543 % 4 14 i Tl B Vol. 43 No. 1
2022 4F 1 H Science and Technology of Food Industry Jan. 2022
B, JE K, B B, 25 . 2 00 e R0%E 2 0 B BOR il 2 2R IS PR SR 1 SORIBEE (9], B T RHE, 2022, 43(1): 180-187. doi:
10.13386/j.issn1002-0306.2021040149

LIU Cong, ZHOU Xin, LUO Jinxu, et al. Active Proteins and Phospholipids Prepared from Chicken Egg Yolk by Green and Efficient
Sequential Separation Technology[J]. Science and Technology of Food Industry, 2022, 43(1): 180—187. (in Chinese with English
abstract). doi: 10.13386/j.issn1002-0306.2021040149

— % ad \ W 29N . _a N, e
S B AR
ox 0 S SOES Sy B RN g
v *I] ﬂéﬂb
AR RAS Elﬁ)'i i 5,
B ORLE R EHE BRI ENE T R EE
(LA PR R SR BAGHAER, HTRTIAREEEERE, F o LHAEERFRE L

BAFR P, #13b& I 4300705
2. 5T A YRR SR A TR S, ST R 3% 0 225000)

N

W BEATRAEEZIRERSOASFAR, RAGFCEFNAFSEEF P HHESEY B LA AW ERGINE R
# & & (immunoglobulin Y, IgY) . P& & A& & (phosvitin, PV) #2885 (phospholipids, PL) . & stk A KH##
h (HBEHH 1:10) 9B RERAS 5SS, BT 35% 14 (NH,),S0, #= 0.5% NaCl (wiv) st EFikitiT
#9 A 8% PEG 6000 4.4t IgY. A&/R 484 F &9 PV & pHS5.0, 90 C &4 TF 49 NaCl 8k (wiv) Fi#E—F ki, K
RACE/ICBR T A 1:2 (viv) REBEFH P LWL, £—FRMNCBRTEA 0 C TRART LN T4 PL.
B, AKRTIHRE, 1gY. PV A= PL 4946 5 514 97.38%. 78.63% #= 85.94%., IgY #= PV 8943 £ 451 % 6.15,
10.15 mg/mL. &% &M+ PL 6942 4 35.18%. B RIF6 5 RitAe g iy BR/tafe G A7 BR 1L E (0.70) Aedasd £ 4K
# n-6/n-3 b & (537) , ZPLARTREATR&EMWIY, A7 EAME, AERFLSHK, TAEXFRASHH
B lgY. PV A= PL, JFARHOELA ARERR LH.

KEIR): R, A E MRS, BAIRI, LB LB, fe Bk

hE A= TS253 EkFRIREE: B XEHS:1002-0306(2022)01-0180-08
DOI: 10.13386/j.issn1002-0306.2021040149

Active Proteins and Phospholipids Prepared from Chicken Egg Yolk
by Green and Efficient Sequential Separation Technology
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Abstract: In order to achieve the full utilization of the functional components of egg yolk, a green solvent was used to
separate bioactive immunoglobulin Y(IgY), phosvitin(PV), and phospholipids(PL) from fresh chicken egg yolk efficiently
and continuously. Firstly, the water-soluble fraction was separated from the lipoproteins by water dilution(dilution ratio of
1:10), and the supernatant was salted by 35% saturated (NH,),SO, and 0.5% NaCl(w/v) and IgY purified by 8% PEG 6000.
The PV in the lipid fraction was further purified in NaCl solution(w/v) at pH5.0, 90 °C. All lipids in egg yolk were extracted
using an ethanol/ethyl acetate ratio of 1:2(v/v), and PL in total egg yolk lipid was further purified using ethyl acetate at 0
°C. After desalting and freeze-drying, the purity of IgY, PV and PL was 97.38%, 78.63% and 85.94%, respectively. The
yield of IgY and PV was 6.15 mg/mL egg yolk and 10.15 mg/mL egg yolk, respectively, and the content of PL in lipids
accounted for 35.18%. The PL product may be served as a good source of dietetic applications due to its favorable
PUFA/SFA ratio(0.70) and comparable lower n-6/n-3 ratio(5.37). These results proved that IgY, PV and PL can be purified
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in sequence from egg yolk with high purity. Also, this method is very simple, environment friendly and can provide

technical support for the comprehensive utilization of egg yolk.

