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Abstract: Egg white is rich in proteins and has high biolc
<

resource. However, the egg white protein products have not yet be
four factors, including hydrolysis time, hydrolysis temper:

dispersibility of egg white protein powdet were traced as eva

gical values and biological activities, which has been served as an excellent food
fully developed. Here, orthogonal experiment was designed by selecting
and enzyme dosage based on single factor experiments. The solubility and

luatioh indicators for optimizing enzymatic process. The results showed that the

optimal solubility and dispersion time of egg white protein powder reached 96.6% and 39.6 s, respectively when the ratio of neutral protease to

papain, the enzyme amount ', the hydrolysis temperature , enzymatic hydrolysis time and pH being of 1:2, 800 U/g, 53.5 ‘C, 90 min and 5.5,

respectively. Furthermore, the

powder on the RAW264.7 mac

phosphatase (ACP) and lysozy
proliferatio

protein éiuct ith highly soluble.and function.

eets of simulate,gastrointestinal digestion products (SGDP) derived from highly soluble egg white protein
es was studied by cell experiment. The results showed that SGDP significantly increased the level of acid
intracellular. Meanwhile, the role of SGDP in immunoregulation was confirmed by the enhanced

teﬂ (proliferation index 1.28) and cytokine release. This study can provide an important reference for the development of egg

Key words: egg white protein; enzymolysis; protein powder; solubility; immunoregulation

BEE NRAE KI8T, AT B S Rk
O, MER T JIER. EAFERANELTH
BB, RAMENNEERMBE, mAE, &
WS HER: 2017-11-14
E4UH: BEREBANFESTE (31571784) ; MR KR~k R
(CARS-40-K24)
eI 528 (1993-), &, FMitisE, nsE: ErRilESHEAR
BREE: DEM 1957-), B, EL, ZE, WRHE: ALEERNER

o

3

A ANEUABARBRARES ( FE NAEAE Rk = 85 15
Pt LA QR ER 1 BT PR A i B dE T A, B BsZ
FUTH P ) T e B P X E
MR (R B XK I B A T g

Ji, R EESA 1%~ 13%MEAE, FEAREA
B, UPFBRER R, URSRKNER A N FORA R
Al IXUBTE A TR REER S R B IR LT 0.4,
DR FEIR 5P T R BRI 0.7, ZIURE AR
PR, i HRA 2RI, g R i e

129



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.4

BBRIEERY, VARG R TR D R AR
R IR AR DR Bk AR 1 (¥ RT LU ke S
/NG R M SR AT B BT, K A AR B T
DL A1 2 o o ) e S ™o

FEIE R 0 R 3 R AP Y, )
BT AN T . (HR SRR IR
Wik, sk, SERAITERIR R, Oy T HREE R
OREEH, D7 (A AIEH, K B R A2 H AT
AT RS R i 3 BN oy = (R, AT
TN LR BT R Ve 22 A i, ™ H ) 24 B
P E R USRI . ik, B TUER e R R AR
PR T ZREEN I LR RSO . DA 1
i e iR A SRR VA A Y A
N, (RIS, AEYREER TR OLE. %
SRR . FFEE N AR S
RERMES S, ERTHISELM LZ L, ok
B G FUMNA IR SR G T 10%Y: M5 A s 1
PR IHE SR 5 7 BRI 2 T il EE e A B

T, XS A R B AR R R AT S

SP-1500 WAZTHENL, FHpIICER B A TR A
HERAcell 1501 — %L H5 77 48, 4 [E Thermo
Scientific A 7]; synergy HT £ D)fitRE##1%, 5 Biotek
ALk

1.3 ik

13.1 IZ#AA

BB T B P R BB AR S B
FTIRALHE Wi b1 SR T R
132 #REXE
1.32.1 FgfTiE

WM AR, KRR
JNEE IR TG A
JERN pH FREEA A T Mg
IBERR Sh SRR IR, I
H pH A 7 IR REEh S TG, WA 50 °Cs Bk
PR AR pH 8.5/ Tris-HC1 28 MR, B
fifeli % 55 °C: AJNEEABGER ] pH 4 6.5 B BAIR &5

