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FE S ORBR X DR 2 5 62 iy A 38 B i AN R 75 15 3 P
FTEEFRSHEM

XNEED #HRE EFE ENR o #P thxi’
(1. JHRGFERFENRH G T REKENIN TS Z2ESTRE T REAEEEN TREARTI G K= mEnT
PRI EEAE R E AR YT 524088; 2. MEVEE WO T OCEER R A LA B R A0 e
KiFETM R I7 KiE 116034; 3. FEKZRHEFR BRI BT L 200092)

BE T W B AKIR X IF Y 42 85 (Trachinotus ovatus) B A4 ¥ B1 8 45 AR By B v DL KR AR 0% 15 Sy 1E 72
FEEERRNWEMN, FREE . X2, BREAFT BREENIFFREITEA KA ok Hix
WAt e AT, DURER R | ARIR BT B A0 72 h A8 RAE AN 547, I bkoR Bk e Z 1K
R R EAELM, FMELE, MAR., AT EEN, EUNEERHAET. EREF,
FE20°CAE, 140V HEE, 4 s LEREAHET, BERKKREERE 72 h F3EFAETE 100%,

PRIE B 1] 4 (165.6442.7) h, £ W FRIRAIE B, & fiF A &% A8 (GOT)E M. # 4 #(GLU)M™
HRE(COR)VEE R FFw , ERTE 4~12h WK G IE % AT FF U B4 48 3 8y ik 7w & & 70 (Hsp70)
GBS B MH KRS B (GST-S)vE M, AFE # 1L A b £ B (CAT) 7 P DA XA BE . LA 5L B (LD)
GERERE, MALTH _BEMDAEEAERE 4~72h W EE KT B AKF, FFEEGLY)SE
BERETHAS, a Pk, MEAMHEEHERELIBTEERE TRAS, 4, MEH&
ETRBERA, EEXXBAMEL, EHHATREEBED, FAREKA, EHFEN T ERE#E
SRS RIR, 1275 Hsp70 ey B3k Ao £, b B B9 75 E DL 1R 08 a8 T & 44 51 B2, D 4R
Wi, EfRiEE 2R EFRRERNRHAT, THRAGEZAIREFHRES &

KR W, wERIK; EREHREL; AR

FESES TS254 XEFRIEES A XEHS  2095-9869(2025)01-0210-12

YN BR 65 (Trachinotus ovatus) XFr 48, BT W, TR AR A RN A 2 AL R e v ) I K SR B
fifi 1 1 49 (Osteichthyes) . #5J H (Perciformes). #%} 38, IR R IR IR B E LSRN, &G
(Carangidae) . #845J& (Trachinotus) (IX X%, 2017), R E4E, 2016), URIEERESTCHLE R . A B0
SRR E ARG . B RSP ORI . BRGEERSEIRE A A, WML . DHA FZEFp

* e =R E GE SR T CHE R C B A B E S T I(2019YFD0901601) . AR Bl 5 N A B Al 5 R 4
(2021A1515110621) WL ATRHZHRI(2021E05017) . [ 7RG K2 BHIE 31 48 97 (06030204210 1) FIELAC A 77 ol 5 AR 7
LI(CARS-49) L [FFE By . XE.S, Email: 13393844889@163.com

@ WBEEE: /0, #4%, Email: xiaoming0502@21cn.com

Wk H #: 2024-03-05, Wtk H #1: 2024-04-03
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ARG TR & 15, — & BB L ] Tl Fa T 4%
ACo M 0L A5 P GRAE 2 45, 2013), BRJE B 6502 —Fp
R Y 2 B I R A 2 R RN B, R AR
R, 45 & B m AU ny N i, FEARIR A 5R
(<13 C)T 5 R HILT-(FRIRAF, 2018), & H AR K izt
PRIE . 35 A7 TR £ 1 3 b DR 1 R B

oK R AE R G s i b 2 2 e R
EH A, WA I E) 32 2R | PRI S R LA
RS S | ORISR K R B R (R A
AR . PRI SE) . R NS AE, HaR
FR A RPN, BT AR RIS
A EEEL, SEmREAR A ARSI RE 7, 52w g 5
(T WSS, 2019), AP LR, ffiGiskmid
T — R A 2 R | 0 B R B S5 7 i R i v a2
M) FE I 2 FLOR B B4 19 7 5% & T (Pirhonen et al,
2003), b RRESILAAAE I 5% B XS, DRI 3B B Y
A — 2 B RZG BRI Py ARER hr, AR VKR
PRI VRN, (HAR BT 5 AT IR IIfL, #E
AP, HERIRE — PPk (e 4 | Bl S s Py 8
PRI =, P04 R AN FH TS Chakraborty 45(2022)
W LB, FL B ARHREE AR 2 5 (8 5 HLAH IS To 25 Wik
M, A AR BRI H T oK 2 %56 5 Faust
E(2017)Ks BRI Yyiz e O G E e
P s B8 ik 4 A1 2 AMRHEEAE | Bouwsema 45(2022)HF 5%
B, dd el U (Salmo salar)%)y a4 45 RIS A
FEA Bk, B AT NEINR S E G s b v
K BEE(2004) (5 FH FE A M B 130 HE #4.(Oreochromis)
gifa, AT LU AT A R

HHr, 7K R sk bmle R, K2
S A7 R B AMIG IR 75 S ORI T, A DG HL 2= AR IR
AR, HE N AT 2R B TE 88 650 58
FR AR WS o AWFFE LB B8 65 50T 42, R
FHMK B f R T =X, DFSRAE A IRl F e | s [)
B T AR 25 W AE AL AR RS, R
AL P R A A5 1, RIS ER 0 B B8 S5 A R0 i ik
i FEEE SR AR, DU HE A i 12
PR A ES AR SRR SR

1 #REFE
11 RS

NS AR A VT T K = % T S W S AT T o
SERE | IRJTE R (490+30) g RUBETG BNIE 6B A% JF L E
TR IR, SEM KA R 20~25, WREN
22~25 C, [AIR AR, 28I RGA 0] i g

WK S5, PRUEARIR % E>7 mg/L.

