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Effects of adding different kinds of oils to the diet on the technological
characteristics and texture indexes of eggs
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ABSTRACT: Objective To analyze the effects of different sources of oils in laying hens diets on the
technological properties and texture indexes of eggs. Methods The 1.5% soybean oil, 1.5% lard and 1.5% mixed
oils were added on the basis of corn-soybean meal basal diet respectively. After the experiment period, the
technological properties of eggs were tested, and the texture properties of eggs were tested by physical property

analyzer. Results In terms of technological properties: Compared with the control group, the addition of 1.5%
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soybean oil to the diet did not cause significant differences in the foaming, emulsifying and functional stability of
eggs (P>0.05), but significantly decreased the gel hardness of albumen (P<0.05); the addition of 1.5% lard and 1.5%
mixed oils reduced the foamability of albumen and the emulsibility of egg yolk, there was no significant difference in
the functional characteristics of eggs (P>0.05). In terms of texture indexes: Compared with the control group, adding
1.5% soybean oil has no effect on the hardness, springiness, cohesiveness, gumminess, chewiness, resilience, yolk
membrane strength, maximum shearing force were no significant difference (P>0.05); adding 1.5% lard and mixed
oils significantly increased the hardness and gumminess of cooked egg yolk (P<0.05), but the springiness, resilience
and yolk membrane strength were no significant difference (P>0.05); however, 1.5% lard group significantly
increased the gumminess, chewiness and maximum shearing force of cooked egg yolk (P<0.05). Conclusions In
terms of egg technological characteristics, the addition of 1.5% soybean oil in the diet does not significantly affect the
foaming and emulsifying properties of eggs, while significantly reduce the gel hardness of albumen (P<0.05). In
terms of egg texture index, the addition of 1.5% soybean oil in the diet does not have a significant negative impact on

egg texture indicators, while adding different oils will have a negative impact on egg technology properties to varying

13 E

degrees.

KEY WORDS: diet; eggs; oils; emulsifying; foaming; gelling; texture

0 51 &

XA I N RREE M E AR, A FEE MR
H. EAF. AR, g R YFocR" . Bk, 38
FEEA R T2 . St LA,
UeA Bl N T A TS B, BEEAE
W G AR, T I 7% X 6 i 0 T B A0 B 1k 42
THEEDR, BN HBIRAE T, B GIAL
TGS AR ) R R A5

G 2R AL, E AR R T AR Y R
PERGR M . R RERR AU FH & S e,
e H Ak K S A A5 72 1 Y . R AR I RE ) R A
TSNS N A Ot i M 2 R, 1T K BRI BR AT
FTFAEHL; IR A TR AR R B AED) . R
N3 R g R Gl b I R I 1 7= 9 i S S I
3] v o] T DA D S A 7 ) JSRR B KR R
HOREAE . R EE AR S A R, Yo TR FLLEE D),
ST A VD RIAR R KR R SR LA VR B
R B N R K AR T NS
s AN e P e 0 T B O R, e
FUEPEE SR . SOME RO LR . et AR A
0 R FALRE R NI LA RO R, — )
BT, FUALR R, FoRERFLILRE R, &Y
(14 S SOt DA £ S T RE AR IR 1 LR AR, HAp d %
) FH J5E AR A8 Hp A J5T b 22 T 57 BT 75 (texture profile analysis,
TPA)KIN 22 8 L R | bt | IS | e . R
IR . BTY) SR, R XY R P — R
F 2 11 A B 22 S A, i U B T AR X A1 g 11
HRSZRRRE, AT LR 4 S B s R 28 B A e 4 R O

H T3 A B A R R S A B, LT RE
FEPE RIS RA A 23 52 311 22 DN 35000 . SN A SR I P 1Y
WERAMRZ, . PyRNFA R | PUAL RIS, e R
ARG . BERR AL . NRSUk RS m R H AT pR R
W, PREEROPRERIE . HULBOE ) . B ueie | R . Ko
S PECYEEATEEE, M uUR BT ST
R BRI Z BT 0 RS SR, K
o3 RN S B A LA MRS I FL R, K B, SR
M FAR A EYEB N RS R SR AL B E S E A
JRAG S AR PR BE M AR A G, XS E IR
PO 5 B g, O M P i A, L WA R 8 R
[F] 5 X6 B 14 2% A8 e )t AT AR A S R 10