U9, AR S PR 0 R 2R A T /K R AR e L é#ﬁiﬁﬁﬁ, ARSI 60 C o BRIy 30 min,

B, RITH M RO AL, LRI R
NEF PR R PLEE S5

1 HRSES
>
L1 R S

B, KT LE LIRS . /

RAW264.7 #iiffd, T ERSpe bk dr b
O Al e S

AN AR (BoE pH 6~7, FOEREEA 60 C)-.
BPE SR Al (5o pH N 8.5, FIEIRE N 55 C).
PR B SERE N 55 C). KRR
FIg (i 7, BOERE N 50 C), BiEEMA
Y B F s BERE, g, BRI AR
AN BRERT SN BHRE T ANVE Nl [EZ
ERRFERAR; BE. Bl f2hE (LPS), %
[ Sigma 2 F]; CCK-8 W, dbatEMAMRA
BRAFE NO Wlifl&, R ERERARAF;
IL-1pElisa k76, JRIEEAERE A IRAHR .

1.2 (UHE5EH

Sigma3-30K mid e B 0L, 36 Sigma 2 F;
K9840 *F: HANHLIRERAL, Trr R AR A
HH-4 #E FEIBKRH, LT T R 5T
fEAHE]; HYP-308 JHALY, EIHELFRAC AR AR A A

130

/L

R 5y 50& SY BN, D5 LIRS
C i virta ap
1.32.2 BREEEL

TERARE PRI ST RO RIS A -, DU
RIEER] (1:1. 1:24 2:1. 3:1. 1:3. 2:3. 3:2) HHTHf
D, [EEBRR N 500 Ulg, BEARRTIAA 30 min,
WP E N 57 °C, pH oA 7, 203k, e s
FRFERN o, 3 A L SO o
1.3.2.3 B[]

TERf 2 S R SR LR LU B L R
pH AUINBEEE N 57 °C. 7 1500 Ulg, SRR
[ 30, 60+ 90, 120 A1 150 min HEAT A, 4350
S FCIR AR EE D 43 B
1324 Jinfgs

TERf 2 S R R LR L B L A R
pH FIBEAARRF IA][E € 57 'C. 7 A1 30 min, 238
4500, 600, 700, 800, 900. 1000 1 1100 U/g i
ATHAR, 3 I 5 I g R AR 43
133 EOREMEANZ

KB B E N A RIS S RRS, Er it
SEIRIEE IS

BERAYK SRR MFaEts, Bk
FCE 1% PR, FIRE SR 1 h, 25
SEARZE 100mL, #E 5min, B EA&RAERT 50
mL Z0%8, LA 1500 r/min 3 B0 10 min, HU_EiE
WAL E ZUENAF AT IAPER,  SEIM = ICFAT .

TERC.



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.4

134 s#ckegnE

SRR TR G ksl . B2 g BRI
50 mL Z&08/K, FARE PP DL — el B AT IR,
R BT S SO I S BT S (D B Ay 3 5t [, i
B =K FAT -
135 AE mE

PR SCRRE Y 92, T AR B RS B Ak
DL 4% LU s i T 250K, Bk s), 2RI
A5 pH E| 2, LA 1:80 MEIKLLIIAN B R, T 37 CFR
;2 h, SCEPF 1 mol/L ) NaOH &7 pH % 7.5, LA
1:50 FIREIC LIRS, 537 CFRRFL4h, ML,
WEE TR 10 min FEFKIE, SR 4000
/min FFSE T B0 10 min, YE FIEBE T
13.6 BEfE0EE GBI M3 RAW264.7
4m R3G90 04 700

