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Optimization of extraction process of oyster promyosin
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ABSTRACT: Objective To explore the optimal technology for extraction of oyster tropomyosin. Methods Taking
cultured oyster as raw material, the influences of single factors such as solid-liquid ratio, extraction times, extraction
temperature and pH on the extraction rate of tropomyosin from oyster were investigated, and optimized by orthogonal
experiment. Results On the basis of pH 5.5, the optimal technological parameters for the extraction of oyster
tropomyosin were as follows: The ratio of solid to liquid was 1:2, the extraction times were 6, and the extraction
temperature was 100 °C. At this time, the yield of tropomyosin was 6.53%. Conclusion The optimized method in
this study has greatly improved the extraction rate of tropomyosin from oyster.
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P REE AR, i 5555 IgE 45 6 0 i AT K 41 ¢
B2 P S0 S5 1T 2 A sk AR g Y g s AT S B0
BB RELI | FIRRZ | R L RS SE 2 R B RE AR,
Pl ST G 7 NI ) (1) & SR TR = 8 - A1
B O B AR A A R R AU i
£ 5 W% [} I %2 75 (enzyme-linked immunosorbent assay,
ELISA)FI % E[1 0k 75 (western blot) % 5& & B MLEK 2 11
J2 F SE AR Bh i 1) 258 SN AR I i 5T v 2 )
T S R EIR VA | b T on R TR - SR TN T o A L Uk
¥ (sodium  dodecyl polyacrylamide  gel
electrophoresis, SDS-PAGE) . J& 5 4 Bl o6 /e #r o B kAT
Bsf 8] J5T 1% 9% (matrix-assisted laser desorption/ionization time
of flight mass spectrometry, MALDI-TOF-MS), [ — {4
#(circular dichroism spectrum, CD)ZF5L50 s, Mh &
TR VEREE 11, A S 22 ILER SR 1 AT 5 T B e
AREEWFFEM T oIk

AWFGE L IR W R DF R 4, BRI SR O R UL ER
BRI 4 A SCHE N R ORHR HE L $RIBUIRLEE | SR IR B
pH {H)XF JE LBk R BRI, LA L &,
VIRA Ryt i 7 5 00 5 B0 T, B SOOIl ) B 5% S B —
FE YA

2 MRS

21 XE5IR

Avanti J-26XP 5 B VR 5 DAL (G 1 DL 58 2 PR IR );
HWS BE VR E RS F5 8 (T VLR {28 ); Multiskan FC
RUFEAR AL (FEBR R RIS A R A H]); FE20 pH i+(% I
MR — ¥ORZ4EH); Scientz-11 JoR I RAR(TIH 2 A
B PRAT]); FSH-2A Sl SIR AL B4R A BR AR,
DYY-6C BYHLIKAX LIS — A DR BR A W) o

Tris. 30% Acrylamide. SDS. »l g%k . VU H 2 —
Jl& (tetramethylethylenediamine, TEMED), BSA #rifEfh . %
BT EAEGE vpIR (5>) (A ali, LI REERBCA RAR);
2 D i (S R AR ) TR FRA R, ARWE(T I B AR
3.
22 FWHA
22,1 HAra

FTIW R FRFEAT W 5T | Ve BITTILE Y. D
FLME K HEM ), TR Ak e . T D8 T 0 A 05
HIWE, AT AR, HA-40 CUKFE N TR IRAT
222 AR HI4E

EAAREM A 220 fH BCA & Pk B ik
e, AU R, FRTC I IR 1. g AR AL AE
593 nm MIEKTME FREBBOLEE, 15 H 8 1 BrRts

sulfate

HEMZE, FFERIFRME TR ¥=0.0057X+0.1005 (*=0.9991)

Fz 1 BSAtREEREHIF
Table 1 BSA standard protein matching table

L5 Al A Ay Ay As Ag A Ag
FREEERBEBML 0 2 4 6 8 12 16 20
PBS % #/uL 20 18 16 14 12 8 4 0
BCA TAEW/uL 200 200 200 200 200 200 200 200
BT /ng 0 2 4 6 8 12 16 20

025
020}
015}

X 0.10 4

0.05

0

0 5 lb 1.5 2‘0 2I5
EAG RN
B 1 ArifEfh g E
Fig.l Standard chart

223 RIRRIZLAA

5K 0 U OO g D JULER 25 11 B0 4 B0 5 8 <
SERAE AT 5T . RIE . RMIEE— I A VKIS Tris-HC 28 Ml
— 1 TS SEAAG TR — BU IR, WK B B IR I -1 H)
S B FIEHR— FEVBRE R .
224 RIEAMaikE