A BE(GLU) . AR A B (GOT) . A H ks
FHEFEBE(GST) . N (MDA) . FLIR i & B (LDH) .
BEIF(GLY) R ZLER (LD)K M AR &, m st @B T
FERFSE AT i AL E M (CAT) I E IR F &, TLIRE 70
A BE AR R A FRA 5 Rz R (COR)M 5 151
& PUKTEE I (HSP70) BB S e il ml &, b Vi
EYREA A R, aFral, 7R A
Al BRERAR . BRERET, srtral, iR 2 fbaEilia
FROAT]; fimEE, srdral, B REE2ERF A A

1.2 UEE5iE&F

YDMZ-Lab B4 2 (0 S v R 25, i L
50~990 V, iy i A 1~120 Hz, %l 23 25~400 W,
LX) 1 000x400 mm ATYETT, iR AL 5T
fr; ATY 124 B F R, HAGH/AF; Varioskan
Flash 4 A 3h#FR{Y . Forma370 1H1246, 3£ Thermo
73w 5 5810R Al i & ¥ R B0 HL, S5 Eppendorf
ZvH] s HH-S4 B fE oK i 8, B0 1l 1 A FR
NG
1.3 ZWHE

131 A% %% {KHE Chatakondi 55(2019) /9 5L
B0k, HUECR FAR K b ELOEE , H R DX [R5 28 7
120~200 V, £ 20 V A—BRRE, i 454 30 Hz,
Has b 25%, HEEE 6 s, BAERE 3 EM, BE
iy 19 BIEERAS TR (25+1) °C . $RE 23 (Y
KR, HOKEE T2 20 BYZRPF TSR 6 h Jsi . 58
e, Al R A 1 Bl S AR T E e
AN ER TV T TR R AR DS N1 A SRR . N Tl
SR LB R AR ] 0 (AR (9 A7 Sy 230 L ARBIRR | R AR B[]
72 h AENG R DL AR B ] GG I AE, 2022; AR XK AE,
2022; Rous et al, 2015),
132 #HarHE  wmilifB: 2% Henyey %(2002)
Xt J B 65 £f1 (Shortnose  sturgeon) W, 2= PR HIR 55 7 1Y 4
i, B BRIE EE 5 E L B B AT RIS Ao (R
W05 Ag (BRI 2 F .

eI B . AR AR (201 1) X PE A7 ) IE
i3 4)1ffi (Acipenser baerii) 2= KR J5 A [FLR 2 B BOdE
TIA2E, M@ E, SEE ks, XM T
JNEES, AEEASE SRR B, A Ry (KRR
RE)

BHBEL: 7% A 0TS (2022) 0 2 B e 0 B A
(EpinephelusfuscoguttatusQ xE. lanceolatus3) Hi, & I
AR i as , o L85 Al L i N R R J R 0 &
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AL ST B R WS, IR 20 SRR A A
B RE ST I35 Tkl or o s ATFEIBBE, B Ry (R
MR . Ry (AZERET). Ry (RIEETF). Rs (1 8k
BRAT ) FI Ry (IE M), 173K BEAS (8] B S 52 95 i 1]

(GHIRIRAR: 2EUcil)E, BUkE] Ry RHY RS
B G RIRAR, Fe A ()R

A="2%100% (1)
N

AP, 4 FIRIRIRAE(%) s n FoRBEA R I )k
(B): NFRREHSLEBE(R).

1.3.3 FRE & ET & Z/K0R 97 A 48 6 69 /K IR 2L B
5 3 SCIGHFR] R 2023 4F 4 H, SRR R LR

Beit, sk 120, 130, 140, 150, 160, 180 Fi
200 V HL, 7E 20 C/KIR P XTONIE RIS 6 s, HL
KREHHENXTIRA, $Rich 0V, LRI 8 4, 4
4 8 B, LM LIAHRIE . ZHAH ., 72h
FEE 2R ARG B ]

134 FRRAEEH®E, & EFod &R E SIS
5 04 PR AR R R 5 B SEIGIHE] R 2023 4E 6 H ., M
Pt L PR 3R S 6 24 TR0 32 1 X B9 I 65 65 £ T B ] 5 g
2N IR I S b B s R s 0 SO N g L1 e s
JE, R Lo BHIEH R = HE =K FIEL L.
S o 41, A 6 R fm, LA IR A AR IS A A
febr, IERTRBIT LWL 1,

*1 EXLEGT

Tab.l1 Design table of orthogonal test

o L LR H, it P 1] H ol 2
Group Vosl?:gcek/ A% tsi}rlr?ec/l; tempse};;tcukre/ T

1 130 4 18

2 130 6 22

3 130 8 20

4 140 4 22

5 140 6 20

6 140 8 18

7 150 4 20

8 150 6 18

9 150 8 22

1.4 FEEMERXS PR ERE2IB LIS ARAI SN

141 9P &8 8 fdn 7 R LA 4R AL 22 B DR IR 4B 65 43
7, 4 6 B, H 1.3.1 &SRS, L2 Ch
B R K IRFEZE 20 °C, FEHLIE 140 V., BE] 4 s F% 44
FH, BUCEFE 6 h (XTI AR 1 4, AafRIR

Jer S RVBURE AR AR ZH M 55 2 21 5 56 3~7 20 0 i SRR
Wb PR 2 58 AR IREIFAE 20 CF#HTRE , MR
I IAARIC ARG 0, 4, 12, 24 F1 72 h 4.