HEREE A KA RAW264.7 BRI 2x10° A/
FUEERIT 96 FLHCF, MiEE 4 h 5, WRHESSRR, A
ZIRFEN 25 50+ 100 pg/mL [KEH 1.3.5 F TR
PIREFRIR 100 pL, FHMEXTHEONZARE N 100 ng/mL [
LPS, 7NN ARA LRI, ANRER 5 A
S5l ¥ 96 FLMUBCE TEIRARE R FR A H 15 7% 24 ho
I B 7R SR 4 B R R R, MR FLINN 10 pL
CCK-8 k7, BTHFAHRN 2 h, I FHEMUAE
450 nm #K T OD fH, SEIR 3 AT . -
25 254 ODasowm — 25 11 2H OD asyjim
Xt B ZH OD asomm — 75 F 2 ODiason

13,7 BaffA&& a3t RAW2
smf, NO BakFe sk ILAB 897

OB KM L 1< 100 BEFLEERRT 12 FLAR
W, EEE 4 h, W BRI, N LR EE A 25, 50
100 pg/mL [55A7 1.3.5

GBI TE I 1(%) =

‘ TENIRE T 3 AR AL ¥ 12 FLAUK
B TR RS TRAE 557724 ho iR B3, #%1E NO
A L1 WA E BE B EE NO A IL-18 & &
13.8 BB EG b= M3 RAW264.7
R fie M B 49 %578

HMOALERTR] 1.3.7 715 AR E R R AR R S TR A
7224 hZJ5, W BIEWE, F PBS iEVERE, YR
YA, 7EZEIR T LA 1000 r/min HUE5EEC> 10 min,
3%, HPBS Hi, FREL 10min, EE 12K,
7 LiE, FHYBRBREAE VKK 2444 T LA 300 W )3
K, FHRHF 3~5s, [HFE 30s, FE 4~5 UOKGAnHn
. FIBERIEREIREE (ACP) X7 & Ui B FHEL 4 pL 3t
1T ACP [llE, #HRVEERE (LZMD G uii -+

HY 200 uL f3E4T LZM [5E -
1.3.9 HIBEHT

JIAG SeBedtAT 3 IREE, PR HEE R
SPSS 17.0 %4447 One-way ANOVA 74T, “FHEZ
(8] Duncan’s multiple range test #H T2 H L. 13
SR 4 TR AR ZE S Wi AT 0 HT

2 HR59Mh

2.1 bR AR EE B R T A Bk

127 nr']
R y
Vi |
100 a R IE 7300
L w—E A
80+ t_) 1250
b b
' ! 1200
< 6ot T 2
i o
= 4150 =
= B HF
g 40F -
' C {100
< 20+ D D 150
0 0
PR BEPERY RS CIRY PR R R AR

&1 SRR A B AR =R BRI AN S AL A2
Fig.1 Effects of different kinds of enzymes on the solubility and
dispersibility of enzymatic hydrolyzates
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dispersibility of enzymatic hydrolysates

E: RPNBFRRTEMESAEZ A £ F I KB F
FR TSI ZN G £ FH, FRAARNEATEFREE

(p>0.05); FHERE AT £/ BF(<0.05).
ARSI I H R 1 R M R S A T B 1 g A
11, 12\ 21, 13, 3:1. 2:3 A132 Wﬂﬁtbﬂﬂfrwa
. BEARIEE N 57 °C, BEH#RTTE] 30 nun,
ﬁﬂngpHﬁ7, %WI2WT
ATLLE R, DAAS[E LG5 B !
SMWM%%meﬁﬁ%%mm,ﬁE.ﬁﬁA%ﬁ
[F B A R o SR A Ie TRt — PR . LRk,
VR I 5 AR I LA 1012 3o i
%%F&ﬁﬂ*ﬁﬁﬁ( 05), AL, UiEH
VRO B L FE M, YR NE AN S+
M TE 2], B ETS B R

‘TEEEI fitfs

FER Ffﬁ “ fEL ]y R A S AR E A
BT LY 12 B RGP 0 ) o B e i, O

51.24+138 sy, LS ARG S AR F 8 1:2
(0 L AT 5 S TR A AR AL S5
4

2.3 H R IR 2B UK B RV R R A M

H % v

B 3 2 55 AR ST [) o] Tt e = A s AP P AR 3
PR, 7] LA B 30 min A1 60 min K}, EEE
PN ARIE A B ZER (p>0.05), (ERHFE 90
min BPEARFEEIR BRSO 91.7120.61%, TERGAR[A]

