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Screening and Compounding of Bio-preservatives for Frozen Conditioned Crayfish
SUN Yingjie!2,SUN Rongxue?, WANG Cheng?, MA Yanhong'-?, XIONG Lingming?, LIU Qianyuan?,
JIANG Ning'2*
(1. School of Food and Biological Engineering, Jiangsu University , Zhenjiang 212013, Jiangsu , China;
2. Agricultural Products Processing Research Institute, Jiangsu Academy of Agricultural Science, Nanjing
210014, Jiangsu , China)

Abstract: Oxidation and microbial activities cause quality deterioration of frozen conditioned crayfish during
storage. The in vitro antibacterial and antioxidant tests were carried out to screen three bio-preservatives (poly-
lysine hydrochloride, tea polyphenols, and rosemary extract) out from seven conventional bio-preservatives for
compounding. Single factor tests were carried out to determine the optimal concentrations of the three bio-
preservatives, and then Box-Behnken design was employed to determine the optimal combination with total
volatile basic nitrogen and thiobarbituric acid reactive substances as the response values. The optimal combina-
tion was determined as 0.20 g/L polylysine hydrochloride, 0.23 g/L. rosemary extract, and 0.20 g/L tea polyphe-
nols. The results showed that the complex bio-preservative had antibacterial and antioxidant effects on frozen
conditioned crayfish and significantly slowed down the oxidation of lipids and proteins at —18 “C.
Key words: complex bio-preservative ; frozen conditioned crayfish ; formula optimization ; antibacterial activity;

antioxidant activity
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1.3.4  HREZRAE

PRVEEETG AR TCER B H R /IN 5] (18+2) ¢ R/
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1% (PL.RE . TP) , &b 320 W) AS 745 AT AT A= 400 £ B 551
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I VLA FACE L Z B2 (thiobarbituric acid-reactive
substances, TBARS) {H N 48 #5 , ¥ I 7 % = &% GB
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Table 1 Coded levels for factors in Box-Behnken design

AP A BEERRIE R, B AR CH L
W/ (g/L) I/ (g/1) Wi/ (g/L)
-1 0.15 0.150 0.15
0 0.20 0.225 0.20
1 0.25 0.300 0.25

1.4 A URVAER/N g BRI 5EEY) (B R AL 5 AR I
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Fig.1 Different bio-preservative of DPPH - radical scavenging rate
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Fig.2 Different bio-preservative of ABTS* radical scavenging rate
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M 3 al L, 2R 2 BT R AL BE T BGR THE
ARG o TR R 4 R BCRAT SRR AR ,
PUAALRE S XIBEAR I TR MG 5 . BB SR Sk ik
R BPURALRE I 225 AR, His it i 0.5 g/L
I 33K W6 BT ARG RE T S/ o 2 A A A B I
Pras i /NT 1.0 o/L i, S BT ARRE Ty B s in B4
T R 55

g5 Lk, 25 22 B Mk B R U e IR T iR At
VUSRS, DPPH A i 2EIE PRAE T (ABTS H i %
TBERAES) RITAALRE DL T I e A W IR0 . DA,
PRI ol A ) R SRV S SRR R T S A R
i 51 A ST
2.2 IWERE S E SR

B — PR E R X JE W A FUES RGO JE AR
W32,

I3 2 AL, Y FLRR BEER B AR N N AR T 4.00 /L

B-REFNERFLRANNHEER

Table 2 Diameter of inhibition zone of preservatives against Shewanella putrefaciens

T 1B H A2 /mm

S T T ) FREW WA W

4.00 13.91+0.19* 10.22+0.26° 10.60+0.23° 11.00+0.17¢ - - -
2.00 12.36+0.22" 10.36+0.33 9.94+0.31" 10.45+0.10 - - -
1.00 10.85+0.36¢ 10.03+0.12¢# 8.63+0.29¢ 10.43+0.25" - - -
0.50 - - - - - - -
0.25 - - - - - - -

e —FORCE W AR R RS RING PR R R 22 5 3, P<0.05,

B, FEX B A LI AR R B AR T2Z R TBARS {HAYR0 .

B, DRI A g 40 90 2 15 20 DR 26 K0 5 RO R Wb R .

RTINS 4.00 g/L i, HADEE B2 A 13.91 mm, .