()RHA L I i 5

Be ikl pH & 7.5, 20 mmol/L (¥ Tris-HCI Z& Wi, i
il 5 B Tris-HC 28 BRI 4 °C A UKES H 8 Sk IR-AT

A5 BB TG DR BE R, MEBRFRERL S 103 30 g Yt
PREETF 100 mL [BEpRH, FERORIREES 1:1.1:2.1:3, 1:4,
1:5 4B A pH=7.5 BY7K Tris-HC1 Z& i 30.60.90.120.,
150 mL /59345, 35 pH=5.5, ¥ b3k 5 0k s s
BHLHTE | min, 5 10 min, K515 3 92 IR R AN
R, F 100 °C K& HAEINEY 10 min, BUH)ESLEIvKKA
HIZE 4 °C, VHF FREELOHL 9000 r/min B.0» 15 min, &
3R, 42 AT I E R, BRI LR 2R P AR

PR R HE AR RO FE i PBS A TRASLL 0L 2. 4,
8. 10 fEFGRRAL 5 13, 45 20 uL F 96 FLAR BIAE fFL
b, FHRERR AU E JELE 593 nm b G, A R L
BREE AR IR,

Q)P B 4

A BB A TG PR BE F R, MEBRFRER S 103 30 g At
WEET 100 mL MBehier, A 5lHRBHR Ly 11 A
pH=7.5 ) 20 mmol/L Tris-HC1 Z& ' (4 °C)30 mL 7E J R HL
W, VAT pH N 5.5, % L3k 5 0y A Rl S 2R LG R 0.
2.4, 6. 8, FKIAIKE | min, #EETRIARL 20 s, #
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B 10 min, H575 2 AR E AR, T 100 °C K4
HOKIE A 10 min, BURJESTEIOKEHIE 4 °C, R E)GE
FHRHEOHL 9000 r/min B0y 15 min, X 3 K5, &
4 2RI IE W, R R R LR A R

W BRI RIS TR A & P PBS I IRAS DL 0.2, 4.
8. 10 fEH R S 1, 45 hn 20 pL 5| 96 FLAR AR S L
b, FIBEAR AN G FEFE 593 nm AL 9 SGAE, FHEATIE S
BREE M4 IR

(3) B BRI 1y i 4%

W OB (4 55 PR B S R, VEERFRRREL S 03 30 g Ayt
WHEET 100 mL MBedtHr, o5l BBHR LR 1:1 A
pH=7.5 (UK Tris-HCI Z& 1P 30 mL VEAHRIUK, 1877 pH
N 5.50 K5 L3k 5 ByRE S R A AL T 2 R, RRRIAIRE
1 min, #EERHE AR 20 so HHE 10 min, K518
TRABIA/NGERR, 43 31T 20, 40, 60, 80. 100 °C /K¥s5uHh
RN 10 min, BB G BIVOKEEIZE 4 °C, BHIGH
FHT5 3 25.0H1 9000 r/min 2.0 3 K, FHK 15 min, 4 424
AT DRI, B A 4 LER 2 ML

B BUR A R AR i PBS AL 0.2.4,
8. 10 f5HBERL 5 Ur, BN 20 uL F 96 FLAR AIRE S FL
h, FBEAR AN G HEFE 593 nm AL 9SG, HEATIE S
BREE (4R ECE

(GHERRIRA )G pH L+

W O RIRR 055 PR B R, VEERFRRREL S 03 30 g Ayt
WEET 100 mL Mkedrdr, RlHBENRIL Y 11 A
pH=7.5 BJ¥K Tris-HCI1 Z& #h3%i 30 mL VE 3R, KRR
GIFMER pH £V% M 1.5, 3.5, 5.5, 7.5, 9.5, # Eik
5 URE AL R AT LI A 2 Wk, ERIEIRE 1 min, $5F%E
[ERHEIL 20 5. FHE 10 min, KB ASR TR B ANERR,
F 100 °C K8 HH KIS INE 10 min, BURE 7 B vOK S
HIE 4 °C R H) 5 H = 3 2501 9000 r/min 2.0 31K,
X 15 min, £ 4 )22 IREC R, ROt as ek
PR

BN EBGS R B pH AR R 5 PBS A LA O
2. 4. 8. 10 fERBERL S By, B4 20 pL ] 96 FLARAY
FERALAR, JHBEFR OGN E HAE 593 nm A AWOGAE, o4
5 i ULER 2, 1 Y FR IO
225 RHEZFARRFNHE