132

#BI 90 min 2 Ji5, VAR ESURI R %, ital s, A
HPE R RS AR (LA 1:2 /I LB 7F 90 min
B A = (P A P o, T T o S AR 2 A8,
T AR A (DA, — 7 TR Ay il A 3 S K P
AR, S, KEHERS A EE R AR
RAZHE. TR, SEER IR

4r ; -

o[ e a A 1%

ol R

0 160

=] 88 B b A 58
== e
86 — 16 =
B g4} x
&= 154 B
& 8r -

~ sk 152

8t 130

76 I 148

?4 1 1 L 1 1 1 46

30 60 90 120 150 180
[ 18] / min
#3 Eﬁﬁﬁ@?ﬁw AR RN B RIS

Fig.3 Effect of hydrolysis time on the solubility and
dispersibility of enzymatic hydrolysates
E: AP ”‘%%‘—ﬁﬁfﬁeﬁiﬁéﬁézlﬂ HERM, REF
HE Rt (lﬂé’]fiﬂ- b %‘&ffﬁll’lf&’l‘f—_# 2%
0.05); FERF & £ 52 (p<0.05).

24 s T X B R OB R E A O

R 17
At A 170

40 500 600 700 800 900 1000 1100 40

i) / min

[E 4 TR NEEEIEERE 4 AREE R BRI
Fig.4 Effect of enzyme usage on the solubility and dispersibility

of enzymatic hydrolysates

E RV B FERTEMEEZ N E RN KEF
FE TSR0 6 £ 5, FEAR I’l%«riﬂ- "R
(p>0.05); FEARF AT £+ RH(p<0.05).

M 4 TR, BEA IR RN, B
VIR AR FE S8 I a PRAG . AE AR AN 500 U/g H4m
FE 700 Ulg W], BEEAR =105 A £ 1208734 10 75 700 Ulg
IRV AR BEIR B e, N 92.92+1.94%. 4KSEHI TN
INmgEL, VAMREEIZATIEAC. bR an, AR A



R EmiB Modern Food Science and Technology 2018, Vol.34, No.4

5ARMEAMLL 1:2 MELBIEE, Inl§ELE 700 Ulg =1 EX@tEESKE
5, SR . XS Rk e Table 1 Factors and levels of the orthogonal design
VIR IR R TP Z AR T R, /KPR, i A&
AT 386 06 7K A PR R 7K e 47 v e % 2 11 o () A LA e A i%/E/C BpHAL C Btdl/min D AuB52/min
H, A8 BRI ER K YE AR IS s it . e 1 50 55 30 500
IR 20, KA R K Ik 5 Bk — b4 42 PO, 2 535 6 60 600
MITTRRAIS T 31IE B R R TR 3 57 6.5 90 700
NN o e . 4 60.5 7 120 800

25 EXERATREBMEH 57 BT R T
251 EXREEH Zra ) \/ZJEE*ETE%/\TE:*T (B, X5

EH T A 1 B RN A T B 1 B ) e 0 i P (1) S5 4 FFAT T NI VP — N E

50~60 °C, HiiH EZE AN A& AR 60 C NI 2 B ZIK;&E@':P* ERSF ) g

WAk AR R A, HIURME AlERoE pH 7E 6~7 E BN, BT LRE 3=0.55< R S8 FE+0.45x 4y
FeA s I RAE B DR R S A b A AT A T AT HUE SR
Mg pH AOSERS,  THRAE 1RSSR 70508 1 4 A6
JZo FESAAIERSIIG AR b, AR By PG ) foeidi i 2
A pH, LABBERZ . B pH. B (e Aol 20y .