Z: BN TEAF(2022) ) 1%, FERRAS RAE T Al
B 3 ROWCERES | i ] — M FH i S 2 0 g f R i
Jiitn, R AU I EE R R L, R A
FF—WERME . #8120 min 5, BB O HLER AT O
BEE A 3 500 r/min, 400> 20 min, 433% LY,
PRAET 4 CHEM . RIS FE R VK - BURGZHZY . T LA &
JEERE, T4 00 A BRER K e 50 T W Tk 4y, Ja
FHRCR 206 A —80 C ukAH F7 M
1.42  F54rmlE L% ¥ GOT I LDH % ¥ ,GLU
H1COR &, I 2R 5 FIE P Y CAT Fi GST-S 15 7%,
MDA #1 Hsp70 & &, IFES LA H) LD il GLY &
3R AR S
143 AKRThmaoasnzE  KioEE: 2% GB
5009.3-2016 55—k (LTI 5

MK & 2% GB 5009.4-2016 55— (K
BUIE ;

L &t
R E 5

FHRR I 5 i
M 7E .
144 HERE Jr A D A %P5 8 i Microsoft
Excel 2021, SPSS 26.0 Fl Origin 2017 % {F#E474: 1t
ST S EUS I A, DOV 34 {E bR 1 22 (Mean+SD)
SEIEER B TIEHE R Excel BT, IR
FH SPSS #EAT 5 2238, BRLPR 3R S g A A K Ak dE A
IS B R FH B R 2R 7 25 K 55 (one-way ANOVA), 45
4 Duncan WrES B ENHIH T2 ERE, H
P<0.05 KR 25,

2 ZERE5H5H

2.1 FERERESIPRLERERHY1T A HHE

Fie BRPH A0 A S 40 (7 ) U4, 2011) [B 4R £
(Coreius guichenoti) (RHELESE, 2015) . BRI IH A BE
(0T, 2022) 1 HL 2 R LS 52 95 A i A 71
SE , DA A AR XoF B9 I 5 6% 1) T 1A ) A A s A
N, EARDLEE 2, faabTim A fil il fA R SR A TG
N E AR A, ToOE R 50 BEHEE .

TG, e, iR E s IR T
DURTEOC , AR A A 110 22 S 52 300 s 00 W8 5% A ok Al )

2% GB 5009.5-2016 K FHULICE

%% GB 5009.6-2016 2 [CHlii ks
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Tab.2 Behavior of T. ovatus at different stages of dormancy and resuscitation

43R Stage description

Bt Phase 7 M¥1E Behavioral characteristics

L B B Ao (LAY BEE L TG, RS, MRS AR YA R f e fr i B P LA B e R R
Shock phase o itk AR RE T S BEER, R BUVLA AR DL S R TG
Ay (FLFRIE) B TTAG, AE S, ARE AN [A)F 7 £ 0 B PR LA L 5 [ A R

Ao mditEil, Sk, fEREEEE, JFMBAMIER
ZDiNieE R (8 3 5 11 401) SRR LA, XHREICRN, fEgEAS, mEWAZ, WK,

Resuscitation phase 855 5K A R

WEsis 155, XPANS AR BE T A, P IR, fa S, GG ShRE
71, BT RSN

W AE 5, FEK T ANE T5 1 Bl s, B IR, AR IR,

R, (5E &R EEH)

Ro GERRETHID o e v St
Ry (AT BT . % Lo, L RIS, ol LA B 5)
R, (E M) N e ]

IRZS . L IEE M 15~20 s N, fafkE2eEL, it
MPE MG, XHANF R N, g B AE),
R A Ik, PERE RIS, TR, fEHR
JEALTF 140~200 V B, 5256 738 o Fe o 44 R 8
A BFHIRAIE . HEA RoBF I, sk & MM, A5
JUL DA (B, 13 3t S , ok A S fish il G AT AT 4 A S o
B I AR, SRS TR IR, R4 T, )
R SEZRAE , TFUR X SN R A SR o A 5
B, SR AR IE R, Fah iR B s T LA ATk
BESL, IS IEW A — R SRR G A s, —
S AEAE BN | BIFO IS . Ry, fafE TCANR
A AT N S B IR Br 2 o, (HIE
TIARTRF IR, XTI, R . B S5 250 5 25 oy

16 S /NI R

22 AEBEXMIPEESKRIREHERRE., Fi&
B} 18] B 77 i Y 200

H % 3 AIA, 2 I5ET ] 5 i A B e AR G . 2
H LR R 120 V B, KERZE K 87.5%, HI4-a TG
R ARICRE . BERT 160 V B, LM
72 h AETE I G R, R R AT e A v ) o R 3
I 2 5 HERY B A5 (Veit et al, 2017), ¥ AR 2E
PEZE L (Nabanita et al, 2022) . HL R &4 200 V B,
PRAR RS A] 8 32T, MAEET 180 V 4HH M T 274.3%.

FR A L R LI 25 R FEARIR R 100% &4 1,
B AIER 3 AR FF2 5 130V, 140V,

®3 BRARIWHEFTZITR
Tab.3  One-factor test results design table

it 4 14 52 95 ] Rl TR 72 h A7 5 {5235 0 ]
Electric shock Recovery Anesthesia Behavioral 72 h survival Keep alive
conditions time/s rate/% characteristics rate/% /h
i B 4H - 0.00+0.00° - 62.50+51.75% 89.25+29.78°¢
Control group
120V 226.40+128.59° 87.50+35.36° Ap; A1 Rg; R 100.00+0.00* 137.00+47.62%¢
130V 302.00+53.70° 100.00+0.00* AL Ry 100.00+0.00* 156.00:48.60%¢
140 V 351.00+85.17¢ 100.00+0.00* Ai. Ry 100.00+0.00* 165.25+39.63"
150 vV 379.00+74.36° 100.00+0.00* Ar. Ry 100.00+0.00? 158.00:43.17%
160 V 768.60+215.38° 100.00+0.00* Ar. Ry 100.00+0.00? 127.50+54.14%°
180 V 829.60+405.81° 100.00+0.00? Ai. Ry 75.00+£46.29° 110.50+33.23%¢
200V 3 105.00+538.39% 100.00+0.00* AL Ry 62.50+51.75* 94.00+24.99%¢

Ve A58 EAR AR R R A 3 22 5:(P<0.05), HFRINAARTE R FEME 2R, T,
Note: Different superscripts of the same column of data indicate significant differences (P<0.05), and the same superscript
indicates no significant differences. The same below.
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150 V 3 A TEACSEER
23 EXLWHERSH