A, [ N A J e R R S IR R, Al
WSR2 B S 28 2mt
RO B S AR | A O o R e 2 Ol
T A FLACREPE R BRI . (27 &L, ARIE N —Fh
TEEE XY HORLC J vh /S AT sl A RE ERDRLES IR, 38 s im
1.5% A A 7R e el 2 FL AR 7 AR AR P, 3 o i
Yirkimis . sl SR S . FAT, AR A
0k B X8 S T e BRI 58 R 22 4 P A 2 MRSy 3OS
S A BRIk PR BRI S fif A - I ) X X T RES
JERE R R0 ), LG T ARSI X 3G 2 3 g e K
BUFEbRB W 2 A R TE e Eh . ek MEIREAE, CT
AR AR b X RS A TR R AR AR R
Wi i 6 A5 G, (B BE— RIS . IR, AW E
TERFFE HORE P AR AN ) 288 ik I X X% 2 0 R AR P B SOty
PERGRZIR, LA AR A 28 a0 155 A7 T 2% M R AT
KB



%5 15 3]

FRFEBH, AF: HOBRP SIS [R) b AR 3G 8 T 2R K B H R R ) 4893

1 MR5ERZE

1.1 w15

FERBERESE F IR LR REHE AR G FR A R CE SRR
ringE 1), W TG IM(E IR R N e F AR G 5 L,
INREACER A BR AR, il (SRl & R 1 ke/A,
U B 28 Al S AL A BRA WD, TR &g QR &g
RS . KRG8 . M. Rk, BrEfbidiam,
INARACAR KRB B A FRAFD; + b SRR aH (o Hrati,
= 25 A 2B R A F)o
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Table 1 Feed ingredients and nutritional composition

JERH AL 418 /%
ESP/S 61
M 24
A Ek 2.5
Ak 8.5
R A 4
BIRAR
fRIBHE/(KI/100 g) 1287
HLHE H/(2/100 g) 16
HAMR/(2/100 g) 0.2
AR /(2/100 g) 0.75
£5/(mg/kg) 3.16x10*
#/(mg/kg) 3.21x10°
AALHH/(g/100 g) 0.3
K53 /(g/100 g) <10

TE: WUREL: kg HARIRALA AR R WUREL: 4E4: 3 A, 200000 1U,
Y= % D, 100000 1U, 4L E=300 1U, 4E2E 2 K3=60 mg, 4%
Bi=45 mg, 4% B,=154 mg, 4EK Be=61 mg, Mi2=700 mg,
HER=21.9 mg, ZER=241.5 mg. £ kg HARILHLAIE PR ITIRY):
i25g. BE2g. B1575¢. #1104 g, B 20 mg. i 10 mg.

1.2 WESNEE

Sceural103-1CEU HLF43HT RF-OHEE 0.1 g, JLni3§
Z TR E AR AT BRZA H); AM-128 FTEHLCF LT A
A PR A]); pHS-3C K% pH i+ EIR B Rl U BR
23 H); A-XT plus AL (FEE SMS 23 F]); DL-435 At g3 £
TUTARARZRAABRA ), FI300-S 3 A1 HLCH M it
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TEHR 40 J& W (R F AT A9V 2248 Y 480 H, B, B
XGBEHLAT N 4 SRAG MRIR . 1 R, Bkl
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fig o P8 E K B} 2= 51 45 (National Scientific Research
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7d, IRI 14 d, FIRAEQ3£2)°CLidy . TR A WEE
MH P . RE AR SRR 1 d, IR
X TG 2 T 2 S SR s b A E
1.4 NIRRT E
1.4.1 BEHIHEIAAE Z M
B RS R FEHLEEL 15 AR 4°CORRIE IR, AR
DOROTHY P b A 4T H4AE, B ek ES TR,
W RWOICE T B4 EDMEE R SEWE s, HETmRE
ZARWEN K FRW, PR RIEOK AR FoR RS, P
LB AR AR, RIZEAR T, (A A AR
AR, BTSSR 5 min, 1533
SR WA BRI B AR IREE DI AR A 4°Cuk
FERLTE AT, R I R, A MEERRIE 3 AT,
£ KEVIN 2504 K BRIt 32 Oy v 0 s 2 o i LAk MO F
BEAEIE T, B 20 mL il 4 AR BB, 1A 5 mL
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H 1 min, FURHIEAT)E, ST RAJCEER 200 pL ZLARWE, i
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SDS)A WA T B, Mt BRI IR IR - 1576 R )5 1 7L
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Cx(l-®)x10
K 4g: 500 nm FHIEEE; D FLRBRBAEEL, 100; C:
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1.4.4 %A FRAREG M E

