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ABSTRACT: Objective To investigate the antioxidant activity of lecithin by optimizing the process of
ultrasonic-assisted ethanol extraction of lecithin from defatted egg yolk powder. Methods This study optimized the
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ultrasound-assisted ethanol extraction process using response surface methodology, investigating the effects of 3
factors: Ultrasonic time, ethanol concentration and solid-to-liquid ratio on the extraction efficiency of egg yolk
lecithin. The resulting product was further purified via zinc chloride precipitation and acetone purification. The fatty
acid composition, structure and antioxidant activity of the purified egg yolk lecithin were characterized. Results
The optimal extraction conditions were as follows: Ultrasonic time of 33 min, ethanol concentration of 94% and
solid-to-liquid ratio of 1:22 (g:mL). Under these conditions, the lecithin content was 354.179 mg/g. Egg yolk lecithin
was composed of 12 kinds of fatty acids, among which saturated fatty acids accounted for 53.32% of the total, and
unsaturated fatty acids account for 46.68%. The infrared spectrum of egg yolk lecithin (in the wavelength of
4000-400 cm™") was basically consistent with that of standard. The same characteristic group stretching vibrations
appeared at wave numbers of 1089.5, 1220 and 2851 cm™". High performance liquid chromatography analysis showed that
the content of phosphatidylcholine (PC), phosphatidylinositol (PI) and phosphatidylethanolamine (PE) in the egg yolk
lecithin sample were 268.9, 23.6 and 100.3 mg/g, respectively. The proportion of PC was approximately 89.65%, indicating
that the prepared egg yolk lecithin had high purity. Lecithin exhibited good scavenging rates against
1,1-diphenyl-2-picryl-hydrazyl radical and superoxide anion free radicals, which were positively correlated with the sample
concentration. The maximum scavenging rates were 52.02% and 82.2%, respectively, and the total antioxidant capacity was

80.81%. Conclusion The ultrasonic-assisted ethanol extraction method can extract egg yolk lecithin with high purity and

good antioxidant activity from defatted egg yolk powder, which improves the utilization rate of defatted egg yolk powder.
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(phosphatidylcholine, PC) i, 275 B 80%, HA&HT
Hh i 5k 2. 2B (phosphatidylethanolamine, PE)FIRE g EEAL
Fi% (phosphatidylinositol, PI)A /b 7 ML A5 Wk 2. B % (lyso
phosphatidyl ethanolamine, LPE)F1#5 % ig (sphingomyelin,
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RIRTIEEY . IR R AERGL . ik BRI FEMTR
AU R R A R R v VR 2 el B
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PR R ey SR U A M, liAS e, MDA
SRR A P R B AR T AR I 1 T — k5 TR LA
SCOROR AR SRR B Y, H AR R AT AR AL IR O AR 1Y 4
FahH, S i Y GUO U I R BOA A S
RO AR 2,75 15 (high  performance liquid chromatography,
HPLC) A AS A 3R ISR A, R R4 2 2%, HEEMTE
A A R AL B AR, AL FER/DN, AR WA R
BLEEF, BRI T Tk fbdfe

ZERATELIR, Bl SRR AU 2 ke A
PRI, e AT SHEAE AT B B, JuHGE
G EE AR AL AL BRI . (HIRIRIOT AR — 1 G
[ ONEBRRETS T M), TEHEZE B Z) kG Bt T 45 4 e,
FEOTYIR . R R, 5 AR T UiIE LR
FHORwE G 0 ek, R A 4R & 5 I IE Y
BLUTHE S e, ml sl i T

A FE LA i AR R R SRR, R R R A B 2 B AR
B 4w 2 1 DU Ve A 5 S T OR BN, ke o, T IR 352
X R SR BT 2 S BT LAk, 4 T 2R O
WENG MG LT, AR SMH @i (gas chromatography, GC)FlI
HPLC 437 H A8 i R 41 B AN = ZENRms 2 43 18 2 e, (5 B
H b 21 41 % 3% (Fourier transform infrared spectroscopy,
FT-IR){ X Heg5 My 47 3R AE, &l maiy . HA RiF
HrEALIEE R BT ORBEAR, A SRR T B A ol 0 1
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1 MR5ERZE

1.1 #MR5ERH

it i A OB (g A ).

