT R EURE L HR A PR A
T 5%, 2T B e TERRE A TiELn T
ML fE B RO, — T ] S FUERR B
KPR T ILA, 53—y i ] SR A EE LS I A
FIHME
1 #MRI5EE%E
1.1 #MRI5(EE

5Pl G Bob’s Red Mill 23 ), MLk n# 1
Fias; R IIBEIE (4iEE>95%) iAW TRRARR
oS BEREWE 22 E R (PS)  hRdAESh, € 1E Sigma 2
Al BEARMENRGL (PC) | BNBIELEENE (PE) . BHARHEAL

R BEILBY

Table 1 Ingredient list of buttermilk powder

% (/100 g)
paNiii 1.00
HuFRE T 0.50
&= 0.00
I ] st 0.01
ko 0.08
BBk 8.00
[ EreT o 0.00
i 6.00
EH 4.00

BE(PY) | AR BENE(SM)  rvfEdh, P & 25 A
SEMFGEGE; NI . G005, H s, AHE . =& bk, o
R B rral, EZERbAEEGIE IR A
GL-21M F AR Bl g S B LAl
LA BRN F]5 V5100 BUAT WL S6 R B oo
BT Ee A RN F; RES2CS-1 JEfbzE kA i TaE
BIRAFE]; ZNCL-GS B GemE 14y ik
IS BEAGAT RS )5 1IS128C #ISLuG 2% pH i it
PGHAGFEHE A R F] o
1.2 SKWHE
1.2.1 FUPEIBBIMEREL S5 TARSRED ik
FEAAE P . BRI 1.5 g 1 FLA B0 il ol o e 3 oy
10%(m/v) BRI, BT 40 °C K bt = 458
Vo T HE S 20N 3 mol/L FLIR 1% W VA #&
pH = 4.6, FHE#E L>HLLL 8000 r/min BS.C» 30 min,
B IR THepr b, & mBEinA 6 mL —
REAARFR LE A T - P PR G, RIS FRE 19138 1E
ANER R g B ], BR AR LA 8000 r/min
L 20 min, IEE FIE2AE P, _LZKARGRSIINA S
J5-H R G W EE FALIRPR . BIEE 2R
HIARIL I8 o FHZE A e 4 RNDRIR, BESF5H8 2/ INGEAR
B, HARR T o BSa e/ NEEMRT I ATIER, $iHE)S, o
PEINEEDTTE, ZART, BT 20 °C vKFEATF& .
1.2.2  FUHHERR T HSR A DR 3 S8 A LAk
1.2.2.1 PARIZESCE FREL 1.5 g BRELES, fsHl5% 7
L34 A 300 v/min, LABENE & & T8 R, 43 5% 64475 -
FHISAAR L . R b . $REERIR | $RERTR] 4 A4S 3E
PEATEALDA 2R S20G, A £5 DR R AR RS S e B B
SN, SIS FAS SRy G- AR G 201, 8
WL M 1:4, HBURE N 25 C, FEUE 2N 5 mins
Sy 2R S T - AR L (viv, %) (3:1, 5:2, 211,
1:1, 2:3); BEFLBIBRUTG 09 L35 A ALk
Bz EERERE L (viv, %) (1:1, 1:2,1:3, 1:4,1:5);
PR EE (10, 20, 30, 40, 50 °C); #2HURE] (1, 3,
5. 10. 15 min) £ HE R XIHREUE SRR S B 52 .
1.2.2.2 W ENGRLE:  #R$E Box-Behnken &1 HE,
Sy e BUE T -F B EE (A L B EE (B) | BEHR B
(C) . $EHET (D)4 B R 22 A X Ho R e AE 41
{EAE e R 2R, I B & o R, 264700
IDATE v A ev et e = &1L 7l R RN G 2 e O Fa v a5 P
5K 0L 2, 2R Design-Expert 11 2431754
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Table 2  Factors and levels of response surface text

IR
K%
-1 0 1
AZT-HEEL (viv, %) 1:1 2:1 301
BREHE L (viv, %) 1:3 1:4 1:5
CHEURE(C) 10 20 30

DAZHS ] (min) 5 10 15
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1.2.3 FEPEAE T S eE U PERR By =22 s .

JG A HIBEREZE, B AR B S I R ) s LA éﬁ

BB E . S5 38 RGP Wirk sk, jﬁ 1.0 4 b

JASEDECH 0.2 mg/mL By K S BEIB PR EE R, 435 & ¢ c
H20.2.0.4.08. 1.2, 1.6. 2.0 mL o BEASFRER £ 0.5 J
FEZEELLE P, NG E 4 mL, haiisol 242 o,

7 4 mL, ¥R 1RSI 1 min, 300 r/min Z5.0> 10 min, HL
T2 LGN S B, 1F 485 nm 4B E K EIE A,
L A XU E C(mg/mL) #4780 R, 225l K Sk
BB Fr A i 2, 45 2] =513 7 72 y=5.0883x—0.0011
(R?=0.9989) .