PSR RBEEAE 4°CHKFRIRTE 7 d, F T tatE+s
B AE o

(DRAETE TPA RYIIE

B IR FEHLEER 20 HOSE AT TPA (I E H-2E1 T
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K Z AW 10 min 5, BUHIFRHERE, HlSAER.
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(Q)AE BTV 7 19

A HEAREHLET 20 H00 2 T 5581 1 A a2,
X EZ DI MR o R SMSA/BC #5 F 4L I
AR BT, WASHW . WERE 1.0 mms,
TR 0.5 mm/s, ESF FATE#EE 10.00 mm/s, B
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WAL, Mk R gE, MK 0.5 mm/s, fill & s
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IR IR, P<0.05 FRERDE, P>0.05 £
IRZEF AR . R R DL CE I EAR IR 22) R

2 HER5HH

2.1 SHAEXIXEE R A M FIEL MBS0

7 H AR RIS AR [ 31 )5 %ok 38 25 4 o B e 5 o
2 PR o RIS AR AE X 4G 25 11 T RE AR M
BT, K Gld it TS E MR ML, A
Rt S PR, TR R A i B A 3 S e T
X R TERFLAE . TERIEIIREIRER b, X RRZHA L,
1.5% %% 1 RS 45 il g 100 4% o J 355 R IR T AR 1 Ak v
(P<0.05); TEHLATRENE b, £ HA 2 A1 3 0 i 35 2
5(P>0.05). 1ERE B INREIEAR |, 1.5% M4 i 8 B FLAL Pk
e SXTRRAEAR L, FUATR A TR R TR I SRR AR T R
P (P<0.05), HoAth i g 1 VS it 2 85 7L Ak R O B
ey FEFLRR S B, A AL R B TE 2 2
(P>0.05), R, 771 4 % 005 2 9 P A0 2L A e e VR ASCR
BT R AR AR 41
2.2 HEEXEIBRRF MR

E ARG H R AR AN 5] 7oh i X 25 0 ) R e e 1 245
W3 3. SXFHRLAIAREL, TR0 1.5%F0 G 5 IR T &
FIRERE | TSR (P<0.05); W 1.5% MR A MR & B
2 15 T OB I 1 T SR 5 B RN 4 B 5 (P<0.05); ¥R 1.5%
IR SR T B AR AR bR T B 25 5 (P>0.05), L, 7E
TZMERE b, SRS X B T B I R 1 kR O T
AR A IR

2 BIRPFMAERENISERBMEMI LRSI (=15)
Table 2 Effects of adding different kinds of oils to the diet on the foaming and emulsifying properties of eggs (n=15)

Eizgan Xif B2 1.5%5.3h 1.5%# 1 1.5% R &M
AR/ % 130.84+2.76" 131.17+1.62° 84.21+0.86" 75.11+4.36°
HIRFRE T/ % 85.13+1.51 86.99+4.38 90.90+3.20 93.50+3.04

FE A/ (m?g) 3.78+0.19% 3.860.19° 2.86+0.12° 2.06+0.05°
FLALEE PE/min 5.2240.03 5.29+0.08 5.26:+0.09 5.29+0.02

TE: AT A AR /ING T Bk R 18] 2 5+

B3 (P<0.05); LT RHFRAMZERA L

F(P>0.05), N,
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3 BRPRMNARE X EFRRFENSI(=15)
Table 3 Effects of adding different kinds of oils to the diet on the properties of albumen gel (n=15)

Eitn Xof HE 2 1.5%5 il 1.5%# 1.5% R &M
W5 i /g 588.92+108.05° 502.94+111.97° 583.33+97.73° 621.06+81.76"