ReE - Fbm i/ ME
FEPRE - TR R IME

e P R R s
MAZ, BEATIUEERPDKFRIEAS RS . BRI ERK bR e KA - R bR /M
TRAEK 1.
Fz 2 ExiEisit5ER &
Table 2 Results of orthogonal array experi
X5 A =5 D IR/ P G e
1 1 1 1 1 1 0.906 49.05 0.661
2 1 2 ‘2 2 2 0.852 53.63 0.456
3 1 3 3 3 0.953 50.72 0.729
4 1 4 ) 4 0.794 47.54 0.452
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6 2 2 1 4 3 0.873 43.98 0.690
7 2 3 4 1 2 0.922 51.66 0.644
8 2 4 3 2 1 0.880 57.09 0.447
9 1 3 4 2 0.838 37.00 0.754
0 3 2 4 3 1 0.814 38.70 0.668
1\ 3 3 1 2 4 0.870 40.82 0.747
( 3 4 2 1 3 0.834 54.36 0.402
'13 4 1 4 2 3 0.815 47.05 0.505
14 4 2 3 1 4 0.823 44.92 0.565
15 4 3 2 4 1 0.696 59.79 0.000
16 4 4 1 3 2 0.904 46.44 0.709
k 0.575 0.684 0.702 0.568 0.444
k, 0.649 0.595 0.418 0.539 0.641
ks 0.643 0.530 0.624 0.730 0.582
ky 0.445 0.503 0.567 0.474 0.645
HER 0.204 0.181 0.284 0.256 0.201
A& Lk BCAD
I3 B,C3A,D,

133



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.4

2 RIS TR, Rz T
S H IR R EERE T A B>C>A>D,  RIfgfE
pH> P g >l ] [r)> i . X e U247 B0
SKIARE), AR BRI, RIEE R B
53.5 °C. Bgfif pH 5.5 BT H]) 90 min. JNEEEA 800
Ulg B, VEARIEN 96.61%, 7N 39.62s, #RikH|
TRIFIIACE, B E S S8 AT 2K o

2.6 AR E A8 H 00 RAW264.7 4
H o B 1 v

451

40t

Hew

35+ < c =

be

30F

25+

ACPi& 1 / (42 FCPAE/100mL)

20

?if_!l'l L];S 2Is 5'0 mlo
#WeFE / (ug/mL)

& 5 ESREEMELIHIxT RAW264. 7 4RARFI ACP BYEZNE

Fig.5 Effect of SGDP on ACP in RAW264.7

1.6
f_]Em 1.4+ T . le
@ 12 5
= b
= Lot L
& ¢
2 08F T
)
06
0‘4 ‘l, 1 1 1 L
2 LPS 25 50 100
e HE / (ug/mL)
6 Ef

95 '1{#4@5&%%&13@%} LZM
(SSGDP on the LZMin RAW?264.7
AT £ T RE(p>0.05); FEHRRATE

BALB/c/NRZ Abelson & MR EIH S47"
AR, B A S, USRS BRI K B B
YHMIFF 5] RAW264.7 4H/fIPk, RAW264.7 EWE4HHI R
[ LRThEE, CIREEVER. PR SIS Fham i A
TR RAW264.7 M2 i 52 39 70 e
T BUEAN AR S S RN, A ARAR U
MEEE T BN RTE L 2Eat, 2SS FhThREr
Sehit. EVEANN PR 2R R RSN, thn] ik
— LTI R, IR A — e R AT 4
FEITRERZS

134

L

PRSI E VR A bR 5, 5 SRR,
T N ARG O FEE o Y R A T L g —
M4, PIEARSNERAER . I S W51, &l
WERSE, RAW264.7 F=Ef) ACP REIEZ (p<0.05),
HBEEWE T, A EFrEass. i e nk, AH
FeTF s i, SR 5, RAW264.7 724
AR SR EE LT (p<0.05), {HRJIREZ A
ZRARE (p>0.05),

g brrsn, fEEREARA T EE B Y S, B
A AR SRR IR IRRE & B R B, YIHE
WRANRAR GG, TR B S R LT, X Ll
BRI K, ALhR s R o
SER IS TR T DI RE IR -