LR IR o = me v

C: JREREE (W, g/mL;

Ve JENUEREE VAR, mL;

m o FHWER R, .
22,6 RERRILWLE

DUBHREE . SIS E] . SR . RHRIR A pH o 4
AR, BiE 3 AKEHET LoGhIkEk 2), LUFIIER

x100%

B RBOR N EAR, TRIT Tris-HC 22 w4 U 05 S ULk
HEAMEAAET 250

®2 LGHYEXEFKER
Table 2 Ly(3*) Level table for orthogonal factors

A B C D

K FHR L/ FEMUCE RBORE  RRIRA
(mL:g) IR /°C pH
1 1:1 2 100 3.5
2 1:2 4 80 5.5
3 1:3 6 60 7.5

227 D R BB 4N - TR R M B S IK R 9K (sodium
dodecyl sulfate polyacrylamide gel electrophoresis, SDS-
PAGE)

(1) B Fic il

S E %S ik, RAEKIAR SDS-PAGE #HEH
M J R T, 0 S S M S LR B AR R . 49 il
BB A R, AR B Rl % ik W 3.

# 3 SDS-PAGE HKERRELHIF
Table 3 MDS-PAGE electrophoresis gel matching table

| 4B /mL(10%, 10 mL) ARG/l
(5%, 3 mL)
H,0 4.0 2.1
30 YoM M it 3.3 0.5
1.5 mol/L
Tris-HCI (pH8.8) 25 /
1.0 mol/L
Tris-HCI (pH6.8) / 0.38
10% SDS 0.1 0.03
10%:: i iR 0.1 0.03
TEMED 0.004 0.003
(2)il R

Sy EIEH BRER 3 R #%, KO T G 9 43 2 T A
Jeti AR, e R R AR

G)EERR AL B R b

SR ATRETH bR A BT, FH PRI FRUK 18000 r/min E5.0»
20 min. KEEAAERG MHMEOBERL L4RE, B
6 uL FHEbRUES 5 24 uL AR, AR GHIESES
1 min, FFERAA 100 °C /KIEEKIB NI 8 min, H5 oK%
TRAFIY Marker B, 575 BFE. BUBRLTF, B2l s A
HL VKR, KF Marker A BRAT (AR S A8 08 in ik s e AL

DTk, Yefo R i

B E IR ASGRIAY MR TR 120 V, K% 90 min 247, $578
R AR KA B I R 1em &b, HIKZE . HLIKG /N0
VBRI SRS Sy 2, P S se i R250 Yot 6 h )5, H
BEER I €0, A SSd0  EA7 43T .
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3 GREHR 2?
30 HIERANRERRENARERNER i
& 4.5

311 B R MU & R Y =

L 2 T, R LR 1:1~1:3 YE R, JSUNIERZE 1 sl
452 B3 25 A T e 725 K T 52 0 R 1 R U, 15}
1:3~1:4 JEFH AR, BRI BCRME T R, FHRLL 03— :
J1:5 B FRRHR OB TP, IR AR B TR IR

# kel 0, RN A 101 B, JRUIEREE (4R BUR A
P, PRBCRBEHR BRR LRI SRR . FEJSULEREE
FHRGE R h, i 2 ARG T &, 5 (8 s Hh ik E)
AN, ORI S AR, SRBORREAR, HoRk
T HEBEHAR IR BRI, feof B U o 101,
72
621

O\\°5A2—
¥aol
o
Wiol
22+t

12

1:1 ‘ 1:2 I 1:3 I 1:4 I 1:5
BRI H/(mL:g)
B2 ORHB X S LR B SR IR A SE I (n=3)

Fig.2 Effects of feed liquid ratio on extraction rate of tropomyosin (n=3)
3.1.2 RECKHAT RILEE G RIG Tk

Hi1E 3 T, F R ST 0~8 YRZIH], JEILER
EAMSRIBCRSE EIHERER . AR BB (ED 0
W), I IUBRER 1 A SRIBCREAR, T 0~4 YR IR i
AL, S Ud e AR W 5 R OB il A 58 28, — 3 R[]
b, SEREAE R, M RESIRILLIHK 4~8 KIS
PEBCRPRUCN e, TREA G, MoK 4 R,
JEUBR R R BCRIR B i o 18 Y X T 2 K 3R
WO, T DU SR O A5 S o e i, H S 2 UK
FTr AN, IR IR MU R R R E T, SRS
R ik, PRGSO 4 1.
3.1.3 IR RILKE G RIRA# R