W %4PE B /mm 5.52+1.17° 6.77£1.05™ 5.15£0.24° 7.60+0.62°
il i /g 985.70+62.50° 871.86+22.92° 956.91+74.18% 1047.95+34.27°

2.3 HAEXTETR TPA KIS

th % 4 AL, RENMIE I & H# TPA F5 45 H o7
B REMEE T s, LR AT AR T AR S g
W0 TR AT SR ) R R AR T AR, A RT RB AN [T R
TS T AR B PANURIIR R & i A0 5 L. AT S0
20, WML A R LN BAER BE TPA 9 B RIS A K
EXTRRAA L, W0 1.5%5E . IRA AR g g 2 b
TN Y BGE B A RE E (P<0.05), T 1.5% S L B E LR
(P>0.05); 1.5% 8% i1 A8 o S 25 48 v 17 220 90 199 ML WG 1 A
MM (P<0.05), FEFME ., BERME. WM L& 4t
PR 2 (] 340G .25 2% 5(P>0.05).

24 HAEMERRRE KRBV
TE & SR b b, S5 50 J5E mT L W] 4 S 107 2 o

FTRIE 45, HLER R B 5 i RS B NS A TR
BA 7. 3R 5 G5 EOR, AR RIS IS F B fE, T
X2 B A B R B . BT YD IS O A R . X R
ZHAH L, AN [R)IH IR B 38 I 2 X6 A B o R i o S
Z5 BRI 1L5%IRA RS 4 B2 1 & 5 ik 28
A (P<0.05), SACIRAFE WY G RIE 6, XA
AHEE, BN 1.5%TE-A 0 AR R 20 T B 55 V) R AR 8
FE(P<0.05), 7EHARBTY) I 4845 L T B 2 2 5 (P>0.05);
W 1.5% MG 2 BN T AR R KRBT . 55 Y)
et BN BT D) AR AZ ) BB U TE FRAEAE(P<0.05); {H
BI 1.5% M &30 . IRATmIE T AR E BRI ). 3
VIRER . BYUIRE . BBy UMz b L EZF AR
2 (P>0.05).

F 4 BRPFRMAEHEEXAER TPA HF2NEH(N=20)

Table 4 Effects of adding different kinds of oils to the diet on TPA of cooked egg yolk (n=20)

{545/ TPA X BE 20 1.5%53h 1.5%3& Ml 1.5%IR A i
Wi /g 171.10+14.68° 173.65+17.20° 208.29+18.15" 191.27+18.02°

% /mm 0.90+0.04 0.89+0.03 0.89+0.03 0.89+0.03
BERME 0.89:£0.05 0.900.02 0.860.05 0.90+0.02
JEEF 154.74+14.68° 155.78+16.29° 180.87+20.14° 171.30+16.32°
AEL g 137.92+13.09° 138.04+16.09° 164.49£19.20" 149.60+14.36®
[l 52 0.59+0.01 0.60+0.03 0.59+0.02 0.57+0.03

&5 BIRPFMAERBEXNE EREREEE NI (=20)
Table 5 Effects of adding different kinds of oils to the diet on the strength of raw egg yolk yolk membrane (n=20)

X HEZH 1.5%5.31H 1.5%X% M L.5%IR AR
W 2458 B /N 1.45+0.33% 1.35+0.32" 1.41£0.26% 1.69+0.36%
W ZIE AF /mm 5.73+£0.84° 5.90+0.61% 5.74+0.59" 6.05+0.72°

F 6 BIRPFRMAEMIEXAERT Y HHFAE(N=20)
Table 6 Effects of adding different kinds of oils to the diet on the shear force of cooked egg yolk (n=20)

£zt po:icitl 1.5%5 1.5%3 1.5% A g

BRIYIII/N 0.93+0.08" 1.010.11% 1.14£0.13° 1.02£0.12%°

B ) BE #/(N-mm) 13.08+1.40° 13.82+1.68% 15.60+2.29" 14.83+1.64™
B YR /mm 27.16+0.65 27.41£1.07 27.92+1.15 27.45+0.61

HAL BT YRR Z 71/(N/m?)
BT YT REAE/(m)/m?)