PC. PI. PE FRifEdh (2l =98%, HEE 25 M6 E
WFFERE); JoK SR, Il EARE . SAAEE . AR (O
Brafi, REREIL TAERAR), Higs., HEg, =43
BE . CNG(ETEL, i e kA iain A\l s . i
FRIK MG AP = IR | =R H LA e (o Frdl, K
HETT AR AL 2R B D), 1,1- TR k-2 = il K ik
(1,1-diphenyl-2-picryl-hydrazyl radical, DPPH)(4li & = 98%,
X E IR A R AR, BUE bR R & (R
b A A R BRA F); SEge K R ZE IR K
1.2 UE5E%

FRQ-1010HT 87 i Vit (BT 1 Z F58 A R A
B2 HD); UV-1780 $RAMAT WA 6 Gl TR M i HE e
B2 FD); SY-2000 Jie e 78 KA (b1 0 5@ AR AR AL A R
rl); HI-1 REFBEEARCR N G MR A FRA H]); GL-21M =ik
Vo R O HL O R R A SE 30 2 (AR T R B IR D), Agilent
7820A ALY . HP-88 A3i41:(100 mx0.25 mm, 0.2 pm)(3&
[ 24 F]); LC-2030C Plus WA @I (HH Water X Bridge
HILIC #F 250 mmx4.6 mm, H AR EYYAA MR/ F); Multiskan
Skyhigh FFRYL AL HERHA R F); Nicolet Avatar-370
T B LT AR A (55 [ SR BR T R BHE AT BR A H)

1.3 WHEE
1.3.1 Bl & PIrs et IR T A

1 5 R P A%k 40 kHz, 8% 5 g BT EE 3583 55 100 mL
REWE Z BRI 1 h J5 TR A R, #5455
WCAEFEMUE T 50 mL 5504, 4000 r/min, £5.0> 8 min, B E
W, A 35%SAbEHATR 20 mL, AR &80, ik
SEVITEE B UR TP T8 24 h, 153 IRBENE RS .
132 $#R*E £kt

R AR WK E (84% . 88%. 92%. 96%. JL/KZ
) EAEE(15, 30, 45, 60, 75 min), BHE H(1:5. 1:10,
1:15. 1:20, 1:25, g:mL)%F A BETH Z 20K Hh SR HUER BB A
MBI, LA BR i N AL P DR B 2 B A R I A
e, THEAERN LSBT — 455,

1.3.3 R 52 Bk it

TR ELGEER, RO E . B . B
R (R EA T W O TR S5, AR A ik e AR, ARSI S
¥, REFEIKERLE 1,

1.3.4 IPERIs A AF T

SR VAR EE 000 52 R 5 i B . S (il R 2
Jriko BLO.S g #RAh 0.5 g AALEEE THHR, dpmisss
LA, BEDIHY 550 *CRKALZEMIR. A 10 mL 1:1

(V:V)ERRR NG, 1408 % 50 mL eI ) 5 mL #oknp
VRS 3 WK, VRIROIEAHETEM, N 50% S A AL B AN
PRV, AN 121 (VIVOER R B UTTER AR, AN 2 AR RERR
P, WEIKEZZE 100 mLo B 10 mL FRI% T HIE 6
B, RIKINA 8 mL 0.015%H BRI 2 R 2 mL 2.5%4H
FR4MVA R, TRSIE MK 10 min, FEBHENEEFKE
25 mL ZIELR, FEAIRE, LK AZS X I, 7€ 650 nm 3
A0 OB . X Bl v 14 (Y=0.1119X+0.0916,
r’=0.9971), ¥ (1)HA B & .