M 4 IEAC S 4E T A, 52 PR3 i) 2 3
YR Ay v o5 B [0] > 9 B8 > H e, DR 865 1) e fE L T
SRR ABC,, RIS R 140 V., s B[]
4's. HLEEREE 20 CHY, PRIERTEAS, DIk S0t
A7 B8 IE S 56 iff o e A L o A

*4 EXTHHERIFITR
Tab.4 Design table of orthogonal test results

Z Factors

U= bAaindE]
N;ﬁmt:er HLH 18] Y 3 Kifjillz/ h
Voltage Time Temperature
1 1 1 1 100.75+18.21%
2 1 2 3 84.00+1.15%
3 1 3 2 83.25+2.63%
4 2 1 3 97.13+20.89"
5 2 2 2 122.25+30.20°
6 2 3 1 82.75+2.63%
7 3 1 2 102.63+17.65
8 3 2 1 81.75+1.50"
9 3 3 3 77.50+2.89°
ki 89.33  100.17  88.42
ks 100.71  96.00 102.71
ks 87.29  81.17  86.21
R 13.41  19.00 16.5

W kL HHEREXRARS 1 SRAGEE, k2 HEE
XN RS 2 SKRFNESF- 8, k3 R R XTI ARS 3 KA
Y8, R XA RS k E A ORI E e/ ME, HAUE
KRR T 5% 07 PR R R 45 SR i s AR

Note: k1 is the average of the summation of factor
corresponding label 1, k2 is the average of the summation of
factor corresponding label 2, 43 is the average of the
summation of factor corresponding label 3, and R is the
maximum value minus the minimum value of the
corresponding k value of each column. Its value represents the
influence of the corresponding factor on the result.

AR S0 AF S 56 25 5 D B B2 A3k s [ ) e, 7
AB G, HTHLFE 140 VL B [H] 4 s IR BE 20 CRYSEIET
1A A2 RN ] K (266.6+22.8) s, AT I E] A (165.6+
42.7)h, 72 h fEI5 A5 100%, &R MFER,

2.4 EBEURERXT DR 6E &5 1 75 4 L HE AR B 220
LA (GLU) 2 Sz W f2 A 3 SRR P A 8 b 2 — o £
PARTE =2 B U A A I s AR AR RN, RFREAE T e i
— AR (] 2 2Lk (HPT) A9 R L ) mh a6 A58 S A=
SN, 2 BT A B, R IR ML T 18 ) 7

FESRE X PLI A (Liu et al, 2017; Barton et al, 1991;
Pilinkovskij et al, 2017; Sattari et al, 2009), [Ff}, K
T COR 2 7E fa AR 3z 2 AP a0 PR 2 B K & 8%
Jit(De et al, 2019), SN PEAGTE bR, M
ZFVREE , HPL A2 R iy, o AR
R MR, RS LIRS A R R R
(Wang et al, 2021),

wmE 1 Frs, DR SRR iR IRIRSS , GLU A
COR % & i FHH 5(P<0.05), 7EMRMG R P &5 BT
Ja T RS, ZEHEFERTE 0h FHERm, B4
A3 K 25.1% 5 25.6%(P<0.05), 7E/47% 4 h 5, COR
Ml GLU IR 2= 5 X IR 22 5 A BEKTF, X5H
ZE(2022)11F 5% HL = PR IR ES B M B A7 56 £ 56 7 48 B AR 1k
BRLER—5, B5H 4 h FAEKMEML, L
% 07 384 b [l VR R M, RS R I, HR S X
Z& 1 A FEL o R I 7 ) P 2 S O S
LRI 5 5 B TR 8 5 L o s R 9 7 38R i) o

A 5 i (GOT) 14 4 19 728 1k 2 JH T fig A A f
w AR bRz —, mFLER A B (LDH)) iz 0 h
T2, G0 28RBS S AL PN BR B
U E 2 TR (Yong ef al, 2012), WK 2 Fs,
PR SR 65 25 B SRR IS GOT W6 M i 42 TH(P<0.05),
P95 0 h I I EY GOT TP TF Bk, Ben I
WEEHITN 49.4% (P<0.05), JF TR 12 h YK E £ 1E
WAKE, 7RG 72 h B GOT 3G ME R FTHH W& =
Tt BR4H (P<0.05), i LDH 75 P45 41 18] JC i &1 22
S, X ERIEEAE2015)AF 5T HL A AR BR[04 fo
N AR bR A B AR AR AR, SLER R, faiRTEZ B
FE o Joln e i % AR A T — e g, B Y GOT
BER RN s, JF HLREE PTG B3, fa AR sz KR
SRRV ) BUEE 38 BOCE RS2 460, 8 L X B 68
fi% .00 U LA Ko P B B 04 Bk 38 5% e s, HL G AR e
(Bouwsema et al, 2022),

2.5 RIS VRER YT O 7 8 88 S i3 0 i 5 4R B 52 0

PRTLE 70 (Hsp70) 2 —Ffire THLUh &
VR, nRE S B A R 2 IR A S R S I
L IIKEE AR S S5, IRE AN AT RESS ), BlAK
AR, R RN A R, i
VRt 2K 0 K bR (Fadilah er al, 2022; JEwIfE%:,
2018). A M H RS EE % B Bl (GST-S) AR N A=W 1k
I A Z — ARG, A2 AR 1Al Az aa i &
AL SR EA, FEAE IR B R Gh 26 E
B HALT A, 2023; DFLE 2012),

ME 3 7145, BRIE SE 65 7F H 2 ORI OR 6 2o 78 v i
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ILAE S B
Content of glucose/(mmol/mL)

413 Groups

&1
Fig.1

2500
'8 2000
2
Eﬂglsoo—
&O
5?1000-
g
S soof
0 & A N X > e >
SeES S ¥ 97§ w0
Sl Q§
#H % Groups

P PRI (15 5 R T 8 665 1L 33 v 940 8 4 W (A) 15 B TR (B) 7 1 AR 1K

Changes in GLU (A) and GOR (B) contents in 7. ovatus serum during the process of corona dormancy preservation

HE AN [R5 S0 7 B R R 45 2L I A7 A W35 22 5 (P<0.05), Tl

Different letters indicate significant difference among groups (P<0.05), the same below.