AT JUE A MR R) /N I SRR 15 0 1 0 75 =

PG AR K A BT R . TR i TR =

R R IR AR IO T I A L T 20 L0 o O 2ot e

YRAII B | M 72 B et R TR 2 2 ) 2k = hLol0eL

S LI T 75471404 S 0 R o s o8 BEIRED

75 DU IR B AU , 00 B A IE 3 2 A T 30y kB IE T - ~<-PL 030 g/1.

SR AR 8 SR B ROR . 45 A 04L. : : .

POAMR LS T 2R 2 Wy 2k T IR ] 5 B R 0 ;mw 10 15

ERRRER VAT BB AL, T T K A R R EL /N S R AR
208
23 HNERRALE

N R B R AL By, T AR
o S AL SR AL A7 40 R, HL A i T AR L L 2 R
HFER . AP OREERE 5 8 A e B b =R 1 4
JRE T S A MBS A IRk B SR RN 1 E T
DRI, 36 F TBARS {ELAE kA W AR S 550 4 VR VR B/ N e
BRI AR AR 50 B4 0 2 HE R o

P 4 R RTR] PL AR T I 56 300 6] ¥4 v 3 R/ N g

Bl 4 AFE PL RS R E/N R R TBARS EHI M0
Fig.4 Effect of different concentrations of polylysine

hydrochloride on TBARS value of crayfish during storage

P 4 AT PR 15 K, 4588 4 TBARS {63
ICTF X B 2H (1.733+0.142) mg MDA/kg. 76 AH ] 0098
8]~ , TBARS fH R PL 78I (38 i b, 2 314
JH PR/ e AR AL R S PL VS In & R EARDG, 1
TINEH 0.25 /L 5 0.30 g/L 22 5 A B &, DA ik 4%
PL ZH4E 0.15.0.20.,0.25 g/L SEATH S DAL IRER .
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Fig.5 Effects of different concentrations of tea polyphenols on

TBARS value of crayfish during storage

P &l 5 AT, BE YR ) A9 4 K, TBARS {ELZ T
HEN , {HZAR ) 4D BRS04 R JH BN SR TBARS (H
GRZAIET CK 4o 3% AT BB i T AN RN 17 18 ™ A 1)
H R TP R AL A SR F K, A A a2
W, B 2] MDA A 24, TP BNk 0.30 /L A,
INTEHRIE G5 15 K MDA & &%, g
0.1 g/L B AR AE FH A 0 HBOCR ISR T 0.15 o/L, R fift
W] J87 1T 3% S S IOk o, 6 FH 015 o/L AE 9 TP BN
AR, TP BANEE K 0.3 o/L B A i 1Y 48 22 i
AR B i T I B S R IR I 0.3 ¢/L,
L, 2565 B b 2 A A 77 IOAS 5 16, 43 TP BN it
0.15.0.20.,0.25 /L #E47 0 pi7 1A AL IR
ANTF] RE W5 Jn a8 %8 0856 49 6] /N J R TBARS {H 1)
2 UL 6.
- CK
—-RE0.10 g/L
2.0 -+ RE0.15 g/L
- RE 0.20 g/L.

—o-RE 0.25 g/L
~—RE 0.30 g/L

1.6

1.2
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Fig.6 Effects of different concentrations of rosemary extract on

TBARS value of crayfish during storage
1181 6 AT A1, RE A8 B 4 Ul 22 /) e U i 199 i)
TBARS fH A3 . RE it 4 0.10 ¢/L B}, TBARS
ERE TN 0.15 /L ARFEA], AT HERE RE AN

AR, HV ORI gt i rh SR Al B e o WS n
0.3 g/L B}, TBARS {H AR, X A g2 H T RE T A1
HRIEFTR | R SR S B TR R AR B R AN I
ST RE T AE A AR o R R ik A R O
PRI 0.150.,0.225.0.300 /L #4700 )37 1 pi Ak 156
2.4 ey VA AG ORI A2 EE HE
2.4.1 WA AR 5 Mk
PR Z RIS A LA T SR E PL OIS TP A3