TRLBEXT IS LR 2R 1 A S BCCRSZ I T 5] 4, BEAE TR
AT, R LR A R IBOCRZ  E O 5 O B AR
20~40 °C Z [a]i, JILERE F SR IBCR TR a2,
40~60 °C IR FURIE KR ZY, 60~100 °C B, HRICR S Z
PR, PRBCRE AR R AR IREEE S 100 °C. iR
JE ETREE, 537 00z S R W bR, 15 P e
s, A RN, HAE 20~60 °C ZIHIE, TR
M A B2 BRIBIUBR B AR B ), TR S IO B AR
80~100 °C Irf, B i s LERE B Al ik, 5 I&
S G YUBR 405 (R) 8, Rl SR IR BE 1E R 100 °C

3 SRR EON TR NUER AR 1R IO A S (n=3)

Fig.3 Effects of extraction frequency on extraction rate of
tropomyosin (n=3)

8.0
75
S 7.0 b
¥6.51
Z60t
Tsst
5.0
4.5

20 I 40 l 60 l 80 I 100 ‘
SR EPC
4 SRR LR 8 11 SERCE IS (1=3)

Fig.4 Effects of extraction temperature on extraction rate of
tropomyosin (n=3)

3.1.4 #iiRbA /e pH AT RILRE & 34 H R
PRI AR P pH A AR 23 i LR AR 1 B2 ORI 5l
BR, RERRELEHA S EERABIRE 5), HYGRES
Tris-HCl Z AR A S5, pH £ 1.5~5.5 TEEI N A SAf, JR
Bk IR Z W &, 5 pH £ 5.5~7.5 JuFEINZES),
EHRBCRBZI TR, pH 7E 7.5~9.5 B8 R BCRAE (L%
W TP, YRR A PRI A B i = s BT, pH Ol
5.5, Y pH EA R TE A B, (A s e 1%
W) pH # AT RBI LA 1 BT A S 2, (2R 1 R A A,
HAEMRBRaRIE A O T, B s 2 A B 2 R R Lk
EHSMIAFEA, 1 pH 78 5.5~7.5 B, Frig 2l A E ek
SRR =S U e %2 )Y | B g S L Y A LT U S g
B pH %4 5.5,
10.5¢
9.5}
8.5t
7.5+
6.5}
5.5+

45+
35

FEHLH /%

L5 35 55 75 9.5
BRI GpH

5 CRHRIRA G pH X ISUVUERER R BCR A0 (n=3)

Fig.5 Effects of pH on extraction rate of tropomyosin after mixing (n=3)
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32 IEXSR

IEAT R vk Rl T B AT W R, DLIERS R N T A
KLHESL R, BRAEEHAERITT. ELTHBITER
P () SC IS BT TR PR L HESZ 06, AR 43 S2 5 %o 42
Mg AR, AAFRAEGERT, Bl
BEAEZE B KT LI FE ARSI, T4 /MG
VT 0, T AT S b A BRS04 SR AR R HAT AR,
RERE AR SE 4 /R th G Y B A — R Ol . ARSIty
EHEEE . B S IRBURE . BHRIRA)S pH 4 M HRIAE,
T 3 AKOE, KIERRAES )G, 1BE% 4, BHETH 9
TR

R4 EXTHHER
Table 4 Orthogonal test results

K A Rty BRI CHREGE D RHAIR AR
/(V:m) ] /4% JE/°C 4 pH /%
1 1(1:1) 1(2) 1(100) 1(3.5)  5.23+0.34
2 1(1:1) 2(4) 2(80) 2(5.5)  5.71+0.45
3 1(1:1) 3(6) 3(60) 3(7.5)  4.16£0.57
4 2(1:2) 1(2) 2(80) 3(7.5)  3.22+1.01
5 2(1:2) 2(4) 3(60) 1(3.5)  2.64+0.77
6 2(1:2) 3(6) 1(100) 2(5.5)  5.92+0.22
7 3(1:3) 1(2) 3(60) 2(5.5)  1.47£0.93
8 3(1:3) 2(4) 1(100) 3(7.5)  4.59+0.47
9 3(1:3) 3(6) 2(80) 1(3.5)  2.95+0.71
K1 5.03 3.31 5.25 3.61  FENF:
K2 3.93 4.31 3.96 437  C>4>B>D
K3 3.03 4.34 2.76 3.99 AR
R2 2.03 1.04 2.49 0.76  A,BsCiD,