2.7 ERA Y B B NH 1L 4 3 RAW264.7 4
‘ W A, ’
HoR R 0 MNO o -1 B
20
18+ a
1.6+ X
L4 cd ¢ T
& ot T T
= 1o} d
= 08f
0.6+
04F
02F
0.0 = ! L L L
] = | LPS 25 50 100
HePE / (mg/mL)

B 7 ESRREEMNENIYIXT RAN264. 7 HE5EAISZ0E
Fig.7 Effect of SGDP on the RAW264.7 cell proliferation

10
a
a ¥
=
b
E 6f 2
= c c <
& 4
=]
Z 5l
0 ‘l, 1 1 1 1
aH LPS 25 50 100

WREE / (mg/mL)
&l 8 BERREREMNHELAHIXT RAN264. 7 FERINO HISZIR
Fig.8 Effect of SGDP on the NO releasing in RAW264.7
FENUIASZ B JFARNARIN, BRI S e R 2
1, B B B 2 B e B AR S A4 R Rl kS
B G ER .
HE 7 75, S5 E0T L, BRI S
4 50 mg/mL AT 100 mg/mL £H .25 34 Jin E G4 A ) 384
FEREST (p<0.05), TLHIRESAE—E FIVREE T AT LA 2L



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.4

IR E MR IE T . — R NO s —Fh B i
PERH A, MR BAVFZ/ER, Wil DA-&
RIERTHEN, 5% 0Mdi S, ke
FErh R R —Rrp R R 8 A, W
N 100 mg/mL AHERXTHRZHAHLL NO B & 24 hn
(p<0.05), {EHAWKE N 25 mg/mL Al 50 mg/mL i,
FE it 6 RAW264.7 4RI NO WA 2 35 52
(p>0.05). IL-18 & T B4R, Be8leE T 4ii
K EWEAN, ERgf R R EEEH . hE
9 AJ %1, 50 mg/mL F1 100 mg/mL ZHLA1%5 ([ 5 HRZLAH EL,
WERIN T RAW264.7 41531 IL-18 HE (p<0.05),
HAFEERIEBNK R .

20
181 a
16 |
141
12
10
8_

ho

He

How
— o

IL-1B& ik / (pg / mL)

6
4k
2
0

FH L];S 25 50 ICI!O
HWeHE / (mg/mL)
& 9 EEREEEMIELAYIRT RAW264. 7 4350 1L-1 B B9S2
Fig.9 Effect of SGDP on the IL-18 secretion in RAW?264.7
A FEMEATEFARREE>0.05); FEAREF
22 (p<0.05). >
3

ghig 7

LT 4 sory o B Wi s S i) - SR (B SR ER B L
RIS R A AR ERE A o SR T DASR 22 Ay
R A BRI T, I BN 2R SRS ARSI,
RS R ANA IR ARG LA 1:2
(BT RISFIR], BEAE pH 2
A 53.57C 90 min, 5.5, JNfFSN 800 Ulg. 7EiX
Tl Nl ff 2% 015 UK i ARGV B R A AR FE A B
96.61%, rEIA R 391626, FA AL IVARRIERS
AW FORTOCMA S R R A A A T R A T L B
JiEEA, AT ER T EVEZHH RAW264.7,
AP PIVE R S, MR 2 A P TR 1 1l R i A 7 T
FRDENL, UWHERRAREE, NREERR
PETVE B TR [RIR, WA M AR A
F)1.28, HEWEAIMB NO forih 1IL-18 525 A%t
FEAH EL A B3N (p<0.05). 27 b, ARSI LIS &
Ry GhONL 3 S S Ly WA S W= s R P =
E R, BRGS0 13 8 B ok B e s
WN W el S A kS (N L T S

I 1

fittlo

(1

[2]

B3]

(6]

(7]

(8]

9]

[10]