% RE #fni: K 2, L) TBARS {8 . TVB-N {8 M 1,

AT =R =K i A A, e 25 5 an e 3,

£3 WEERREHTRER

Table 3 Response surface design and results

A RBEIR B EEF C IR W

“g SR IR (T:g'jllgoﬁg (Eg?vﬁfﬁ’ :
w/(g/l)  w/(gl)  (g/l) ° °
1 0.15 0.150 0.20 7.400 0.796
2 0.25 0.150 0.20 7.279 0.732
3 0.15 0.300 0.20 7.101 0.779
4 0.25 0.300 0.20 6.420 0.677
5 0.15 0.225 0.15 6.933 0.716
6 0.25 0.225 0.15 6.275 0.651
7 0.15 0.225 0.25 6.351 0.684
8 0.25 0.225 0.25 6.301 0.532
9 0.20 0.150 0.15 6.102 0.573
10 0.20 0.300 0.15 5.430 0.452
11 0.20 0.150 0.25 5.719 0.480
12 0.20 0.300 0.25 5.290 0.467
13 0.20 0.225 0.20 5.266 0.382
14 0.20 0.225 0.20 5.256 0.366
15 0.20 0.225 0.20 5.275 0.391
16 0.20 0.225 0.20 5.133 0.371
17 0.20 0.225 0.20 5.183 0.352
2.4.2 M N [ EE R T S I S R

fdi ] Design-Expert V8 e+ M /F x4 3 thiy
R EE Rt ik W mE LG, #5311 TVB-N
{8 (Y,) F1 TBARS E.(Y,)%f PL(A) .RE(B) .TP(C)Hy —
JCZ R A 97 #2453 9N ¥,=5.22-0.188 84-0.282 5B—
0.1349C-0.139 84B+0.152 0AC+0.060 7BC+1.334%+
0.499 0B2-0.086 3C?; Y,=0.372 4-0.056 94-0.035 0B—
0.028 6€+0.035 0AB-0.021 84C+0.027 0BC+0.274 942+
0.122 2B*-0.001 6C2,

DA TVB-N (A1 TBARS {8 Ay Wi 37 1 14 W 37 11 52
RERIZE R L3R 4,

f 2 4 Al 20, DL TVB-N {8 A i o7 {5 I 1245 80 55
TVB-N fH ] i 2 o6 R 3%, B8] 5 (P<0.000 1) .
[RIE, TVB-N BB F {E 2k 0.146 6, P {H>h 0.926 7
(P>0.05) , BRI BB JC 520 0 IR ZE RN, X TVB-
NAEBERL) FAESEATHE T 7T 0, 45 P 8 700 % 4 VR o B
I BRI e s B FR S IR S RE(B)>PL(A)>TP(C) .
DL TBARS {0 N B B, iZ AL L 5 TBARS {H 4] 1 28
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Table 4 Model and regression coefficient significance test /én
- TVB-N {f _ TBARS {H _ éﬂ
F{i P BFMH FMEH PH BEK =
Y 45935 <0.000 1 ** 16891 <0.0001 #* =
" ~m
A@iiﬁé?&g 117.29 <0.0001 ** 71.37 <0.000 1 % =
B Eﬁﬁgﬁx 262.53 <0.0001 2270 0.0020  *
CRZIBASINE: 59.84  0.0001  #* 22779 0.0012  * Oéc '
AB 32.14  0.0008 141 02745 4
AC 37.99  0.0005 737 00300 @ *
BC 6.06 0.0433 = 935 0.0184  *
A2 3056.03<0.000 1 ** 1127.76 <0.0001 **
B 431.02 <0.0001 **  187.89 <0.0001 **
c? 12.90 0.0088 0.76  0.4112
ES 0.1466 0.9267 595  0.0588

T BRI R, P<0.05 5 R WA .3, P<0.01,

P56 R (P<0.000 1) o [FJI, TBARS 74 2 D55
F AN 5.95,P {59 0.058 8 (P>0.05) , 5 W 1§ 4
T T (5 T AT 728 B AR G , WP T I e
o 4 U 9 B/ TBARS A7 i B UM . ol
F B AT, 45 S5 551 6F v 5 U8 B /N BRI e 1k A
TBARS {HHS W N PL(A)>TP(C)>RE(B) . % I
AT51,A.B.C.AB AC .A? B2 .C2 %} TVB-N {H 1 5 Wi b
%, RV PL 5 RETP Z IS AE % . 4.B.C.
A2 B2 %} TBARS {E I 2.3 ,AC .BC % TBARS {&
S %, %W PL AT TP RE A1 TP 7640 TBARS
AT HAE R
243 W E T

3D P EOULHD WL R X4 PRI A

TVB-N {/(mg/100 g)

