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FHTQOCAH24°C), 2 A BREE /I (MS-222 Ao T )t 1 & K8ey BB R, BIATHH A 5
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1 100mg/L, T T HWmEEREH N 40mg/L. EHAHT, Lk &EHTAE 3min Z AN,
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T | ARG R A A A, DR AE R AR
RIS, B, W) RN EEZE, BAT
W) B T 2 i S RS v Y 2 B B o 8 AR 1) 3 TR
KPIFS . T ARPEERK . TREAL BRI RN IR0 T 45k
ft A= 2, R TR E R R i SR A R A2
Fh (M2 S5 45, 2017).

BRI KR FE TR, B 52 BR BT 5, U
SETEFRIA A P i R O LA T A L B . s .
PRFRIC . A= 9200 F N TR S5 B S5 3 Ve R, fafk
2= AR B4 FLTT 7 A R B0 A0 A BRI N, 45 5 53K
iRz, B BAT, SE M R AR A P R S T K
DIAE RO S0 R0 A= 77 52 BRAIE B, B2 B 7 FH PR
(IS A A = N i 1 AR NSO DIVAT SFa AN s 2P0
iR, RERIER, Tk, BRIz
N TS R FREE A FR R s, o, MS-222
AT A E N AN R N T2 o T A T A 308
SN T A, HAMASAREE, Xk EIE . AT
Fotb A 2= R, T A bR Syt R BRI A AN 5 2Rk Y
Hl(Kang et al, 2005), MS-222 & H A &) 12 . &
LA EAARIIK T BRI, R 2t 38 [ A 2
B HR (FDAY AT K7 BRI, 3 f i 2 AT
BRI S5 i 1) PR 25 4% 15 (Mattson et al, 1989), i Jf]
MS-222 FT A A A BRFER) T 28 0 BRI Y
E NS5 5 A KM B, w80 R 5 fili
(Takifugu obscurus) (FEASSE, 2019), B HEf(Tilapia
mossambicas)(X\| 2 24, 2019)., # B F A (Siganus
oramin)(E HEEREE, 2019) ., JI55(Coilia nasus Y43 %
4, 2016) . KI5 (Micropterus salmoides)(T. L5255,
2018)., 3k (Salmon gairdneri)(ZE 48, 2019), 451
i (Oplegnathus fasciatus) (¥ 85, 2013) . M i
(Oncorhynchus mykiss)(Bowman et al, 2019) . #%ff
(Silurus asotus)(Park, 2019) . H 1 W) &% (Sander
lucioperca)(Rozynski et al, 2019) . i 4 #7 (Perca
flavescens)(Zhai et al, 2018), 72T KA =W FH
B, RKRRAR T 3758 0 28 1Y N i 8 5381 HAT,
] A A/ 1 A LX) B 25 IR AT 5 ) A DGR o AR 23
WWALAFIE MS-222 T &l 2 R A e AR R . A
R 7K I T % 2 SR MR RO (52 e, 5 TE IR 9T B 258
Xof AN [R) SRR S 50) B 4 A A0 A B IO A, S ol 9 A%
(IR T A PR E RS R IS R AR

1 HREE
1.1 SCIgHed
ARSI T 2019 4 8—10 A fEIL T4 Kik

iy

g

%

i AT B ) 58 B o SIEG FH 0 R BOAK 24— | AT f B 1Y)
1 R 460, SEH 4K oR(36.241.3) cm, SFEIAR
41(636.3£90.3) g L FF LAY, LI A T AR 12 m’
ETE K et 2, Kl (17.0£0.5)C, b
FER 31~32, EZFAR, WEAE>6 mg/L, H#K=E
400%LL b, R K L R A AR

SEUS TR MS-222 BRifEAh (SERE 98%) 1T Al
WA F [ 25 8 AR50 A BR A R 3 T & il i
fif R, A FHIHE IR T 0 - 95%IAE=1 : 10 B9 LLBiiR
il TR, FRHAT K.
1.2 BMEMEFAIERSHREHNREREHRTE

%7 Woolsey %5(2004)HfF5T . [RI 285 5 R Ak
P 5 B SRR £ 7 AR, X EE AN RR AR RN 5o R AT
S, RIS 7 WI(A1~AT), KB IR R
6 H(B1~B6)(F 1),

FR4E Marking 25 (1985)AIMFoT 45 5, AW 78 R
P A 00T v FE AR M e R SR80 M 7E 3 min NEEA
FRRRIRSGEE] A6 ). 5 min WEEEHIKEE B6
. g fagE A A7 BIRRERRAS S FRFLE 3 min, SR
JE 5 NI WK I3, BUE 34 100%.