B R A T
Activity of GOT/(U/L)
[=9
(=N
(=N

800 B
T eon |
%%600 . . a . . a .
= A
mg%dmo—
=S
o2
= .2
%2200—

#H %] Groups

& 2

2H 5 Groups

PR PRI (15 5 it P B SR 065 I 3 v 948 R T (A) 45 LR U (B) I T A A2

Fig.2 Changes in GOT (A) and LDH (B) activity in 7. ovatus serum during the process of corona dormancy preservation

I 5 kiZH 41 Hsp70 LM GST-S BejjtiE 3% T
TR R, 7E4E 0 h B FRET A9 Hsp70 2 &0
GST-S i P fcrm, AT BT T 21.1%H
59.2% (P<0.05). MZHZ{H ) GST-S 5 Hsp70 433l 7E
PRIG 0 5 4 h T2 A s, AAT X R BT T
26.4%F1 15.2% (P<0.05), H =8 RKF-7E43 05 it
T AR B T X4 (P<0.05), GST-S §67E5
Hsp70 & & F3E 2 ML B —Fh A IR HLE], 7T LA
AR R JE /D A5 07 95 P 301 55 6 ) A X6 2 2 3 g
M, F5E IR, H o an T BE i Al A A 4] 240
AP, PUARE B Hsp70 FI GST-S DIFRTHH
HAWiBE S5 E e S, FR, BaERIRAESHE
T AT I 558 iy 260 4 it 22 8 70 D% Fa A A L
PR EE (B A5E, 2016, AR, 2021; AR ¥ AR,
2021),

B (MDA) & i 2P0 IR B A Ak 3845, &
S0 40 3L S A R, 3 4R T S (CAT) AT
LB 1 4 R R & 2B AR A A 47, I 4 R/ IN AT AR 3R R
PAOTREE . AT 4 s, BRIE SR A5 H a2 ORAR Ab 3
J5 RIS R4 40 MDA & =784k b Je T e I b
%, For BIAEARIRIE AR IE 0 h 15 55 = 7K 7 (P<0.05)5
JHHE () CAT B PR RSB 3 5 MDA AH1LL, If
FELRTE O h BTG T dm, B R4 BT 62.2%
(P<0.05), #dfize, falRss iy 2RI A B )5 7= A N
Wria , H oA S B 2N R R | A
(MDA =, RIS 300G T HUIAST AL RGifH CAT
B M B (R R AR, 2023; JrAEEHAE, 2023), TG
MLk MDA & it TARTE 4 h J5 B Z 0T Rl (p<
0.05), HJFEHATRERH N CAT KR IRIE BB 654K Y (1)
R, BT S E RN, X 5 2022).
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Tab.5 Effects of electric dormancy on basic nutrients during 7. ovatus survival

HLUK 7Y RIS 7 Ko HEH
N N rude as rude fat oisture content rude protein
(5L B il Crude ash Crude f Moi Crud i
Keepaliveh  MIRAL  Schdl WAl ScRdl x4l 54l R B
Control ~ Experimental Control Experimenta Control Experimenta Control Experimental
group group group 1 group group 1 group group group
0 1.48+0.07*  1.52£0.09" 8.76+0.04" 8.29+0.35" 63.71+0.88" 65.81+£0.85* 21.32+1.42°  20.68+0.97°
24 1.4740.13°  1.48+0.11° 8.35+0.29%® 7.67+0.15° 63.00+1.11* 64.99+1.62° 21.35+0.84* 22.61+0.97°
48 1.40+0.08°  1.43+0.13% 7.45+0.84° 6.63+0.23° 64.85+0.54" 64.71+0.56* 19.92+1.25" 19.89+0.57"
72 1.36£0.04°  1.40+0.03* 5.61+0.45° 6.15+0.26° 63.72+0.85" 64.02+1.93* 18.73+0.62° 18.96+0.27°

TE: AN AR B 3RR 2% LR A 7E 35 22 57 (P<0.05)

Note: Different superscript letters indicate significant difference among groups (P<0.05).

3 ING

3 3 H R AR B 88 65 f A S5 VR I T, T 1S
MAMNHEE 140 V., TR 4 s, HEREE 20 C
i, PRERZRIRE] 100%, KI5 F- ] 2 (266.6+22.8) s,
3 S H B 6] A7(165.6+42.7) h, 72 h AETG %0 100%,
AR I T AR RARIR T2 380 M7 R L
FIFE IR KB, A B 45 AR T ok 2% £ A 17 354 g o A
il e g 07 5 B )BT, U/ A AR 2 I 7 i 05 AR
R, DA A S5 G A B R A 5 AT T

(Jiang et al, 2023), WFFE A B, faiARLEZ 5] MG
A S AR RIZL, L%E GOT i& 1. GLU. COR &
AR TR SRS, LDH W& AR
B3 FFEAGZH 4P B Hsp70 &4+ . GST-S DL AT
IEH CAT 3 A L AR O i Rt v 835 BT, IF
W i B R AR DR A R S I R, i U SR AR
A2 5 I WLFLER & i AE R AR T e
TR, A T R K FEORTE R, X HRZH
LGl 0 R oL Sy KA S AN 3, MR
FIRURLRR 5 7 s e R 5t R Rk 4, oo AR & it



218 ook B

546 &

Wik Ry 3, ELAS 0 IR AR b S 6 4 AR O 37 J i S f
R MUHLIR 7 % i Db

UTARR , AB S R EORA T ARG, (B AR
PR 3 i P TG A AR A7 BRI L R R % R GE A T A )
KA LE S, MR IRIRE AR L@ | (E5EH )

il Eﬁﬂ?%‘{ﬁk%wu?ﬁ&\ijﬁ ARWFFEEE XS 44 Bt
g 77 22 P A 2R YN SR S A T vl S R IR AL B EEJLAIE

ﬂ%iﬁ%%%ﬁ%ﬂ@%ﬁ%g&ﬂﬁﬁiﬂéﬁ LK,
(IR /aRER Y STRC O AR 1S ﬁjﬁ&qﬂ%mﬁ#ﬁﬁ’ﬁ?
J& , Sk BIIE SR 5T E O35 It 108 2o R 103 ) 5 B AR PR A
BLE LA