Key words: egg yolk; bioactive components; co-extraction; ethyl acetate extraction; fatty acids
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P EAE 85% MRS (ow density lipoprotein,
LDL) A1 15% 14 IgY™., ki Ag 70% =% EEAR
%E M (high density lipoprotein, HDL) 1 16% 1] PV,
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T alifh 1gY. RS EX LM TS RIR .
IgY MIElFEL R 80%. Zoidib—H: I 5T, Wik Es
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WSF) flg 8 M. & 55l #HT . WSF $2HL IgY,
It/ PEG 6000 i—H4lifk., Hik, FHOEEMIEE H
TR IR T ERIOUIREY) N PV Fl—LE5 .
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AAEE PL. PEE S T 2S5 ani&l 1 s
1.2.1.2 IgY myECS4lifk Sl 6. 7. 8.
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Fig.1 Scheme of the purification process
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FABE & & . el WSF i A e 2 (1.0%) 11
NaCl FAS [ AN (30%. 35%. 40%. 45%. 50%)
B (NH,),SO,, fifb i AL AN EE 19 (NH,) ,SO,, J&
38 3o Fe i P RN EE (35%) By (NH,) ,SO, FIAS [R] Hk B2
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IgY 43 B &4 . £ 4 °C F 8000 r/min &5.0» 15 min
JEWEEDTTEY), FH 10 AR 25 3 TOK G i . dliad
ANFEIHE (8%, 10%. 12%. 14%) ] PEG 6000 F-¥K
BRI UINE, LIRS 4l . 7E 4 °C. 8000 r/min 5
> 15 min Jim, WAEDTIE W) I FH 25 85 T /KM, TR
8~14 kDa #EHTLE BT ER, JE A TR T
1.2.1.3 PV RIS 4tk ff 1212 YIRS H
5 EELL 0.8(w/v) B LA BT 5 min, IF4E 4 CF
10000 r/min #5.0> 10 min, 43 FIEETIEY) A F1 |
W Ao BULTEY A S5 BhERI(LEE: LR L HR=
2:1, v/iv) LA 1:9(w/v) By ELBTR G, SRIGTE 30 C 4%
14 #E S FE 90 min, iE i Whatman 3E4RT BETR
B, AR DIIEY B, IS I8 WA 5% B 0O R Wi .
WG UTIE Y B LA 1:10Cw/v) 1Y bE 1] B 7 76 10%
NaCl H, B TRURST BEG53 0 o 43 PREURE IR
pH = 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, £ 90 °C F
@ 195+ 30 min, fofb i BeAE pH; o ¥R TE Bl
pH 5.0 FIAR[EHRE (70, 75, 80, 85, 90, 95 °C) &1
N #E 14 £ 30 min, 15 2 HAEM PV 4B A
10000 r/min &5.0> 10 min, Y24 F 359, 18 3B M
e, BT IEE 5 PV,

1.2.1.4 FHEHHRI  HOEERM LR LB LA
LBl ( 2 BE/ PR U FiR, viv=1:0.5, 1:1, 1:2, 1:3,
1:)ANBRGTTE A, BiE B -AE R (LR 2R 218 19
HlE, UivE A 52 GRS INELE 1:6, 1:7,
1:8,1:9, 1:10, 1: 11 (wV)FEEAIL. BHFIREGY
TE 20 °C FRES1HEFE 90 min, Jd3EEIFR, 7E 45 °C
TNEREZE R UET, KR 2 LR 2R 2L TR 5 A B

W 1o [FIET, B 2 R B 43 EIE W A £-20 °C
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B LR B UL Co HEIAY 2B 5 (B
B) A & B HOH Y R EEH Ay, il e 28 & (40 °CHB&R
RO, WERER O 2. FRIAY R RS 4y AR v 4H
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B, EsmARERE R IgY A PV RN 5 A g AR
BT Sy FL BT 1gY F1 PV BOZE R . PL 43 0 =
Ul GB/T 5537-2008 H4H A Fu i,
1.2.4 FHRFP=REGME  IgY A PV BIFFRN i
LR R T B S R B A L, &'
BV S5y B AR B BT BT i S e s P e R
R LY. BT AN TR
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/AR B AR
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fif BT 1) JiT % 0.34
o . ol i 7 o

IR FPLAY S (%) = m x 100

Hi: 0.34 A P EEIHYELERED,
1.2.5 BN ST 53 FT  FEFAPRHL 20 mg WlAE T
10 mL BE&4%, LA 4 mL NaOH-MeOH (0.1 mol/L)
WL, BARSEES, WY 15s JFF 65 C K

EIEME R (%) = 100
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Ak 40 min BIMEE IS, B HISINA 3 mL BF;-
MeOH(14% )&, 65 °C JIN#% 20 min, W sh7KR4D,
A 2 mL 1IE & BEFT 2 mL 0.88% NaCl ¥4k, 1% i
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B PRIREE 230 °C, 2 LR EE 250 °C, I SER I
(6] 2.5 min, JT G HFE] 3.0 min, 4% 58 5} ] 60.0 min.