B TS DTS 1 mg/mL B PERS BRAE S, #% 1-
IR EEINE, F . OD {EH APRHE T3 B N5
WS C, PR L F AT A E & A
CxVy

M

i

e & B(mg/g) =

X My + My

b Vg AR, My SRR T s My
1.2.4 MR RE [ HBRETEXTZIK
PERR BT A THSERT . LG R, e Bz L
AE AL &S 1 PC. PE. PI. PS. SM AR #E & Fic i i
1 mg/mL B 4373 FH B AN W B B A R
Sl FIAR AE S AR FERE N T i 1 em ZE AT, SRR
2~3 WK, WIERIR T A5 25 SERE IR ST AR
JE& T 59 CEE T -H B /K -2 K L9 2y 3:2:0.3:0.1,
VIVIVIV) B ETET A o 2 R 1 50 31 3k ik e AR L s
1 om AbEE R RERSHR, X5 BTG b s, MRS L
AKX EERE R Ry

R, =a/b A (D

o a SR IT G BE A b0 B R S 2 TRl R,
mm; b BRI R IS, mm,

1.3 HELIE

T SEE R 3 IR, LI E R SPSS kA7
PBATGA5HT, BRI 2R T 2553 DR S Zi A4 vy e 225
2655, BE FHz+s Foom, HIAIZE57 R K5,

2 HBRESH

2.1 MR FRIEENS L

2.1.1 S A5-FEE e MR TR B sz & 1
AIAEH, 7E 31 1~2: 1 YEEIPN, B S R RS- FH A
FUEL s/ INT RGN, 78 21 1~2:3 JLEIN, Bils bl
B A5 -F AR L v N /N o 2505 - FE A
B 201 B, SRR I & Lk B AR, LI BEAE &
Ho~(1.372+0.035)mg/g.

2.1.2 BHE LbX MR BTERE sz & 2 S Rk
A% LAY 543 LI B R AL B R EL XIS & Y
RN, A AT PSR RS 2, IS siis o Bty
i, UEBHAT HLIE R FH R 2 A R k22, $RIBCR
R {E 2R R B 1:4 2 )5, BRIE S B SR N

3:1 5:2 2:1 1:1 2:3
Fi - (v/v, %)
Bl 1 AP S P BT LSRR & R is2 e

Fig.1 Effect of the volume ratio of chloroform and methanol

on extraction quantity of phospholipid contents

e AW FEFRR 27 B3, P<0.05, K 2~ 4 [F],

R BEFERRR LLIEIN, ASOUSAFRIG I 1 H R
Peak 3] —E (e, BElE 0 il 21 T AR FPIRES, 39
AALFFI R R P A ARBENS i B AR R, 52
PRI 5 i . BARREAERY SRR A BRI B )
WA BN F R B — e (B S BRR PRI A 2
e I LT 298480 £ BE 5, S g HE A
1:4,

1:1 1:2 1:3 1:4 1:5
BHELE (viv, %)
K2 PRk AL AR LU B 7 i r 2
Fig.2 Effect of the weight ratio of material and organic solvent
on extraction quantity of phospholipid contents

2.1.3 JRBEXTHRAMERR BPREAYFEme K] 3 AT, 2
HORBE XN B i A AR SEN, 76 10~50 °C 3l
FEI PN, iR 5 e B o v B 1 v S G i s B AIR, 76
20 °C B}, BEfE 0 & 5 ik 2l % 55 (1.440+0.008) mg/g,
S HAH f25 5 .35 (P<0.05), 1E 20~50 °C JEFE MY,

2.0 5

10 20 30 40 50
PEHGRIE (°C)
3 SRIBGRE X BRI
Fig.3 Effect of the extraction temperature on the extraction
quantity of phospholipid contents
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BB & BT IR WL SR FEEREA, A
Wilg FEAAAET MFGM |, iSRS SSEH
SISV, REmBEEEE Y, RIRT B e R 2 k4
EACYEF TR, IR TSt TP r44
RPN, I, B IBGREEERE 20 °C.