BAI Z, SHEN J, XU W Q, et al. Effects of electronarcosis on the
behavior and blood biochemical indices of @ Epinephelus
fuscoguttatusx 3 E. lanceolatus. Fishery Modernization,
2022, 49(1): 89-96 [ 0T, P, FRICH, 4. HURRFXTE
TR e B A SR E BRI ARV, 5 LVBAE AR bR RS2 M. ¥l B
R4k, 2022, 49(1): 89-96]

BARTON B A, IWAMA G K. Physiological changes in fish from
stress in aquaculture with emphasis on the response and
effects of corticosteroids. Annual Review of Fish Diseases,
1991, 1: 3-26

BOUWSEMA J A, ELLIS M A, LINES J A, et al. In-water
electric stunning as a humane commercial method for
culling juvenile salmonids. Aquacultural Engineering, 2022,
99: 102286

CHAKRABORTY N, DE A, GHOSH S K, et al. Effect of direct
current electroanaesthesia on Nile tilapia (Oreochromis
niloticus). Applied Biological Research, 2022, 24(2):
149-155

CHATAKONDI N G, KELLY A M. Evaluation of a portable
electrosedation system for anesthetizing mature channel

catfish. North American Journal of Aquaculture, 2019, 81(3):

269-274

DAI Z R, ZHONG Q P, LIN M F, et al. Nutritional component
analysis and quality evaluation of golden pompano. Science
and Technology of Food Industry, 2013, 34(1): 347-350 [3#
R, BORCE, MOETS, 45 BERME IR T 5PN
frih Tolb B, 2013, 34(1): 347-350]

DE F S C, DESCOVI S, et al. Involvement of HPI-axis in
anesthesia with Lippia alba essential oil citral and linalool
chemotypes: Gene expression in the secondary responses in
silver catfish. Fish Physiology and Biochemistry, 2019, 45:
155-166

DING Y T, WANG Z H, WANG L L, ef al. Effect of MS-222 on
survival of bream fish during Anaesthesia transportation.
Fisheries Science, 2019, 38(3): 296-304 [T \Vi%, 112,
EARBK, AF. MS-222 Xl £ RR B R 15 2 HOR 1S

IKPERRFE, 2019, 38(3): 296-304]

DU H, QIN X M, FAN X P, et al. Synergistic effect of CO, and
low water temperature on the anesthesia and survival of
Trachinotus ovat. Journal of Guangdong Ocean University,
2022, 42(1): 35-43 [#tak, Z/hB, JEFEH, 5. CO, P
R A 7K B BRAS PRI DR RCR A5 ) AR R
2FREAR, 2022, 42(1): 35-43]

FADILAH AN, SULMARTIWI L, LUTFIYAH L. Expression of
heat shock protein 70 (hsp70) in liver and kidney organ of
silver rasbora (Rasbora argyrotaenia) exposed by sublethal
organophosphate pesticides. Conference Series: Earth and
Environmental Science. IOP Publishing, 2022, 1036(1):
012007

FAN X P, QIN X M, ZHANG C H, et al. Effects of temperature
on metabolism function and muscle quality of grouper
during process of keeping alive with water. Transactions of
the Chinese Society of Agricultural Engineering, 2018,
34(14): 241-248 [Ju TP, Z/N, FHEME & REXH
KPR A7 BE A5 PR B SR ROk TR,
2018, 34(14): 241-248]

FAN X, QIN X, ZHANG C, et al. Metabolic and anti-oxidative
stress responses to low temperatures during the waterless
preservation of the hybrid grouper (Epinephelus
fuscogutatusQ x Epinephelus lanceolatus3). Aquaculture,
2019, 508: 10-18

FANG J Q, ZHANG M, ZHENG K, et al. Effects of acute
temperature stress on lipid peroxidation and antioxidant
physiological responses of different tissues of razor clam
Sinonovacula constricta. Food and Fermentation Industries,
2023, 49(2): 226-233 [JrAEsR, ki, AP, 55 SRR
I3 ) 4 B8 AN ] 20 2 i o5 S A B e S e A B L P52
W, S KT, 2023, 49(2): 226-233]

FAUST M D, VANDERGOOT C S, HOSTNIK E T, et al. Use of
electricity to sedate lake trout for intracoelomic implantation
of electronic transmitters. North American Journal of
Fisheries Management, 2017, 37(4): 768-777

FENG G P, ZHUANG P, ZHANG L Z, et al. Effects of
electronarcosis on haematological biochemistry of juvenile
Acipenser baerii. Journal of Huazhong Agricultural
University, 2011, 302): 6 [/&) ", B, W2, % B
JRR T %o PO AT 1) S 655 4 1M A= AR B i 52 AR el
Kez2gdig, 2011, 30(2): 6]

FENG X, WANG B, SUN Y X. Research progress on glutathione
S-transferases. Journal of Biology Teaching, 2012, 37(6):
5-6 [10E, TM, IMEE. AN IS R BRI T IE .
i%%ﬁ%, 2012, 37(6): 5-6]

GUAN W L. The development of water-free transportation for
live Litopenaeus vannamei and the biochemical and

muscular stress responses. Doctoral Dissertation of Zhejiang

University, 2021, 53-55 [454ER. 738 AATERICK ARG K

FEAA P T8 O L. IR T I A A 0

jc, 2021, 53-55]



CAR Y

SR A5 - FL S PR BT B8 6% £ A T 3801 (R 335 3 il v 2 8 R I B 2 219

GUO Y H, YUAN J N, KANG LY, et al. The effect of melatonin
on the expression of antioxidant proteins and related genes
in the jejunum of early weaned lambs. Chinese Journal of
Animal Science, 2023, 59(9): 298-304 [RHa4l, J5fEYE,
&z, % REXRYW L= it A A &
MHRFEE TR Z W, 1 EE R RE, 2023, 5909):
298-304]