100.49+11.38° 107.95+16.77% 117.02+15.59* 108.15£15.19%

1414.33+158.47° 1469.14+200.01° 1608.87+220.92* 1565.59+148.41°
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W M TV L P S 0 PR 5 A 05 IR I WO
8 A TR 2 40 7 EL B 4 3L 72 R 2
B A ;[ 5 1 2 % I e 2 s 0k 5 7 T
(IfE ST . W TPA SEARTERL MR . AN T &% T &

TR B BIGERERR, YRS ROR
KiF, SHEEEN TS EARDG, WAL | PHAEME . RS EL
EMR, BREIZADI TS, = bt | SRR T2 A
KB WA AT, XA, 7EERY H R
TRIN 1.5% 3 AR A e 2 W8 1R = AR SR A RE B | IS
Pk, 1.5%55 T 2 B 35 38 B TS (P<0.05); 1H 1.5%E Jhib
PR X A TERE B . REEYE . MHIEMEIE AR L R EE R
(P>0.05), #AACERAAEHE . BERME . MM LG
25 B (P>0.05), R B A BT ) 1 0 28 & 5T 04 i
FEAEbR, HMISCRFg i U R R A ik, nl L F)
XA ERURAG I R AP, A 7 1R RS A R A . B
BRI AE R, B H P K oy 23 e O, 1l A o A
Z4; BT ) B R B AT LA S Lk S B A i e A e
SRR B R, (R NAY NG, TE R
H, AT R R S B AR L E L S R AR
TR SRR P AR R i e A R A U, AR gt SR
W, WINASIRI RSSO TR IS, AN 23X A B 1 2K o R
RBAEFBTY i s m g R, Bk, HEASBEST W] R I
RN i SOpE G Sl e e ATE S A IN
ABIFFEINE BIFEAR AT R B Xt BRLAA EL, &40 =2 [BI7E
EHWETY . BEPOREIE L, 25800, (AR MHANR
Bt R4 B E N T A R R, R T E R
R,

Mg AR 204k . UL I FRAE, TR AE N BE S ALl L
AR XA e . BCE RS, (R A, B
R Tz B INAE G Dkl . BAT, A TE AR E
S NTEPIEIAG . S tEg . IRA NG . SR AEERY
A N R R Iz B — R R R IR . B TRAE A Bl
YIrEAg, JLNAR R L Gl d R Tz M . IR A
Jig EAR 2 B RTA ST s, (EH TR RIS Th AR (1) A 52
Wi, 2 AR LA R SR M AR Fn g i, HLIR G FP 2
HHHEIRIRANIGE . B, S T R B XA KX R 7
SR 2Z AN IELE A AT O8I0 TR — 7K S (1.5%) B AS [R] 3 i Yot 38
WL B PSS RORE, WL EIfE 80 H AR s
1.5% 531

SE Mk

(1 BT, wER, SRR, 5. ARG R0 AL T i B 35 A e
FE[). Fa A, 2014, 35(1): 35-38.
TANG XJ, GAO YS, GE QL, et al. Comparative study on the egg
qualities and nutrient content of different layers breeds [J]. J Anim Ecol,
2014, 35(1): 35-38.

[2] kA, WK, BEEIR, . [E SRR I B E SR H A
], HFE & FREEL, 2020, (6): 7-9
ZHANG Y, HUANG YF, MO GD, et al. Comparison of egg quality and



%5 15 3]

FRFEBH, AF: HOBRP SIS [R) b AR 3G 8 T 2R K B H R R )

4897

(31

(4]

(3]

(6]

(7]

(8]

[10]

[11]

[12]

[13]

nutritional components of different breeds of laying hens [J]. Mod Anim
Husb, 2020, (6): 7-9.

N, BEAR, FH. WAL N B 8 T
SRR, 2012, 33(5): 49-52.

BE S PE R D], &

SUN Q, CHI YJ, XU W. Effects of glycosylation on the gel of albumen
protein [J]. Food Sci, 2012, 33(5): 49-52.

ML, BRNE, RIS, S5 ARIRICAER L SR X R A
BREIRIT]. 285 LR ARSI, 2015, 36(5): 44-49.