1.3 AEKET MS222 1T & Xt L #R st

FESEHGTFAAET, LR MYLIK 24 ho LR H A
F1300 L MBI SEMR . BRI 20°CH1 24°C,
i AT AR s K L ORS 6 B2 D +1°C), MS-222 VR
FERE K 40, 60, 80, 100 1 120 mg/L, T Fr ik BE#S
JER 20, 40, 60, 80, 100 Fl 120 mg/L . JFREESZE T
URTT, ST 75 0 R TS i R B (20 °C F 24°C)
PR TRE N 2 he RRLIBENLEEN 5 B, T
SEY, U R A RIS O, 4300 sk B fh gk B
AR BEIR AR (A 1~AT ) P B2 0 B[] o PRI ASF 7] DA
SIS A R 2B 4(A1 BDIF IR IR, =
A6 WZEH, KEWBIRD . REFS I SCEef, R 2T
KPR, 43 sk R R Ak B R 2 IR R A
(B1~B6 )i B IR, 52 5 Bsf (1] DA S 56 £ T30 A
KR IFIRTERS, 2 M1T 8 Be WIRARTES
W, ORI,

14 mEHESXESMFERIZERIE

R 1.3 M CIR s R, BERRASHH 300 L 1 ([
TE SRR A SE BG4, FiL il 100 mg/L #Y MS-222 SL56
Y1R1 40 mg/L 19 T &M . LRI LT, FF L8
YL 24 ho TR IR S , 7 20°C Fl 24°CTF X 8 550
HEATIRRES, REMRET | BRI LA ICE 10 B,
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Tab.1 Stages of anesthesia and resuscitation of yellowtail kingfish

BBt Stage AT M45EHE Behavior characteristics

K% Anesthesia Al IEH Wish, #8135 142 3 1E % Normal swimming; opercular movement and normal general movement
JREF Anesthesia A2 Wesh B, A2 A FE1E Swimming speed slowed; rolling from side to side

R Anesthesia A3 RIS or 0k 2, iFsh AN EaE Partial loss of equilibrium; swimming erratic

JRIE Anesthesia A4 55 e KOV, Mok, ISL6E I 5SSk

Complete loss of equilibrium; pectoral fin, pelvic fin and dorsal fin movement stop
R Anesthesia AS AR, BB NIE 512 315 1k Little sedation; anal fin and tail fin movement stop
JBRI¥ Anesthesia A6 SEHEER, U 5532 3l Perfect sedation; only opercular movement

BRI Anesthesia A7 8 75 12 1112 1. Opercular movement ceased

2 75 Recovery Bl #1535 Yk &2 i 5)) Resume opercular movement

& 75 Recovery B2 it & 11 B2 £ %) 1)1, G 12 B)) Preferential movement of pectoral fin and tail fin

& 75 Recovery B3 g | 68 F1EE 12 3 Dorsal fin, pelvic fin and anal fin movement

& 75 Recovery B4 M Fih 3 & 57 FF 4R VR 12 8 Swimming perfectly inside out

& 75 Recovery B5 Wsh At , YK F#F Swimming erratic; redress the balance

& 75 Recovery B6 WEH s, PR S 0 1E % Normal swimming; responsiveness to visual stimuli

R 2 AET &K E KR X 5 5 AR B R (8] 70 & 75 B (8] B 5200
Tab.2 Effects of different clove oil concentrations and water temperatures on anesthetic time
and recovery time of yellowtail kingfish

4 JPRIERT [A] Anesthetic time /s 2 3B [E] Recovery time /s
Dose /(mg-L™") 20°C 24°C 20°C 24°C

20 335+63.2° 269+98.6° 589+129.6° 361+77.9%
40 104+34.6° 102+31.7° 315+88.7% 324+22.6°
60 91+24.2° 79+8.5° 595+72.4° 430+75.7%
80 76+6.1° 74+10.2° 547+71.4° 464+81.4°