HAN L N, WANG S H, ZHENG F, et al. Study on processing
technology of Trachinotus ovatus. Food Research and
Development, 2016, 37(5): 202-204 [§ERNE, T 4,
K, A B ERES I TR BRI, B R S IR,
2016, 37(5): 202-204]

HENYEY E, KYNARD B, ZHUANG P. Use of electronarcosis
to immobilize juvenile lake and shortnose sturgeons for
handling and the effects on their behavior. Journal of
Applied Ichthyology, 2002, 18: 502—-504

HUANG X M, HUANG H, QIN X M, et al. Comparison of
survival of hybrid grouper (QEpinephelus fuscoguttatus
x3 Epinephelus lanceolatus) under pure oxygen and
modified atmosphere during waterless live transportation
and elucidation of the underlying mechanism. Food Science,
2022, 43(21): 257-264 [BCHITH, BOA, Z8/W, 45 44
LATEK AT T BRI I A BE #7300 15 00 e S LB
SR, BERRE, 2022, 43(21): 257-264]

JIANG L, TANG J, HUANG B, et al. Effect of vanillin on the
anaesthesia of crucian carp: Effects on physiological and
biochemical indices, pathology, and volatile
components. Foods, 2023, 12(8): 1614

LING C M, ZHI Z P, L1U B, et al. The eftect of periodic electric
shock on the survival rate of tilapia fry. Journal of Zhanjiang
Ocean University, 2004(4): 67-68 [0, REAPE:, XN,
A TR H e X A A R AR R R . BT
KR, 2004(4): 67-68]

LIU B L, JIA R, HUANG B, et al. Interactive effect of ammonia
and crowding stress on ion-regulation and expression of

aroma

immune-related genes in juvenile turbot (Scophthalmus

maximus). Marine and Freshwater Behaviour and
Physiology, 2017, 50(3): 179-194

LUO W, GAO Y, LI W H. Effects of low temperature and
starvation stress, recovery on expression of HSP70 gene in
hybrid tilapia juveniles. Journal of Genomics and Applied
Biology, 2016, 35(10): 26402646 [B 1, =i, 25304
IR . DU Rk 52 % B e B 4y f HSP70 LR &
B . HE A2 5 N H AR Y A=, 2016, 35(10):
2640-2646]

OU Y J, CHEN S X, WANG P F, et al. Study on oxidative stress
response and physiological metabolism related indices of
Trachinotus ovatus under hypoxia stress. South China
Fasheries Science, 2017, 13(3): 120-124 [X X F&, B&iHE,
FMER, S AREIRE T OPIE BR 65 1 A e N 5 A
P S bR OB SE. BT 7K B, 2017, 13(3):
120-124]

PILINKOVSKIJ A, VOSYLIENE M Z, KAZLAUSKIENE N, ef
al. Hematological effects of transportation stress on Atlantic
sturgeon Acipenser oxyrinchus Mitchill L. 1815. Journal of
Applied Ichthyology, 2017, 33: 1021-1023

PIRHONEN J, SCHRECK C B. Effects of anaesthesia with
MS-222, clove oil and CO, on feed intake and plasma
cortisol in steelhead trout
Aquaculture, 2003, 220(1/2/3/4): 507-514

ROUS A M, FORREST A, MCKITTRICK E H, et al.
Orientation and position of fish affects recovery time from

(Oncorhynchus — mykiss).

electrosedation. Transactions of the American Fisheries
Society, 2015, 144(4): 820-828

SATTARI A, MIRZARGAR S S, ABRISHAMIFAR A, et al.
Comparison of electroanesthesia with chemical anesthesia
(MS-222 and clove oil) in rainbow trout (Oncorhynchus
mykiss) using plasma cortisol and glucose responses as
physiological stress indicators. Asian Journal of Animal and
Veterinary Advances, 2009, 4(6): 306-313

VEIT J C, PICCOLO J, FACCO G, et al. Influence of
electronarcosis on behavioral responses, blood markers, and
fillet properties of silver catfish (Rhamdia quelen). Journal of
Aquatic Food Product Technology, 2017, 26(3): 308-324

WANG J, XIONG G, BAI C, et al. Anesthetic efficacy of two
plant phenolics and the physiological response of juvenile
Ictalurus punctatus to simulated transport. Aquaculture,
2021, 538: 736566

WU W J, LIANG X L, CHEN W P, et al. Stress-relieving effect
of basil essential oil on temporarily cultured pearl gentian
grouper (E. fuscoguttatusi @ * E. lanceolatus &) before
transportation. Journal of Guangdong Ocean University,
2023, 43(2): 43-50 [RIHR, R, WMHEE, % Pk
hXE HR SR BRI A BE AR NG AR . T AR
KR, 2023, 43(2): 43-50]

XIONG T, WU Y Y, LIN W L, et al. Study on the technology of
instant seasoning  Trachinotus Science and
Technology of Food Industry, 2018, 39(13): 180186 [REHS,
SeAede, MRi¥y, 55, RIERBROPIBERSS T 2 BORBESE.
B TR, 2018, 39(13): 180-186]

YONG W, HUANG Y, LI X, et al. Changes of AST, ALP, CK
and LDH level in biological injury models caused by 18.4

ovatus.

mm rubber bullet. Journal of Laboratory Medicine, 2012,
33(3)

ZHANG K, ZHOU J Q, FAN X P, et al. Effects of fasting
acclimation on the physiological response to water
preservation of Trachinotus ovatus. Journal of Guangdong
Ocean University, 2022, 42(1): 44-49 [Jkhh, JE45E, 5%
T, A5, ASEE IR ORI SR EEA K O3 A B R 13 P 0
JTARHFE R 274, 2022, 42(1): 44-49]

ZHOU Z W, HU X W, LEI L, et al. Effects of heat stress on
biochemical indices and HSP70 mRNA expression in gibel
carp (Carassius auratus gibelio). Progress in Fishery



220 W B B 546 %

Sciences, 2018, 39(6): 65-71 [JWifh, THEE5E, HK, 4. transportation technology of @ Epinephelus fuscoguttatusx