B U5 B AR X B ) A SR T T AR — Ay
1.2.6 #JEEORGHT  HEHE PL IR & A PC.
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FHE 2 EMTikae s A b S 2 B3 PL U5 B
FHRIACEL R V (&5 vV (HFEE) 1V (K)=65:25:4,
WrkEE G tiffh. BRI SRE. BT, BJF 10 cm
oA, BUH R, ilZE R .
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Fig.2 Effect of dilution times on the content of
proteins in WSF
VE: X T [ —$8 45, A F/NG F R R IR 22 57 13 (P<0.05);
K3 e, E 7,

IgY J& — AP 7K % P 85 B3 5, W ER A ik A
WSF R, i fli ] (NH,) ,SO, i, i
5 K& IgY!™ . XA A (NH,) ,SO, i1 NaCl
HAXS 1gY MHERRCRAYSE BT T 50Hr. ikl 3A

7R, 24 NaCl ¥ )% K 1.0%, (NH,) ,SO, 1494 &
30% 3 hng) 50% B, $EBGE T IgY MLl BT
B (P<0.05), TMif59 M 2 AH I #a#, ¥ 3B Wow,
1.0% NaCl 55 [ a2 ¥ B (35% 1 1 B2 ) (NH,) ,SO,
FAZEGHT, 1gY BULERE AR, 1724 NaCl e B in &
1.0%(w/v) B, 1gY 191585 s . Z )5 k% NaCl ¥k
BERIREIN, IgY MOFRREE . IX—IS vl RS
T ER e N HoAth AR P 5 LU RE R S B0, 3X
5 AKITA U7 (g5 3 —30 . 275 2% B al g s
B, WPk 35% AT (NH,),SO,HT 0.5% NaCl(w/v) 41
AN E B PR IgY. A IR R AE 20% 1 Fn
(NH,),SO0, il 15% NaCl(w/v) A4, IgY &l
=R 43 )3 w5 £ 98.7% Hil 80.9%., NaCl ¥ & Ky
0.16 mol/L(0.94%)~1.5 mol/L(8.8%) b, 3 FitE i
il T AR IR A3 B ROCR, In AT EE Y NaCl A F]
F IgY BIULHERY, A FE7EHEER IgY i #2 5 NaCl
AR FH R ARG

SR PEG 6000(w/v) 4lifk Igy Y45 SR anE 3C

A 100 .
a o ]2
85 | P&
— |
3 E
N 70 8 Eﬂ
55+ {6 m
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B 110 [ 175
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< E
i 80 16.0 5,
2 g
70 t 155 %
i
60 | 5.0
50 45
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C 98 . v 170
—— R
97 be a ab 6.5 i‘rfﬂ?(
S b b 160 &S
i 96 b 5
= {155 &
95 %n;
r mf
. 50 N
94 45
10 12 14

8
PEG 60003 (%)

K3 (NH,),S0, # (A)Fl NaCl # % (B) . PEG 6000 #¢Ji
(C)Xt IgY ZJEMIRAR A M
Fig.3 Effect of the concentrations of (NH,),SO, (A), NaCl
(B) and PEG 6000 (C) on the purity and yield of IgY



- 184 - 25 T BHE

20224 1 A

7K. 24 PEG 6000 < EER 8% K, IgY MIZEEE i,
1FREAIR, SEEEFTEERST58 97.38% Fi1 6.15 mg/mL
HFEH . HIE 4ATT LI Y, 72 35%(NH,) ,SO, F
1.0% EAbsh (w/v) UTTE SR, ¥kiE 3 " #E 33 kDa KT
ABSRAFAE R = BB H R, {HH 8% PEG 6000(w/v)iE—
AN S, VKB 4 Thig 2R H W] b, R PEG
6000 7 BT 1gY WA RS2 . HPLC 45 2R (15 4B)
o, #FATE 1gY MLl 87.46%, L3t PEG UILTE
Ja gl 2] 97.38%, ZREAERATH PEG MILH& T A
etk 1gY o
2.2 PV RYIRBNEHIEEE