F1 WEERITER

Table 1 Table of response surface design

P %
KX TAZERE B S C: FHRit
/% /min (g:mL)
-1 88 15 1:15
0 92 30 1:20
1 96 45 1:25
C=(P/m)x(V,/V,)x26.31 1)

A CHONBERS & &, me/g; P Rk LR T ) i (9
B L, mg; mOoARBEIE BB RE AL AT A, g5 V) AR K
G FERE AR, mL; V, A U B i B DU (AR, mL;
26.31 ML R
1.3.5 B3 97 # g w9 5 )

) FH B0 ANV T DR A R0, o R S P g
FLEL BN B B PR vE N, B2 RIS IR Ao,
VM58 S (5 e S 28 AN R R N, IO B AS 75 4 1
T A8 35 °CTHE: 1.5 h JFUREEZ BHATE, IC/ERE I
URBEAG . VERGATE TR, M aRQ) T .

R/%= m x100% 2)
M,

K R AEBIIBEIR ML, %; M, g R, g
Mo W EE I B NG B, go
1.3.6 ) &% 97 B R i s BR 40 %, 55 4 M1 4 A7

(1) GC S Hr B 2 U N 17 1 4L g

HE GB 5009.168—2016¢ £ & % A E K bR £ 5
HEWTBR I AE ) bR e 5 ZE B vl vp B D R 2

GC 4cfth: #EFEIIREE 270 °C; ML 30:1, #IHHE
B 100 °CH£FF 1 min, L 15 °C/min #ZETFFE 190 °CH:4
FF 4 min; LA 1 °C/min J+ZE 100 °C{REF 15 min; Fifi)i5 A
1 °C/min J+=E 205 °C{#+; 4 min; /5L 5 °C/min F+ &
240 °C, 1445 9 min AEIIEHEE: 280 °C; 25 it 400 mL/min,
S 40 mL/min, FEWCSIE: 25 mL/min,

(2) HPLC Z3 Wi # U @EAR + PC. PE. PI it

FEHFRER 0.3 gitFHET 50 mLAF S =, A 30 mL
=S bW EERAW, WHE 15 min BEEME R
5% 50 mL, WA AL 30 min, B EIHWKL 0.45 pm AL
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FH1TE

PR UE, REIN .

g% AR 30 °C, FiBIHH A 5 0.9 mmol/L R
BV, WAIAH B LU E R 0~1 min, 95%ZJE,
1~5 min, ZJE 95%~67%, 5~6 min, ZJiF 67%, 6~12 min,
95% NI, Wk 1 mL/min, YEFEE 10 pL, KEUK: 205 nm,

(3) FT-IR 43 #7268 BRI 4544 43 AT

22 HE POV 5 1 98 M i, K R U0 B R AN
PCARMES AT B 5 7850 T4 1 KBr #2 18 1:150 /) EL A1)
FELLAMT IR A WIS 28 40 2 W Bk, 0T R R AL v s ol 3 BH
W, FUEL 4000~400 em ' HEA TR A AR E K
VKRR S R JBCE AR it A, A S R RO T S 3
UEBIA 32,

1.3.7 &3 97 B 5 0 BACSS LT R

()EHIIHENE DPPH [ i JLiE bR

DPPH H t3EIE07E 517 nm Zb A 3R 0k, H 53k
RIS A MR I, SHal— NS FIE R DPPH, Hifiss
M 2 g i P FRBGE SR i BB AR I A JGK 2 s
fERGERE, HileE 2. 4.6, 8., 10 mg/mL FE S, THL 100 uL
&N BEREVE R 0.1 mmol/L DPPH T4 (0.002 g DPPH ¥4
F 50 mL /K ZEEMA 96 LMk, X &4k DPPH FI/K 4%
100 pL; 25 FA4LMRE SR IR A JCK L B4 100 uL; B
VEJG IR 4], EiRREE N 30 min, 5E 517 nm AW
B2, R G)HE RN DPPH B BRI ER R

DPPH [ H 35375 4 %/ %=[ 1 -(As—Ab)/Ac]x100%  (3)

Ao As RESRAIOEEE(E; Ab hyzs IR EEAE;
Ac hy i HRZH I S A

(2)FE B ORI R 4B B9 1 A PR ST BR g

FHABIE =B A A IE I, 2% g Py ik
FEIME L, F 25 °CA&ATFANA 2950 pL Tris-HC1 22 g Al
50 pL 60 mmol/L JEA4 =My, MHiRG, 30 s i—ik
WOGEE(325 nm), & 300 s Z570, R @)HE AA, 81k
AP I 96 LR H 43 FIM A 0.1.0.2.0.4.0.6.0.8.1.0 mg/mL
BB IR AR 1000 pL, FEAIA 1950 pL Tris-HCI 28 wii il
50 uL 2K = IR, HGEIRARICH, 4 30sicH AfE
(325 nm), 300 s FEEUG AR L . WEBRFIE W AK(G).