HAO ERY, CHEN H, TAN XM, et al. Effects of different storage

sy i

temperature conditions on egg quality and texture properties [J]. J Anim
Ecol, 2015, 36(5): 44-49.
I, M, BB, SF. R 2R E
BRI, 2015, (5): 6.
WANG Y, YE Y, JIA FQ, et al. Effects of different polysaccharides on

TINREMET RS [T]. b

the functional properties of albumen [J]. China Food Addit, 2015, 5: 6.
B, BEN, M. EIHE OB BRI, BT
A RHE, 2007, 28(8): 5.

LI LX, CHI YJ, SUN B. Study on the texture properties of albumen
protein gel [J]. Sci Technol Food Ind, 2007, 28(8): 5.

BPF, T, SRENEE, AF. BEARRE A1 oM s LAt R Y T
EHRMRARLT]. &R, 2010, (6): 6.

HUANG D, MA MH, CAI ZX, et al. Optimization of process conditions for
the preparation of highly emulsifiable egg yolk powder by modification of
phospholipase A1 [J]. Food Sci, 2010, 6: 6.

TN, TROR, HRIRMS, . HEWIULIEPIREERD] iR, 2012,
(12): 4.

HUANG LY, ZHANG Q, HAN ZP, et al. Research progress on
emulsification of egg yolk [J]. Food Sci Technol, 2012, (12): 4.

¥, AP, WINEGE, 4. 3ETF PCA-Entropy TOPSIS By H B b Fhbui
SIS BT[], ERRE, 2020, 53(11): 12.

LIL, XU S, CAO RX, et al. Evaluation of tuber texture quality of sweet
potato varieties based on PCA-entropy TOPSIS [J]. China Agric Sci, 2020,
53(11): 12.

JurE, AUKE, SR, SF. BRI AR b
[7]. &AL, 2020, 41(17): 279-285.

AR BT

YOU ZQ, LI BY, JIA F, et al. Study on changes in egg quality during
storage after transportation [J]. Sci Technol Food Ind, 2020, 41(17):
279-285.

F— il R A S RS [D]. B ol Rk,
2016.

WANG YB. Research on preparation and application of high foaming
albumen liquid [D]. Wuhan: Huazhong Agricultural University, 2016.
BEA, B, W57 SEEMRRIEMENIRD]. PEEXE, 2017,
39(3): 1-5.

CHI YJ, ZHAO Y, WU YZ. Study on the foaming property of egg
albumen liquid [J]. China Poul, 2017, 39(3): 1-5.

JRE. b M. dbat Rl s AL, 2002.

ZHOU GH. Animal product processing [M]. Beijing: China Agricultural
Press, 2002.

[16]

[17]

(18]

[19]

[20]

(21]

[26]

BRUTE. SEHAEYIEIE N> B RIRERHERTE (D). ot TR,
2009.

YAN RH. Isolation and functional properties of bioactive components
from egg yolk [D]. Wuxi: Jiangnan University, 2009.

SRR, SRERIE, XVEIF, AF. FIIRREILYR K UR SR SR TR
BGIRRD]. &S TR, 2008, (8): 3.

JIN ZQ, ZHANG JS, LIU YH, et al. Using nuclear magnetic resonance
and imaging principles to study the cooking process of eggs [J]. Sci

Technol Food Ind, 2008, (8): 3.

FEPRHE, XVUTTY, CHER, S e X R A R (5 ) B R DG
PEAATI]. TEIRA LS, 2021, 49(7): 4.

GE QL, LIU YY, MA LN, et al. Effects of cooking time on egg texture
properties and correlation analysis [J]. Jiangsu Agric Sci, 2021, 49(7): 4.
HUI X, XU M, LIAO MF, et al. Effects of tea and illicium verum braise
on physicochemical characteristics, microstructure, and molecular structure
of heat-induced albumen protein gel [J]. Food Hydrocolloids, 2021, DOI:
10.1016/j.foodhyd.2020.106181

Wi, ARk, SO, S5 2RO XS BRI ], B,
2013, 34(23): 151-154.

HU R, LI C, ZHOU WQ, et al. Effect of multigrain powder on egg gel
properties [J]. Food Sci, 2013, 34(23): 151-154.

TRWEE, AR, TR, AF. GG BBERC R R R R AT
[7]. B TR, 2021, 42(6): 343-347.

ZHANG YP, YANG HJ, ZHANG J, et al. Research progress on
influencing factors of egg protein gel properties [J]. Sci Technol Food Ind,
2021, 42(6): 343-347.