T3 B R A R M)A SRl H AR, 2016

MA Mei-hu. Egg proteins [M]. Beijing: Science Press, 2016
TLGRHR, T, 5 S YO XOEHh 17 AR R
3 I W AR MR F2,2015,56(9): 1498-1499
JIANG Xiao-xiao, YE Yu-feii, ZHANG Hao, et al.
Comperation of 17 kinds of amino acids in égg white and egg

yolk [J]. Journal of Zhejiang Agricultural Seiences, 2015,
56(9): 1498-1499

Xie Hang, Huff Gerry R, Huff William E, . Effects of
ovotransferrin on chicken macr oces and | heterophil-
granulocytes [J]. lopmental & parative Immu-

nology, 2002, 26(9): 805-
Dt AR R T, S, ORALRE AR 1 () S VAT FE T4
[J]. & ST S S TR 2013,34(24):247-250

TANG Qun, XU Ming-sheng, LIN Ri-xin, et al. Evaluation

on immune-enhancement, effect of ovotransterrin [J]. Food
Development, 2013, 34(24): 247-250
Zhang Z, Wang'Y, Zheng F, et al. Ultrasensitive SERS assay

Research

of \lysozyme using a novel and unique four-way helical
junction molecule probe for signal amplification [J].
Chemical Communications, 2015, 51(5): 907-910

R 2 O, X 5 R,V D e P B A S A I D7 VT
HBERE[I]. 7R [ B A 25,201 3,40(8):189-194

LIU Yi-li, DENG Xiao-yu, JIANG Ming-feng. Research
progress on function of non-structural proteins of classical
swine fever virus [J]. China Animal Husbandry & Veterinary
Medicine, 2013, 40(8): 189-194

Liu L, Xu M, Tu Y, et al. Immunomodulatory effect of
protease hydrolysates from ovotransferrin [J]. Food &
Function, 2017, 8(4): 1452-1459

Lozano-Ojalvo D, Molina E, Lopez-Fandifio R. Regulation
of exacerbated immune responses in human peripheral blood
cells by hydrolysed egg white proteins [J]. PloS One, 2016,
11(3): e0151813

Yang X, Foegeding E A. Effects of sucrose on egg white
protein and whey protein isolate foams: factors determining
properties of wet and dry foams (cakes) [J]. Food
Hydrocolloids, 2010, 24(2): 227-238

Huang T, Tu Z, Wang H, et al. Promotion of foam properties
of egg white protein by subcritical water pre-treatment and
Colloids and Surfaces A:

fish scales gelatin [J].

Physicochemical and Engineering Aspects, 2017, 512(1):

135



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.4

[11]

[12]

[13]

[17]

[18]

136

171-177
Wang G, Troendle M, Reitmeier C A, et al. Using modified
soy protein to enhance foaming of egg white protein [J].
Journal of the Science of Food and Agriculture, 2012, 92(10):
2091-2097

Van Den Berg M, Jara F L, Pilosof A M R. Performance of
egg white and hydroxypropylmethylcellulose mixtures on
gelation and foaming [J]. Food Hydrocolloids, 2015, 48: 282-
291

VRIEA, &, S SRIE VI I b i £ £ JBERE I 18 14
2R UR L)) B X 8,2016,38(4):34-37

XU Ya-bin, XU Wei, HUANG Di. Comparison of
improvement effect of egg white solution and egg white
powder on gelling properties of silver carp surimi [J]. China
Poultry, 2016, 38(4): 34-37

Nishanthi M, Chandrapala J, Vasiljevic T. Properties of whey
protein concentrate powders obtained by spray drying of
sweet, salty and acid whey under varying storage conditions
[J]. Journal of Food Engineering, 2017, 214: 137-146

Chen C, Chi Y J, Xu W. Comparisons on the functional
properties and antioxidant activity of spray-dried and
freeze-dried egg white protein hydrolysate [J]. Food and
Bioprocess Technology, 2012, 5(6): 2342-2352
FNBUEL P R R R I 3 TR R TR
VTR Er A ,201439(1:42-47
SUN Yan-jun, LV Jia-ping, LIU Zhen-min. Effe

drying temperature on the functionality of milk
concentrate [J]. Food Science.and Technology, 2014, 39(1):
42-47