2.1.4 FREUESTRIXS B ARG BTER B S IR 4 BT
78, £ 1~10 min 75 [F PN, BRSO 5 & B 0] g i i
ThiEs, WIS, BRSO e R B ) i 2SS AN A7 ko
PEZES (P>0.05), HERZERGSRE T, BENg A HIAH
YT o S TR], JIT AR B A 2 0, A
R S i N, PEBCR L SR T . SRR
B, YR EH AR E] 10 min B, BEIE A 45389 1L
A PUFA Y, R EBURE S T B S S B R E
(1.474+0.065) mg/g. [H Ik A< i 5% 56 5% 32 B A 7]

10 min A A EFREET ]

2.0

1.5 b

(mg/g)

g 1.0 d
&

m

£

A

0.5 4

0.0 -
1 3 5 10 15

FEIIE] (min)
4 BRIBCRIBURT )0 RS & 15200
Fig.4 Effect of the extraction time on the extraction quantity of
phospholipid contents

22 MREIRELER T
221 man EERIS BRI R 5K S TR RIA4FL
e PR BB E T 2ol S50, AR IR PR 2R 506
S B) EACHE IS EL, SR FH a3 % S5 - FR B L
BRA Y . BEHSILEE | BRI ] U PR S el e T e
TS BT 38 ik B PRl 2R S0 o DA LAy v R
BRI BT (4 DU~ R 28 S50 P B, SR R il vl
N e B EARhr T R i . SRR 3.
2.2.2 N T R AR 04 i S S5 4T R -
Design-Expert 11 4413 3 308 £ A TAE LR PR
ZouAHIE, 153 B )= A .

Y=1.707-0.057A—0.29B+0.24C+0.07D+0.019AB
—0.019AC—1.125x10AD—0.07BC—0.016BD—0.062
CD— 0.82A%-0.65B>-0.40C>—0.13D>

2 4 AT, AN SZEG 0k FH ) Rk 20 AR AR 2%
S 2 (P<0.01), R 25 A8 I 25 (P>0.05), Ui,
A R AT &, AR (g L5 B g, mT e b S T ASE
TS I AR PR MU 2046, AL B. C. D 2 A%,
B>, C*. D* %} Y HA W 5L (P<0.05) . [AIH] 3
PR A 56 o 8] US A R B9 R? A 0.9900, 1E 3K B
R’ >4 0.9800, 52195 Fk 0.0821, 4l
FUL A 0.0065, 32U ITZASTR (G ROR LT

%3 Box-Behnken 526 K 4k

Table 3 Design and result of Box-Behnken experient

BT ASDS- T L BERR L CHEIBUIREE DELIRES ] YRS & i (mg/g)

1 0 1 1 0 0.5544
2 1 0 0 0.0080
3 1 0 1 0 0.5680
4 1 0 0 -1 0.5827
5 1 0 -1 0 0.2115
6 0 -1 0 1 1.3679
7 0 1 0 -1 0.5077
8 0 0 -1 1 1.0477
9 0 0 0 0 1.7078
10 1 0 0 1 0.7380
11 1 -1 0 0 0.5340
12 0 0 0 0 1.6665
13 -1 -1 0 0 0.6014
14 0 0 0 0 1.7539
15 -1 0 0 -1 0.7149
16 0 -1 0 -1 1.1347
17 0 0 -1 -1 0.8611
18 -1 0 0 1 0.8747
19 -1 1 0 0 0.0008
20 -1 0 1 0 0.7814
21 0 0 0 0 1.7405
22 0 1 -1 0 0.1812
23 0 0 1 -1 1.5285
24 0 -1 -1 0 0.5458
25 0 1 0 1 0.6756
26 0 -1 1 0 1.1875
27 0 0 1 1 1.4675
28 -1 0 -1 0 0.3489
29 0 0 0 0 1.6679

K4 )7 RERE IR 5 28 00 B M 2R 3 TR
Table 4 ANOVA for regression equation model and
significance test of the coefficient

VR SFAM HBEE BUrA FlA Pl M
TR 8.13 14 0.5805  99.05 <0.0001  **
A 0.0385 1 0.0385 6.57  0.0225 *
B 0.9882 1 0.9882  168.60 <0.0001  **
c 0.6965 1 0.6965  118.84 <0.0001  **
D 0.0591 1 0.0591 10.08  0.0068 o
AB 1.4x107 1 1.4x10° 02374 0.6336
AC 1.4x107 1 1.4x10° 02464 0.6273
AD  5.062x10° 1 5.062x10°°  0.0009 0.9770
BC 0.0180 1 0.0180 3.08  0.1014

1

1

1

1

1

1

BD 1.1x107 1.1x107  0.1819  0.6762

CD 0.0153 0.0153 261 0.1282

A? 433 433 739.53  <0.0001  **
B’ 2.75 2.75 468.47 <0.0001 >k
C? 1.05 1.05 179.34 <0.0001  **
D? 0.1019 0.1019 17.39  0.0009 H
B2z 0.0821 14 0.0059
FKHI 0.0756 10 0.0076 466 00758 A
4iiR%  0.0065 4 0.0016

Hit 8.21 28

SD=0.0766 R*=0.9900 R, =0.9800

T W URZER R, P<0.01; *FoR 25+ B3, P<0.05.