TBARS {f/[mg MDA/kg)]
(=]
W

r/NJEER TVB-N {8 . TBARS {H AT IR . 4553 4 023
AL, BATVB-N 9 B PL 5 RE,PL 55 TP &1 2 .%’3-2&.10917 ol 0
{3 ; L TBARS S0 B0, PL 55 TP RE 15 TP g 015015 017 00 S

ZISZ AR o 3 Pl A W R 50 S e 2 ] A

. = 0.
R HAERILIE 7. E;
= 0.
=
a0 0.
o £
§ m 0.
?ﬂ wn
\E/ E 0.
= = 0.
=z
[=a]
=
£ 0.25
’ 0.30
C’ .
7; . 0.27
p@ 021 024

7 BEEXEERE

Fig.7 Effects of factor interactions on the quality of crayfish

during storage
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25 W) 1 TET 43 BT A B, A2 A DR 5 e AR R i S
PL0.207 g/L.,RE0.237 g/I..TP0.205 g/L, It 2 14 T It ik
15 d J& , & ZR A BN IR TVB-N {5 TBARS {H43 71 K
5.133 mg/100 g #1 0.352 mg MDA/kg., % [& 52 FRifE
PRI SR B 1E R R SR ER R EL N N 0.20 ¢/L K
WERBWIR NG 0.23 o/L K ZHBRINE 0.20 o/L, It
FAE T AT 3 WOPAT IR /N R AR R 15 d S5 AR

TVB - N {8 & (5.258+0.289) mg/100g, TBARS fH Jy
(0.409+0.035)mg MDA/kg, 5 HIS(ETCIA i 25 5, LA
AR L]
2.5 R URVEHELIN g R ) AL FE bR

A [0 TS0 75 1 0 e A AR ) DR R TR N i T
XoF V4 VR ] B/ N s S O 0 ) LAk B AR A T D A, 4
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Table 5 Validation tests
- E=E| IR H

T TVB-N {8/ TBARS fii/ W B TVB-N {8/ TBARS i/ W B
(mg/100 g) (mg MDA/kg) [lg(CFU/g)] (mg/100 g) (mg MDA/kg) [lg(CFU/g)]
0 5.036+0.783¢ 0.322+0.026" 3.014+0.081* 4.911+0.609 0.317+0.040° 2.871+0.968
15 6.103+0.507" 0.425+0.040" 3.258+0.396* 5.258+0.489" 0.409+0.035" 2.963+0.315¢
30 7.358+0.904 0.535+0.073¢ 3.560+1.022" 6.093+1.020° 0.458+0.061° 2.579+0.156
60 8.903+0.329¢ 0.669+0.065¢ 3.750+0.732" 7.187+0.539¢ 0.602+0.076¢ 3.280+0.777¢

T : RIS [ P R 3R 28 5 .35 (P<0.05)

TV B-N {H 2 W00 A il 5 ek R 4% 2 0 1) o 22 4
PRz — 5 PN VR I M A P A A 2 T A OGS, ik
A TVB-N {H 1 /NT 20 mg/100 g, Fifi 25 5 46 28 1) R R
HAES BN, R 5 alm, & ALYttt b 2
/N BRI 60 d J5 TVB-N {E34 % 7.187 mg/100 g,
B2 AR 19%, RVIE G A Py IR BE 8022 1 26 11 i
R . XD 25 55 T RE R th T & A4 W PR fef ) )
21 A AR R 11 ATV Y, Y AR R R/ g R O
i 60 d 7, 25 L2 A A ) O &5 7] 240 TBARS B 53514
0.669 mg MDA/kg Fi1 0.602 mg MDA/kg, i T-HE &L
PR A 590 2 A7 7 T IR 8 T 25 ) I P 5 R Ak R e A
1) At R T T A AL M BEAT T MDA 7=
AR PR E T T B R SR e R
F2%, T RE A i TG 1 R R AEER A W, VR A 5
AR RHUE Y AE RS . /NIRRT 60 d Ji5 , A=W IR fif
FIAbFEZH TBARS {H . TVB-N 1 & BB MK T 25 A
A, F IR A A P PR 50 AT A — R S S 1]
YA VR VR BN R S0P S Ry AR 1 Bl ELAS S