100 112+50.9° 74+10.1° 577+86.8° 512430.7°

120 61+15.1° 71+7.4° 709+70.4° 741492.9¢

TE: F—FARR/NG FhERR A R AL 20 2 (0] BA 2 M 22 5 (P<0.05), A
Note: Different lowercase letters in the same column indicate significant differences between different treatment groups
(P<0.05). The same as below

R 3 AR MS-222 iR EAAZKIE X 5 SRR B i (8] 70 2 75 B (8] B9 25 0
Tab.3 Effects of different concentrations of MS-222 and water temperature on anesthetic time
and recovery time of yellowtail kingfish

F JPRIERT [A] Anesthetic time /s 52 93BT ] Recovery time /s
Dose /(mg'L™") 20C 24°C 20°C 24°C
40 - - 112+52.9° 87+5.1°
60 - 616£87.2° 261+34.1° 186+1.4°
80 255+7.1° 284+16.5 153+16.6 286+42.4°
100 152+16.1° 126+2.2° 250+73.3° 211+29.6°
120 139+5.8° 81+2.8° 283+53.9° 361+93.3¢
TE: =7 FORTEMCREERNREE SR T , BRIIRZSIREAE] A6 BB

Note: “~” indicates that the anesthesia cannot reach A6 stage under this concentration and temperature condition
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TR BEALERL 3 252 56 fa E 17 M i VR4, 20 51 R
T GA BT (0 h) SRR 56 A8 TS KR 95 1.2, 6.
12, 24, 48 Fll 72 h REMS, HREMATIKIE 1 min N
PRI 1 mL My, S8R5 R S50 (A o X R
LA TR AL B, HADARAE RSB0 2 . IR AR
TEZ R F# 1k 10 min J5,4°C .4000 r/min 2> 10 min,
PEBUAL T IR A AE-80°C VKA o I3 b e Sl . B b
PR 2R ELISA AN , w2 bR H e ekl e , ik
F G 4 R R A B TR ST B, B E O vk
P WA B U I A AT

15 HIFELIE

SIS R 4 ] Excel 2016 Fl SPSS 24.0 #xf#k
TAbBE . FH B 2 7 22730 Brik (one-way ANOVA)FlI
Duncan 25 5 3 Hr vk X RR B[] . 52 95 B[] AR 5 3
FMH A AT B E AT, 6] — iR 2 FhAS
()3 B2 (20°C R 24°C) 254 IV 10 2% R s 2 /K T
KB REA ¢ ke, FrA 455 LT Y E bR o 2=
(Mean+SD)# /R , it # PE KV P& E 4 0.05, 24 P<0.05
A 25 83 .

2 #R

21 AREKETHREFNBERRENHEHE

2 PR SME T T &Rl MS-222 X 8% Z5 0 Jhk
PR R L6 2 Fng 3. fE/KIR 20CHI 24°CF, T
T EE> 20 mg/L. MS-222 ¥ FE> 80 mg/L I}, 5246
ik A6 B F-2F )< 3 min; T A& IMIREE R 40 mg/L .
MS-222 ¥ JE<120 mg/L I, SE8effiA5] B6 WIRY-F-24
[B]<5 min, 7EZKiE 20°CF, MS-222 #FEEH 120 mg/L
i, SEES ok E] B6 WA AT di< 5 min, BT SEER 4
B SEE0 0 ARG FAE A7 RS N HRFZERREE 3 min,
T8 100%. HI, #fE 2 POk R T &R
PV SR Y B AR VR FE Y R 40 mg/L, MS-222 i B ARk
v B2 4351124 100~120 mg/L (20°C). 100 mg/L (24°C).
[F]— K451 T, BEAE RS RI R BE A 3G hn, S e £
A A6 WIEF 45, MK E 2 Be WIH & 75 i)
K

2.2 AREKBETRREEFIHIZR

] — PR BE 25 1T, /K IR B - v ol S 565 £ 30F
A A6 HIRREECIR A A s ) 45 0, 1 % 42 9 sk (i) 3 4 B
W (R 2 M3 3). 76 2 FORFDKIR T, T A Mk
BER 20 mg/L B, SCEG ik A A6 ] 5 HAh 4%
e 5 S FEAE B 1 25 5 (P<0.05),  Hifth 4% M i 41 2 [
G E 22 5 (P>0.05), i MS-222 4 100 mg/L