K 5 AT R 2K 22 HAE X BERE & =0
FEM, 45638 4 4558, 22 HI AB, AC., AD, BC, BD,
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CD XFilB0 45 3 1Y W 25 PR 53 B #4920 P>0.05, RIS
D5-FH B L R EL . B O AN BT Rl 4 S
FEP S HEAEIAS 3 . IR SR (Y S A
AEAE N AT (e A, S5 e IR A RO, RIS HBNE &
EER AT AORRRE 15, 55 22 0 A R 2R /KSR A e i T
Pt S Lo

iz A Design Expert 11 FA453WrA5 e 2Lk vE
RRIRHEH T 255400 I FLR 1.5 g, S5 AFE 4 mL,
P EEAAR AN 2 mL, B LR 1:4, w5 133k 4 PR BUR
BE 20 °C, ¥4 300 r/min, $2HLETE] 10 min, F LSS

Wil & it (mg/e)

K5 SEHARHIX S &

Fig.5 Response surface and contour plot of interaction on phospholipid contents

PET T, 3647 3 RBENR PRI S50, AR S bRHE st
A& A (1.647£0.010)mg/g., [AIET, SEPREEHGE S
FEL TR BT WU 4 1.707 mg/g FRIS{HIRZZTE 3.64% 2
PN, BRI T 4
23 BEERMEMSH

i oL v 2 2T, S i LA IR BT A
5 Fh, SESIEWEARAL (PC) | BEAGTHE . EENE (PE) | AR
o LI (PL) | 5 I 1Bk 22 20 1R (PS) A1 it 42 ¥ w5 I
(SM) . MIEl 6 HaTLIFE H, FfE i A 4541 53 e S8OR
by, JoHa RIS, X A3 EELY . Hod PCL SM., PE. PI.

Fi e 7 TR 145 2 14
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PS TLAPERHER) AT — D BRERT, AR PAT DU BT,

FRidN AL B. C. Do TLRPBRAEI SRR S 25 (UE

M RABDIZE LS IR N3 5 ffros: AR AL BL C.
D &9 RAESTHISA 0.74. 0.45, 0.30. 0.15, HrifE b
PEM Ry{H & 0.73, PCHJ R {H & 0.44, PIFl
SM I R ABE ¥ 0.29, R X 43 JF, PS Y R {H N
0.14. L nT 2L E PEHEWT T A S5 PE, B &4
YIJF - PC, C S E A PLEL SM, D S48 PS.
FH AT A, DS FURBy rh 3 AR AR BT, 2=/ b S A ik

REMEALEK (PC) | BEARTE L BERE (PE) | WEARIELL 20

(PS)%,

S PC SM PE Pl
Fle6 FihSinEREZENE

Fig.6 Thin-layer chromatogram of samples and standard

PS HE5

phospholipid
TE: WML (PC) | #l 2 BE NG (SM) | B AR Ik £ 1 i
(PE) . BEARmENLEE (PT) Figk e mE 22 2% (PS)

£5 WIREHS @RI R, ML

Table 5 The R; values of each components

B a b R GEFH)
PC 31.0 70.0 0.44
SM 20.0 69.8 0.29
PE 51.0 69.5 0.73
Pl 20.0 69.3 0.29
PS 10.0 69.0 0.14

YmA 51.0 68.8 0.74

YIB 315 68.8 0.45

L/Irige 20.3 68.8 0.30

Yt D 10.5 68.8 0.15
3 #Hig

ARG EE T T S FLA T SR L PR BT T
2%, 383 PP R 2R R N T AT T R BT 2 T
1k, 1520 T S ZLR b H2 B PN 0T 1) B e 27 A2
SF-HEELEA 201, B EE 104, $REGEREE AN [a] 43
AR 20 °C F1 10 min, #E 1 HEHERS S HR IO BE N
20 °C, $%3#°4 300 r/min, 7E L& SE4T 2L PERR
JoT B BRI BG, BE HORE S B R S R T IR E (1.647+
0.010)mg/g. ZPEH T ZBENEHE IR E =, $ElGH
P, T2 AR, B PR LA . A, dm R
JENTIEESHT, W1 LAB E SEIBORE & TP AT B AR TR0 . %
REMEZ B . BNETEL2 2% . PrEeiSmE e SE i R ot

FAFAE o PRI T 2522 4 vE i, 3 T Tl Ak
7, ARG B LR BRI AR, I A
JiIEIDRNERYINE e Dl e 2
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