SRR, GKIE, Th3el. wRUR- AL R R R LA TE R T ].
FEZKE, 2018, 40(4): 42-48.

ZHANG SY, JIN YG, MA MH. Study on improving the emulsification of
egg yolk liquid by xanthan gum-sodium chloride [J]. China Poul, 2018,
40(4): 42-48.

SRARAR, HERIHE. IR AR AR R A AL R B R SE 0] kLT A,
2000, (14): 12-15.

GUO SL, CHEN NH. Research on the application of feed oil in livestock
and poultry production [J]. Feed China, 2000, (14): 12-15.

DALE N. National research council nutrient requirements of poultry-ninth
revised edition [J]. J Appl Poul Res, 1994, 3(1): 101.

DOROTHY DM, WOODBURN M. Gelation of frozen-defrosted egg yolk
as affected by selected additives: Viscosity and electrophoretic findings [J].
Poul Sci, 1965, 44(2): 437-446.

KEVIN NP, KINSELLA J. Emulsifying properties of proteins: Evaluation of
a turbidimetric technique [J]. J Agric Food Chem, 1978, 26(3): 716-723.
WIS, X0 TR N R R LA SE (D). T8 YLK, 2013.
CHEN HY. Study on emulsifying characteristics of egg yolk protein [D].
Wouxi: Jiangnan University, 2013.
WEB. EIFHEE I Re: 5
2%,2013.

HAABIFD]. T8 LMk

XU ZZ. Study on the functional properties and application of albumen and

yolk compound liquid [D]. Wuxi: Jiangnan University, 2013.



4898 B i R A R 2 13 %
[27] BN, PRECIS, W 4de. AT b Op (2R R B 2SR 2 1 1 Ry Sci, 2000, (4): 84-89.

[28]

[29]

[30]

[31]

#[Z).

MA XJ, CHEN HB, GAO JY. Efficient separation of ovalbumin and
ovomucoid from albumen [Z].

KIE. X A R I RERFE RIS (D). MR ARl k
2, 2003.

ZHANG L. Research on the development of egg products and their
functional properties [D]. Harbin: Northeast Agricultural University, 2003.
HAmd, sKeese, FEE, S5 HRRURIRFEK T3 E 5 R
XGAERE | A T ST BE R A [T]. S E SRR, 2021,
33(3): 1451-1460.

ZHU ANN, ZHANG KY, WANG JP, et al. Effects of different levels of
rutin in the diet on the production performance, egg quality and albumen
gel properties of laying hens in the later stage of laying [J]. Chin J Anim
Nutr, 2021, 33(3): 1451-1460.

INFESC, P, SRS, 45, WU . RO AR BRI
HERTREIAT]. 8 Toll, 2014, 35(9): 100-103.

SUN JW, LU XM, HAN ZP, et al. Effects of freezing on the emulsifying
properties of egg yolk, egg yolk microparticles and egg yolk slurry [J].
Food Ind, 2014, 35(9): 100-103.

AR RN HORR AR R X B R 5 5k AR U R 2L I 1) 5 i
[3]. PURaLOL2=4], 2000, (4): 84-89

XIA ZS. Effects of different fats and oils in laying hens diet on lipid

content and fatty acid composition of egg yolk [J]. Southwest Chin J Agric

[32]

[33]

I, TKIR, XUSCE, S R RIRAE LT RO i SR T U R
[3]. &dhTolk, 2012, 33(9): 75-78.

HUANG LY, ZHANG Q, LIU WY, et al. Effects of different heat
treatment methods on the texture of halogen egg protein [J]. Food Ind,
2012, 33(9): 75-78.

XNEHE, T, SKIRUA, . W BERRENT 40 SRR i T
E RN, 2014, 22(6): 4.

LIU HY, WANG XM, ZHANG JJ, et al. Effect of sodium alginate on the

FREIRI)]. AR

quality of sponge cake [J]. Sci Technol Cere Oils Foods, 2014, 22(6): 4.

(TR ki # m)

EE &N

AR, it, TEMRLE AN
EEEMSREREKRN.

E-mail:gaozhouyangcau@163.com

IR, BB, TEMARFEOAS
P e U R EE R LI

E-mail: jxzheng@cau.edu.cn