Xof 5 S UBR 2R AR ORI 52, R B IMER IO
PEBCREE | RHR L | SRBOREL . RHRIRA)S pH A 4), 38
FHIFER 8 (BB AL T 245N 4,B5C\D,, B4 5
WUERER FUER BRI LN 1:2, RBOKECH 6 ¥k, $REUEE N
100 °C, BHEIRA)E pH N 5.5, 76 bik 4 R R E &R
HEAT T 3UCPATIRIESS S, R UBR AR TR CE R 6.53%, i
mHE 4 P RE-NAE TR NRECE, 5, BR L 1:2,
B 6 W, HRBGREE 100 °C, FHEIR AR pH=5.5 N fEiR
BT %A
33 EIKEBRSGHIIZR XS

HWih S KB ED . SREED . AEEAS
ZREAP B 6 Hhiy 2 R TAL LI, TTLUHE
HIRAEERZARE N, Lm0 18000 /min B0 3
W, BIR 20 min, HEREEATRIEIERE AL
B L g 7S SR S A T, PR T LT

WK 6 iy 3 PR, JRLERE A Y 2E RS LU 4R T T

kDa 1 2 3

LE

75 —
63 —

48 —

35 JENIERE
25 —
20 —

17 —
11 —

VB 1 ARdESY Mark; 20 U3 30 JRUIBREE A
Kl 6 SDS-PAGE #Ef LTk A
Fig.6 SDS-PAGE gel electrophoresis

ARSI i o B DR SR SRR BT SRR LE | SRR, 4R
T CEHEIR G5 pH ED 85 IS VIR E A5 R A R0, R
OIE A8 S 30 TR A AL A 107 5 UBR B (1 ) B AR SR BT 2 2% A,
SER IR Tris-HCL Ze O ISUTLEREE F AR R2M A0R
HRAE A 2 R A T 20450 AL IS LR 2 P R BORHA L
1:2, $BKECH 6 Yk, $EHGEES 100 °C, FHKIEA G pH
5.5, HEATSLE, DGR AR RN 6.53%. 5
JULER S 1 R SE S8 sl Wy i 2 25 B, DA 05 08 DR L,
Xt IEUUEREE F SR BCT Z A5 004, X ahad S 2 e i
ORI BT TR RAT R

P S

[1] Ak, b EEHEEHURRRIE | A F R GE AL BT S IS 2 T 2
R PEPHERE, 2013, 3): 15.
Anonymous. Many important achievements have been made in the study
of Species, distribution and systematic evolution of oysters in coastal
China [J]. China Sci Technol Inform, 2013, (3): 15.

[2] Mesm, ERBE HUGHE FABEEEERBTRD]. KIS, 2005,
26(6): 39—44.
Teng Y, Wang CL. The study on nutrition and sugar—lowered action of
Crassostrea talienwhanensis [J]. Marine Fish Res, 2005, 26(6): 39—44.

[3] R, FUTE, BOMAME, S5 AURRERRIIXT DFRURECE M
SJCAZREE D] B LA, 2016, 37(2): 347-351.
Xu C, Lu HY, Zhang CH, et al. Effects of enzymatic extractions from
oyster on the learning and memory of senile mice induced by D—gal [J].
Sci Technol Food Ind, 2016, 37(2): 347-351.

(4] W, Wik AL RS RO A PR PR R (). P E AR
24,2015, 17(12): 1345-1349.

Yang Y, Xu B. Research progress on chemical composition of oyster and



8252

B b % 2 R R 2

8%

[10]

(1]

[12]

[13]

[14]

[15]

its biological activity [J]. Mod Chin Med, 2015, 17(12): 1345-1349.

Wt ERHL ALUEIE TR R SR SRR, e, 2006, (2):
31-32.

Teng Y, Wang CL. Nutritional health care and comprehensive utilization of
oysters [J]. Qilu Fish, 2006, (2): 31-32.

Bk, B SERT N B WA R O R B I R BB A
JE[I). hEHEASE, 2016, 25(6): 1081-1083.

Zhao YF, Yang JF. Progress in clinical application of Bupleurum and
oyster keel soup in cardiac diseases [J]. Chin Med Emerg, 2016, 25(6):
1081-1083.

i, Frol, FAET. K i SR R HAE O T R[]
B AR TEAGIN A4, 2014, 5(4): 1033-1038.