AR o

3 it

AT 5% 308 2o AR AT S A 1 6 0 B 3 6 O o
PL.RE.TP 3 Fh A7 R 454 PR bt 04k 0 P 1 A 9 12
S 8 2k B DR 3R e B S DR B R A A VS S L )
JH ) 7 TV 2 AR A DR ) P i AR S £ Sy SR
R R LGS iR 0.20 /L, 2K 1 A 2 U O I i
0.23 g/L 25 Z By IR IR 0.20 o/L. XF 52 4 A Wy 44 e 5]
FIVERRCR I TN , BIE & AW R R BEAE —
TR R ST ) 70N M 3 3 R 1 S A S R AN W A K
TE B35 £ i b O ) TR B, Rk T S B A e el i Hp L —
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R o

Sk

(1] Ak, sKHEEE, 224050, 45 AN [ b DR FH /N D R 0 78 5 Ot o L
WL ZERFST, 2021, 35(12): 7-12.

YANG Bing, ZHANG Yanling, JIANG Shaotong, et al. Compara-
tive study on nutritional quality of rice-field male crayfishes from
different areas[]J]. Meat Research, 2021, 35(12): 7-12.

(2] A, WM, B 55 L E/ NIRRT R R BRI R R
R £ TAlkBHYE, 2022, 43(8): 463-470.

LI Chujun, TU Zongcai, WEN Pingwei, et al. Present situation and
future development trend of crayfish processing in ChinalJ]. Sci-
ence and Technology of Food Industry, 2022, 43(8): 463-470.

(3] ATWe, WLLH, skFrER, 45 . 3R 5 [RS8 A5 4304 5 %
JEXSHERIUIL VLI AO R, 2021, 49(19): 241-246.

REN Ni, DAI Hongjun, ZHANG Chengcheng, et al. Investigation
and analysis of China’s crayfish industry and suggestions for devel-
opment[J]. Jiangsu Agricultural Sciences, 2021, 49(19): 241-246.

[4] JIA G L, CHEN Y M, SUN A D, et al. Control of ice crystal nucle-
ation and growth during the food freezing process|J]. Comprehen-
sive Reviews in Food Science and Food Safety, 2022, 21(3): 2433-
2454.

(5] BB, WA K, R, 55 | AW PREETE K PR EE i 1
(7. i R BERHE, 2018, 54(3): 4-8.

SHAN Ke, GUO Quanyou, JIANG Chaojun, et al. The application
of biopreservatives in preservation of aquatic products[J]. Food and
Fermentation Sciences & Technology, 2018, 54(3): 4-8.

[6] LIQY,ZHOU W X, ZHANG ] Y, et al. Synergistic effects of &-
polylysine hydrochloride and Gallic acid on Shewanella putrefa-
ciens and quality of refrigerated sea bass fillets[J]. Food Control,
2022, 139: 109070.

(71 XISCHE, IR, R0, & - RO R R TR kX < 4 R
ANIEER A BREESCRAFTEL]. R R, 2021, 46(8): 12-16.

LIU Wenhao, XU Xiaoyun, WU Ting, et al. Effect of &-polylysine
hydrochloride on preservation of ready-to-eat crayfish by modified

atmosphere packaging[J]. China Condiment, 2021, 46(8): 12-16.



RRAKAR

RatRSHR

202443 A
BAsEEH

135 —

(8]

(91

[10]

[11]

=
&

[16]

[17]