AA=A300-As0 4
TR /%=( A A-AA 1)/ A Agx100% (5)

A Ay 30 s BFEESRAE 325 nm AMROGEE; Asge h
300 s FHRESLAE 325 nm ARG

(3)EEF BB NG BT A AL AR T H I

HA BT A RE TR G BB 8, 72 96 LR
RIKANA 5 uL FEASVAWR(100 mg/mL). 25 uL 80%Z BEA «
170 pL BERE, DFEASERAIE 2 AR, RS SR
10 min, F* 590 nm ZEERSGRE, FE B35 ST LRE )
14 HIEALIE

FT A LRI AE 3 ¥R, SR SPSS 27 Al Origin 2022
WX BmEirREEsNM S 2R, RA
Design-Expert 13 X i )37 T8 B4k 461547 o

2 HREHR

2.1 BERIWER

(DA [) 2 T J3 b 2 245 DR B g 5 114 52 T

OB X EE R BB NG S B S NE 1 R, T BE
TR 84%~92%31 [l N R ¥ BB A 1 e BlVA v BE e T v,
BAE 92%0} BT HAZ(P<0.05), K 88.21 mg/g, HHIHR
A FAR AR A RS TR, Y R BETE 96% M
FEUIHNG & R R, AT REE B PRR e BE 1 K /K
Ay, WK T WG A S K S O, e I A R
R, 25 YL LB 88% . 92%. 96%3HEA FI N iS5 .
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Fig.l Effects of different ethanol concentrations on the
content of egg yolk lecithin
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TR RISV T, EATELE 87 my/g. i M 4T
AR s [ ] 3 2o R 1 2 W 2R R R 25 A R, R
VAR B RCR, 5 [ B R O A AU 20 2 i
EA-IRRE AWM, HHd 30 min J540 T8 HGHEH
AR/, HE P BEAR VA R W TR Ak PRI, 7
FL4F AW R 2 S BORNROR B FHE, AT R 21l o oy 2
F O AE W AL T B BUUR A E, BRIk 3 A i )
15, 30, 45 min P75 L5206

) [AARHR EEXT 28 35 DR B Al 2 ik 1) 52

R H BB ZE B W H E 22— 4R 3 AT
M, BEEEFIES N, SEOVEEEN S RIS, R
WA 1:20 (g:mL)BF SRR B B 3 (P<0.05), &% Ih ik
JE S HEA 122,71 mg/g. BN Z A B o] LAE PR S R RY
Pl AR R, AR S PR IBUSOR, ARSLER A R R
BUSCR B W A TR, Ui LR AR5 PRk B s 2
I 58 N i N N s g W = e | [
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Y=345.93+27.02A+10.16B+14.73C-5.31AB+10.84AC+
3.86BC—41.7A>-21.38B>-27.36C?,

NP2 2 BRI T 22400 5 WA R SR, iR 3 AT A
BRI R A RP=0.9863, $U{H#EIT 1, RUIBIRIXT S50
LA TR, RERr L AR B A A OC R BBV IE
e BB Roaqi N 0.9686, 13 BAHERR JCOCAS BERE 5, A5
X SR 25 LA T AT (5 BEATE IR 96.86%, T vERfl M 45 0 5
ZIEALTY P<0.0001, JR4BII5 P 2k 0.7913 (P>0.05)iE— 4
BLZ A A A T e B, AR R A g o
RASE, AEAEEENRGIRE, BRRZEE /N, ST
J7 AW AT A5 R — YRI5 () 0 U (O 3 ) 2