Rayo L M, E Carvalho Sarda F A H, et-al. Production of

ﬁ, A AL, I AR 4 6 LR
PR 12 g ) B Tl AH,2016,37(4):283-287

QI Bao-kun, SUI Xiao-nan, WANG Zhong-jiang, et al. Study
on improvement of solubility of soybean milk powder by a
combination of ultrasound and enzymatic hydrolysis
treatment [J]. Science and Technology of Food Industry, 2016,
37(4): 283-287

ye B AL 5 B B AR ) 46 e DhRE/E HI i3 [D]. 2%
2l RAOR,2014

MA Zhi-liang. Enzymatic preparation and funtion
improvement of protein from hot-pressed peanut meal [J].

Taian: Shandong Agricultural University, 2014

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

1= R, B S P 55Tl R A R VA AR P T 5
[T & ARHE#,2016,37(7):23-26

YAN Zhong-xin, JIN Yi-chao. Effect of spray drying
temperature on solubility of yak milk powder [J]. Food
Science, 2016, 37(7): 23-26

Wang B, Li B. Effect of molecular weight on the
transepithelial transport and peptidase degradation of
casein-derived peptides by using caco-2 cell model [J]. Food
Chemistry, 2017, 218: 1-8 | 4

TG, e B A XU R AT B A AT T
FEI] €A T0k,2013,6:1054108

WAN Li-na, XIONG Xing-xing, LUO" Yan;-et.al. Study on
the flavourzyme n hydrolysate [J]. The
Food Industry, 2013,
IR A TS
fRy 5[] ot ] 55,2014,
SUN Lin-zheng,-CHI Yu-jie, WANG Huan, et al. Effect of

o TR AR AR o R AR

condition of spray drying on egg white powder [J]. China
Poultry, 2014, 36(2): 29-33

ZHONG Zhen-sheng, CHEN Yu, WEN Xi-lian. Hydrolysis
of soybean protein isolate by papain and neutral protease [J].
Modern Food Science and Technology, 2009, 25(9):
1039-1042, 1079

Raikos V, Campbell L, Euston S R. Rheology and texture of
hen's egg protein heat-set gels as affected by ph and the
addition of sugar and/or salt [J]. Food Hydrocolloids, 2007,
21(2): 237-244

Horax R, Vallecios M S, Hettiarachchy N, et al. Solubility,
functional properties, ace-i inhibitory and dpph scavenging
activities of alcalase hydrolysed soy protein hydrolysates [J].
International Journal of Food Science & Technology, 2017,
52(1): 196-204

Lee S J, Lim K T. Phytoglycoprotein Inhibits Interleukin-15
and Interleukin-6 via p38 Mitogen-activated Protein Kinase
in lipopolysaccharide-stimulated RAW 264.7 cells [J].
Naunyn-Schmiedeberg’s Archives of Pharmacology, 2008,
377(1): 45-54

Zhang D, Wu M, Guo Y, et al. Purification of lactobacillus
acidophilus surface-layer protein and its immunomodulatory
effects on RAW264. 7 cells [J]. Journal of the Science of
Food and Agriculture, 2017

FEZE H E RIS /N IR MR 4 B ) e R 1



MR EmRHY Modern Food Science and Technology 2018, Vol.34, No.4
FI[D]. TG VLR K H,2008 [30] Malla B, Chang B Y, Kim S B, et al. Potential of the cnidium

CHENG An-wei. Extraction of polysaccharide from monnieri fruits as an immune enhancer in escherichia coli

glycyrrhiza uralensis fish and its immunomodulatory activity infection model [J]. Journal of Pharmacy & Pharmacology,

in mice peritoncal macrophage [D]. Wuxi: Jiangnan 2016, 68(11): 1430-1439
University, 2008

137