P IO AR BN A= fL FE AR AT HSP70 mRNA Fik U5, #a & Epinephelus lanceolatus. Master's Thesis of Guangdong

W RLEBERE, 2018, 39(6): 65-71] Ocean University, 2020, 36 [/REZIE. B EREHA B O RIR

ZHU L W, ZHANG C Y, LIU Z, et al. Cloning, expression of PRIGIEERARGE. | AR R A 2= AR L,
hsp70 core cDNA and the effects of heat stress on its tissue 2020, 36]

expression in Pelteobagrus fulvidraco @ x P. vachelli 3. ZHU T B, LI F, WU X B, et al. Effects of electronarcosis on the

Progress in Fishery Sciences, 2021, 42(1): 47-55 AR B, behavior and blood biochemical indices of juvenile Coreius

SREIRH, XU, S5 Ae3c i hsp70 FERL)FFI guichenoti. Sichuan Journal of Zoology, 2015, 34(6):

B ek MR RN T Y URGK. il Rk, 885-888 [IRHEIT, 245K, RXGIT, A5 HIJBRIONS 5 I 4 11

2021, 42(1): 47-55] A AT R S MR AT PR AZE. DY) 30, 2015, 34(6):
ZHU Q FE. Study on low temperature water conservation and 885-888]

(% R HE)

The Effect of Corona Dormancy on the Physiological Stress and
Main Nutritional Componentsin the Transport of
Trachinotus ovatus During Survival
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Abstract The golden pomfret (Trachinotus ovatus) is distributed in tropical and subtropical waters
such as those of the East China Sea, South China Sea, and the Chinese Yellow and Bohai Seas. The
golden pomfret grows rapidly and is the most modernized and intensive marine aquaculture fish in China.
Furthermore, the golden pomfret is also the preferred variety of fish for expanding sea aquaculture spaces.
Presently, the market mainly includes three methods: Freezing, processing, and live sales. If fish can be
processed in multiple ways while maintaining freshness, fresh fish is the best choice. However, the
existing transportation of live fish suffers from various problems such as low survival rate, nutrient loss,
and short transportation time due to stress, hypoxia, and water quality deterioration. 7. ovatus is a warm
temperature-loving, omnivorous migratory fish with high oxygen consumption and vigorous metabolism.
Fishing exerts high stress on the organism, and they easily die in low temperature environments (<13 C).
The difficulty of keeping the fish alive and transporting is also the main reason live fish are difficult to
find in markets. To solve the above problems, chemical anesthesia, physical dormancy, and other methods
are generally used to improve the survival rate of fish and maintain good nutritional quality in the process
of keeping them alive and for transportation. Chemical anesthesia may pose risks of drug residue, and
there are certain restrictions on the drug withdrawal period for the fish to be transported alive. Among the
physical dormancy methods, the ecological ice temperature induced dormancy method is widely used, but
it needs low temperature acclimation before treatment, which consumes long time periods. Therefore, an
efficient, green and safe way of keeping alive transportation technology is particularly urgent, and corona
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dormancy presents an environment friendly, safe, new, and efficient way of physical dormancy that meets
consumer needs, with broad application prospects. Chemical anesthesia and low temperature-induced
dormancy are mostly used in the pretreatment technology of survival and transportation of marine fish,
while the research on corona dormancy technology is less, and the research and application of corona
dormant 7. ovatus have not been reported locally or abroad. In this study, 7. ovatus were placed in an
electric shock box after 6 h of temporary rearing. The 7. ovatus were shocked by pulsed DC currents. The
recovery phase was recorded by stages through behavioral observation. The optimal treatment conditions
of pulsed DC corona dormancy were optimized by using the dormancy rate, dormancy time, 72 h survival
rate and survival time as evaluation indexes through single factor and orthogonal experiments, and the
biochemical parameters of serum, brain tissue, muscle and liver are determined indexes of oxidative stress,
metabolism, and basic nutrients. The results showed that under the conditions of 20 ‘C water temperature,
140 V voltage, and 4 s treatment time, the dormancy rate and 72 h survival rate of fish could reach 100%,
and the survival time was (165.6+42.7) h. After corona dormancy treatment, the contents of glucose
(GLU), glutamic oxaloacetic transaminase (GOT), and cortisol (COR) in fish serum significantly
increased (P<0.05), and return to normal levels within 4—12 hours of survival, indicating that electrical
stimulation can make the life activities of fish become violent, resulting in the rise of stress indicators in a
short time. The content of heat shock protein 70 (Hsp70), glutathione S-transferase (GST-S) activity, and
catalase (CAT) activity in liver and brain tissues significantly increased (P<0.05), while the content of
malondialdehyde (MDA) in brain tissues was significantly decreased compared with that in the control
group within 4-72 hours (P<0.05), indicating that the technology can improve the tolerance of fish to
environmental stress and reduce the degree of brain damage, reduce the lipid peroxidation in the brain and
the accumulation of hydrogen peroxide in the liver, so as to reduce the damage cause by environmental
stress and short-term damage to tissues. The content of liver glycogen (Gly) show a downward trend
during the preservation process, while the content of lactic acid (LD) in liver and muscle increase
significantly (P<0.05), indicating that anaerobic metabolism occurs during the preservation process of
fasting, which consume glycogen and produced lactic acid. Crude ash, protein, and fat in fish meat show a
downward trend during the preservation process, with the crude fat content decreased the most
significantly (P<0.05), and the proportion of decline in the experimental group was reduced compared
with that of the control group. The research shows that the appropriate conditions of pulsed DC can
induce the dormancy of 7. ovatus, and after corona dormancy fish exhibit less stress in the face of external
factors. From the index point of view, the technology can improve the release of Hsp70 and the activity of
antioxidant enzymes to slow the stress response of the fish under survival stress, reduce tissue damage,
and maintain a low metabolic level after survival, reducing the consumption of inorganic matter, fat, and
protein. Thus, the efficiency and quality in the process of keeping alive transportation are improving,
which is convenient for breeding and transportation. Finally, these findings lay a theoretical foundation for
maintaining the vitality and quality of T_ ovatus.
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