BN IRR ISR (P<0.01); 2 H I AC W2 520 DR WA
BGICR(P<0.05), &£ HI AB, BC ANRE., LEKHE, 3
A B T IR A SR USSR AL STk KN 2
FisE e B2 (A)> B EE (C)> it 75 Bif 8] (B) o

®2 MEASBLER

Table 2 Results of response surface experiments

g A ZEEH B:‘ GV ol 5 JE A ag
BE/% A 8] /min (g:mL) /(mg/g)
1 0 -1 -1 272.143
2 -1 0 -1 248.402
3 1 0 -1 280.532
4 1 0 1 327.005
5 0 0 0 336.186
6 0 0 0 340.953
7 1 1 0 313.156
8 0 1 -1 288.125
9 1 -1 0 306.819
10 -1 0 1 251.51
11 0 0 354.719
12 0 1 329.951
13 -1 -1 0 241911
14 0 -1 1 298.541
15 0 0 353.159
16 0 0 0 344.62
17 -1 0 269.497

®3 EERBFTESHER

Table 3 Analysis of variance results for the regression model
F2RWE PO AmE By F P mEME
RIS 2275021 9 2527.80 5579 <0.0001  **

A ZE
et 584237 1 584237 128.94 <0.0001  **
B: A
. 826.52 1 826.52 1824 0.0037  **
C: Bltt 173475 1 1734.75 3829 0.0005  **
AB 112.88 1 112.88 249  0.1585
AC 470.13 1 470.13 1038  0.0146 *
BC 59.51 1 59.51 131 0.2895
A 752329 1 753553 12438 <0.0001  **
B? 192410 1 1924.10 4247 0.0003  **
c? 3291.73 1 3291.73 5433 <0.0001  **
3T 424.11 7 60.59
RAUIR 66.23 3 2208 0.3519 0.7913
iRz 25094 4 62.73
BEE 23067.38 16
R 0.9863
R g 0.9686

T *RR 2 50 1.3 (P<0.05); **FI/R 2 5l 2.3 (P<0.01).

P 4 RAE RIS HAR T X B OB 5
W %) 7 TR S5 o £ ] o HL i 7 PR 36 58 T 45 g 141 (141 4A B
O BUMEIE, Hhzk(&l 4a. b, cpEFGEN, BIMISCHNZRYS
UNENE S BRSO 3 o AR SRR R 33.38 min,
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TR 4 93.43%, BHE HEM 1:21.78 (g:mL) &4 F RS AR T2, 7 B T A& T T uEsE s, i s
SRGAFIEK, H354.499 mg/g, KT T IESIBRERAE, HEE B ORBENE & 354.179 mg/g, 5 ILAAOTRINEAHZE 0.32,
A ITA] 33 min, ZBEWEE 94%, BHE L 1:22 (gmL)y¥ER RERN, WAL A By, T .

B OPHENE  / (mg/g)
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fiﬁ; g
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48.0294
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15.6245 22.3667 29.1089 35.8511 42.5933 49.3355 14291771 4143 B 7 A /min
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Fig.4 Response surface and contour plots of the effects of interaction between response factors on egg yolk lecithin content
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2.3 ERIIBERBGIESER

PRICHLIPBANR 2 g, A DKPNBRCT 8 1 e f LB
ORI 3 0, & ERONIRE O, R T 35 °ChEzRER %
PR, SN AN S ) MRS PR, AT B A B O Y
[T hy 45.37%, o34 N AT RE AR BEBE AL B i B ik o

33.9% —\

0.7%

/7
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1.9% 10.6%
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32.5%
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Fig.5 Pie chart of fatty acid composition of egg yolk lecithin

NE NS G 12 ISR, b ARR R S
TR b7 HEAHXT 2, 2090k 33.9%F11 32.5% . M g iR
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Table 4 Content and retention time table of PC, PI and
PE in egg yolk lecithin
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Fig.7 DPPH radical scavenging rate curve of egg yolk lecithin
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Fig.8 Superoxide anion scavenging rate curve of egg yolk lecithin
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