Li YC, Wang KC, Wang YL. Research progress allergen of aquatic
product and reducing method [J]. J Food Saf Qual, 2014, 5(4): 1033-1038.
SAGHE . KAR SN A 85 A BT A [D]. dbat: U R R A,
2010.

Wu PP. Research on Zhang Zhongjing's application of oyster [D]. Beijing:
Beijing University of Chinese Medicine, 2010.

Ishikawa M, Shimakura K, Nagashima Y, et al. Isolation and properties of
allergenic proteins in the oyster Crassostrea gigas [J]. Fish Sci, 1997,
63(4): 610-614.

Ishikawa M, Ishida M, Shimakura K, et al. Purification and IgE-binding
epitopes of a major allergen in the gastropod turbo cornutus [J]. Biosci,
Biotechnol Biochem, 1998, 62(7): 1337-1343.

TUUR, BI/NeD, SREIRL, SF. R FESS il URWIY BOHAE I ARG
IR R A L[], IdEARAL AR, 2010, 49(1): 207-210.

Feng HL, Hu XZ, Guo MX, et al. Study on the crustacean food allergens
and its position in entry—exit inspection and quarantine [J]. Hubei Agric
Sci, 2010, 49(1): 207-210.

T, WEIT, BRAR, S HWTEUEER L o) BRI AL B HT
SRR, o E R PAE AR, 2014, 26(4): 307-311.

Long SY, Pan JY, Chen H, et al. Oyster allergenic protein preliminary
separation and enzymatic activity on its antigenicity [J]. Chin J Food Hyg,
2014, 26(4): 307-311.

Davis CM. Food allergies: Clinical manifestations, diagnoses, and,
management [J]. Curr Prob Pediatr Ad, 2009, 39(10): 236-254.

Ai E, Ishizaki S, Shiomi K. Tropomyosins in gastropods and bivalves:
Identification as major allergens and amino acid sequence features [J].
Food Chem, 2009, 114(2): 634-641.

SILE, W], i, S AW R USSR E M RS K
SEN]. PEE SN, 2019, (1): 47-53.

Zhang JT, Li GM, Fang L, er al. Recombinant expression and
identification of the main allergen tropomyosin in oyster [J]. China Food

Addit, 2019, (1): 47-53.

[16]

[17]

[18]

[19]

[20]

[21]

K dh, SRR, XDEHA, SF RS AE LA 2 P AR S R O A
BT[], SEEREHM(A SRR, 2011, 16(2): 81-86.

Zhang LJ, Cai QF, Liu GM, et al. Simulated gastrointestinal digestion of
muscle proteins from crassostrea gigas thunberg [J]. J Jimei Univ (Nat Sci
Ed), 2011, 16(2): 81-86.

W, SR, XN R ORGSR, e R S 2 e 4
SE[I]. BARFSE, 2009, 38(1): 60-62.

Yang R, Wu HQ, Liu ZG. Extraction, isolation and immunological
identification of allergens from Pseudosciaena crocea [J]. J Hyg Res,
2009, 38(1): 60-62.

RIRLL, ERT, AW, & WOPEREEANIRR T RN, &
i TR, 2009, 30(10): 259-261.

Wu XH, Wang ZN, Zhen YM, et al. Study on the extraction technology of
salt—soluble protein from pine nuts [J]. Sci Technol Food Ind, 2009, 30(10):
259-261.

B, F—fk, IRV, &F. “SCRBURVINEE A B alifl K e s
S ET]. RFR S H R, 2017, 38(4): 1-5.

Ma T, Wang YX, Jin ZT, et al. Purification and allergenicity identification
of salmon parvalbumin [J]. Food Res Dev, 2017, 38(4): 1-5.

AL, TREWE, §) . 0TS HAR R f A AL, ER
T RREFESR (A SRRHEIR), 2010, 27(1): 36-38.

Wang YZ, Xing CF, Chang GP. Application and comparison of the
methods of analyzing interaction [J]. J Chongqing Technol Business Univ
(Nat Sci Ed), 2010, 27(1): 36-38.

Kdhh, AR, TR, A5 AT 0 R HIEA AT ).
A5 KT, 2013, 39(9): 195-199.

Zhang JJ, Zhen HN, Zhang CH, et al. The separation and composition of
oyster protein [J]. Food Ferment Ind, 2013, 39(9): 195-199.

GFfERE: £ K

& &

BEE, MTHRE, TERARAEA
EmEIRERLITH.
E-mail: 1145305104@qq.com

B, B, MTESE, EEMR
F a7k A= i LS .

E-mail: yanghua@zwu.edu.cn