UITEY) B PV 230 I WEES T L ORI = i R
-5 EREAE S IEFF AT, 10% (w/v)
NaCl i # H TR HDL F1 PV 22 8] (OB 45 A7 28271,
ARSCHFFE T pH X PV $RELAYFEIN . L5RaN%E 1 o7
7N, TE pH5.0 2511 K, 43 B U S by (PV Sl BE oy
78.63%=+0.88%,13%4 10.17+0.29 mg/mL ), X5 REN
ZEUS g A R —E . Y4 pH M 5.0 B, #R4> HDL
B, W PV AT s b . S pH Wi,
A S A L A, A3 IRIE R BN, VSRR T, R
TH P HDL S, 15 PV i B8R FR%.

PV A #Uf i #4535 T oK, PRk R A
FUINAAbFRZE A mT P Hali BT, e 1 nl, 24
TREE M 70 °C T2 80 °C, PV 4li)F H 66.47%+4.01%

1 pH FREEXT PV 4l 1520

Table 1 Effects of pH and temperature on the
purification of PV
(SES K 4 (%) 3% (mg/mL)
4.0 74.86+0.08" 10.70+0.09°
5.0 78.63+0.88" 10.17+0.29°
pH 6.0 67.37+0.40° 11.75+0.13%
7.0 66.44+2.76" 11.90+0.37*
8.0 69.96+0.45° 11.32+0.62°
70 66.47+4.01° 12.71+£0.22%
75 69.36+0.36 11.92+0.91°
N 80 78.08+0.16" 10.30+0.06°
) 85 77.87+1.72° 10.02+0.83¢
90 78.72+1.02° 10.14+0.29°
95 78.11+0.09* 9.85+0.46°

B 0.10 r

TE: [FFUA NG SRR [ — 8 b5 2% 57 .25 (P<0.05)

BEPE T 78.08%+0.16%(P<0.05) . 1 kil 15 B
FH 80 °C F+& 95 °C, PV gliEE{RFFFaxE, 90 °C B PV
[SOEIIVES o '=PN o s s PR ] Uic b 95 A W= 1T 30 o s A R B S
WA PENT Y, DNITTHE S T PV S

HIE SA WTLLE H, UKIE 2 Y PV AR S 5K
I 1 B PV ARUES A —2L, 5 JIANG 450 (145
R—2, & HPLC 50871 (8 5B), JIrfs PV 4l
N 78.72%, #5434 10.14 mg/mL.
23 TEAEEBFEEFIRE

K 2V E A P R TR AR PR S S5 2H A,

0 5 10 15 20
VEMLHT AL (min)

K 4 #fifk 1gY FEGh Y SDS-PAGE [ (A) il HPLC & (B)
Fig.4 Diagram of SDS-PAGE (A) and HPLC (B) of purified IgY sample
1 1: Marker; 2: WSF; 3: $hAT A5 1) 1gY; 4: 2hH7+ PEG 6000 4bFHJ5 1) 1gY; 5: IgY ArvfERES .

B 0.10 ¢

PVEES,
i PVARMERE &
2
1
s 10 I 20
PEWEET ] (min)

5 4ifk PV #4411 SDS-PAGE &35 (A) il HPLC &3 (B)
Fig.5 Diagram of SDS-PAGE (A) and HPLC (B) of purified PV sample
T 1: PV bRIERE i 2: PV FEGL



843

B HE A5 SORBUES ORI PR A TS - 185 -

WA FE BB P FNAER A7) (2L 2R 2 B8 ) 19
ZH A R A R HITTE A T RIS AR T . 6A F
A, Zl 28 2R EeB R 1:2(v/v) B P=2 i, 2
JRE IR R WM S A 2 62% M PEAE R AT 33% Mk
PERBRC, PRARLARS FEE, SRS RTE LR 2T
AT MG fE, T PL #8850 T s Wb, itk
M EES L BR ORI LIRS F] 1:2 B, 154 S AR
T AR BT S AR AR BT Y LR IAE ], DA B v
Y r=FRik Bk, WK 6B Bras, EAE R IS
T, i B FRERE E AR R AR T E S
W TEEALSRME T, AU g b S H ™ R
88.09%, 1934 30.10 mg/mL, & T NIELSEN JH 2,
BEFRIBUITAS45 S 00, SRB I ANR G LB/ PR 2,
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Fig.6 The optimization of egg yolk oil yield
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