TIEEE, ARuk, ZgiE, 5 L R/ N IR A G AR DR R A O
Rﬁ@#xﬁ%ﬁﬁﬁu 1. LTk, 2017(3): 24-32.
YU Xiaohui, LIN Lin, JIANG Shaotong, et al. Study on the optimi-
zation and preservation effect of the compounded biological preser-
vatives of instant crayfish[J]. Meat Industry, 2017(3): 24-32.
QIU L Q, ZHANG M, CHITRAKAR B, et al. Effects of nanoemul-
sion-based chicken bone gelatin-chitosan coatings with cinnamon
essential oil and rosemary extract on the storage quality of ready-to-
eat chicken patties|J]. Food Packaging and Shelf Life, 2022, 34:
100933.
XIONG Y, CHEN M, WARNER R D, et al. Incorporating nisin and
grape seed extract in chitosan-gelatine edible coating and its effect
on cold storage of fresh pork[J]. Food Control, 2020, 110: 107018.
SUN K K, WANG S L, GE Q F, et al. Antimicrobial and preserva-
tive effects of the combinations of nisin, tea polyphenols, rosemary
extract, and chitosan on pasteurized chicken sausagelJ]. Journal of
Food Protection, 2021, 84(2): 233-239.
LG, e O3, MRS, A L A S R A T L2
BT B ARSI %, 2022, 43(7): 82-88.
MA Jian, LU Gaoyong, CHEN Zhiling, et al. Optimization of enzy-
matic preparation technology for bayberry juice production[J]. Food
Research and Development, 2022, 43(7): 82-88.
FENG L, TANG N C, LIU R J, et al. Effects of different processing
methods on bioactive substances and antioxidation properties of Ly-
cium barbarum (goji berry) from China[J]. Food Bioscience, 2021,
42:101048.
TIAN L, FU J P, WU M, et al. Evaluation of Gallic acid on mem-
brane damage of Yersinia enterocolitica and its application as a food
preservative in pork[J]. International Journal of Food Microbiology,
2022, 374: 109720.
A N RSE R E K DA R AT ZE S B2 EE
P £ S R INFRAE AE: GB 2760—2014(S). JLAT: h E fRifE
Hikett, 2015.
National Health Commission of the People’s Republic of China. Na-
tional Food Safety Standard Food Additive Usage Standard: GB
2760—2014[S]. Beijing: Standards Press of China, 2015.
PR ANRIEMEER TAM AT RS ST eEK
R B S Y T EE AU SE : GB 5009.181—2016[S]. JL T
PRUEH AL, 2017.
National Health Commission of the People’s Republic of China. De-
termination of propyl dialdehyde in lard: GB 5009.181—2016[S].
Beijing: Standards Press of China, 2017.
A NRILFIEE R DA AT R RS BT amE
B B 4 2 PE R R SR I 52 - GB 5009.228—2016]S]. -k

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

AU P EARAE T RRAT, 2017

National Health Commission of the People’s Republic of China.
Method for analysis of hygienic standard of fish and other aquatic
products: GB 5009.228—2016[S]. Beijing: Standards Press of
China, 2017.

A TR RETE R, HEEMA M TSR . &
i 22 A T G bR B AR W e R I T TR S B E - GB
4789.2—2016[S]. dtst: T EBRHEH AL, 2017

National Health Commission of the People’s Republic of China, Na-
tional Medical Products Administration. National food safety stan-
dard Food microbiological examination Aerobic plate count: GB
4789.2—2016[S]. Beijing: Standards Press of China, 2017.

GAO X Q, XIA LY, FAN Y Q, et al. Evaluation of coloration, ni-
trite residue and antioxidant capacity of theaflavins, tea polyphe-
nols in cured sausage[J]. Meat Science, 2022, 192: 108877.
WA, R, AL A PR IR E A R
FERE T BWFSELI]. rh DR IR 274, 2013, 28(4): 58-61, 128.

GU Shaobin, WU Ying, DONG Hongmin, et al. Study on the anti-
oxidant and free radical scavenging ability of apple polypbenol[J].
Journal of the Chinese Cereals and Oils Association, 2013, 28(4):
58-61, 128.

GIRI L, BELWAL T, BAHUKHANDI A, et al. Oxidative DNA
damage protective activity and antioxidant potential of Ashtvarga
species growing in the Indian Himalayan Region[J]. Industrial
Crops and Products, 2017, 102: 173-179.

ZEB A. Concept, mechanism, and applications of phenolic antioxi-
dants in foods[J]. Journal of Food Biochemistry, 2020, 44(9): e13394.
CHOULJENKO A, CHOTIKO A, BONILLA F, et al. Effects of
vacuum tumbling with chitosan nanoparticles on the quality charac-
teristics of cryogenically frozen shrimp[J]. LWT-Food Science and
Technology, 2017, 75: 114-123.

BERGE, R B, BB, A 2R 2y A By SO DU B AR
FREPEAN BT A2 AL . £, 2022, 43(18): 83-89.

FAN Fengjiao, XIE Hongkai, LUO Xieqi, et al. Effects of different
treatments of tea polyphenols on oxidation stability and shelf life of
dried scallop[J]. Food Science, 2022, 43(18): 83-89.

DU HY, LIU C, UNSALAN O, et al. Development and character-
ization of fish myofibrillar protein/chitosan/rosemary extract com-
posite edible films and the improvement of lipid oxidation stability
during the grass carp fillets storage[J]. International Journal of Bio-
logical Macromolecules, 2021, 184: 463-475.

FERE KR
I #5 B #5:2023-02-15