1120 mg/L B, SCE M iE A A6 Y IR B] G f 3 1 2
S(P>0.05), 15 HAAWREH > A BEEES
(P<0.05), MS-222 ¥ Ay 40 mg/L i}, LA 7E 2 Fh
K T HANREREA A6 WIRRERIRAE ; MS-222 WRIEEH
60 mg/L Ff, 20°C/KIR T SE50 fa{REIA 3] AS WPIRE,
1M 24°C/KIRSAF T L5 fanT 35 A6 IR

AR T, FREEET ] 5 &2 IR E ] 2 Le bl T 7
TR BE A T R S R R, & 120 me/L MR
K /KIEH 20°C R, T F Mk B4 20 mg/L Fl 40 mg/L
Af 5 H AL W B B 2275 24°CHRF, LA
20 mg/L 5 H A IR B 41 A77F B 35 1 25 5 (P<0.05),
Ho At B 4 22 8] TG I 35 1 25 55 (P>0.05) (] 1) AR
KR, FfiE MS-222 ¥R 3G, RIS 42 95
i ] 2 FE i 5 AR (P<0.05) , MS-222 #& & 7 100 mg/L
H1 120 mg/L B, =3 Z 8] JC W 3Pk 25 5%(P>0.05), 1M
5 A A Ve B 2 3 I 35 1 25 57 (P<0.05)(K] 2).

g 1.0 -
= 09} o
N O 20C
=508 m 24C
T207}
R S 0.6 b
ng(% 05+
gﬁ 041 b
=8 031
%Eo.z- i c? by ¢h
Lol i B WY
20 40 60 80 100 120
T & MiF|&E Clove oil dose/(mg-L™)
3 I O N = B 795 M A N i)
JRR T Fof 18] /52 735 B 1) B

The ratio of anesthetic time/resuscitation time at
different water temperatures and clove oil
concentrations of yellowtail kingfish

AR PR R A BA BEE =S . TR
Different letters indicate significant differences
among groups. The same as below
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Fig.2 The ratio of anesthetic time/resuscitation

time at different water temperatures and MS-222
concentrations of yellowtail kingfish
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2.3 REIZKIR T IR K X AR B 57 B i R

SCIG AT, 20°C X HE 4 S2 08 o 1fn 35 B IR 2R
JK-4(59.17+0.5006) pg/mL, 24°C T % FEZH 1fL 7% 5
JI% 27K -4 (60.36+0.2212) pg/mL., 1£ 2 ik &4
T, 2 MR SE S A AR 1 h s, ITEE L
iR 2K -2 5 2 THE (P<0.05)(B 3A. B; 81 4A. B),
TE 2 PPREESMET, T &R I AL B SE 50 5T 5
Jo, SEEITE R EAR R AKETE 24 hRIE(E, 5
Hifth 4% 2H 141 2% 5 5. (P<0.05)(E 3A. B), MS-222 Jif
Ao BB S G A0 52 95, 20°C R LT B L IR R OK SR AE
24 h KM, 5HALA 41255 B3 (P<0.05)(&] 4A),
24°C T IMLEE EIRFE KPR 12 hakigfl, H5HAb
220 25 5 182 (P<0.05)(K 4B), 7E 2 FHIREE &1 F,
T A MS-222 REFAIE JRALPRAGSEG (A, LT
FRRFKE R4 IR R RER S, H iR AR
TR S AR R K AR B R B, 95 72 h
J& PR A2 B IR ALK LUR (K] 3A. B; K 4A. B).

SEEGTF AT, 20°C R XF BR 2H B 4RI 7 A A K
-2k (40.38+0.4782) mol/L, 24°C T Xof HB 4H IfiL 175 ) 75 ¥
7K (40.45+0.7045) mol/L., 1E 2 FhIEE R, 2 Ak
M) b A SEE A0 8 TR 1 h e, I A KT

—
W
(=]

=~ A 20T
»gn 110} b
g% 1 ¢ d g g ¢
=1 [~
HE [ e RER W
& sol B H 2B B
£ == 10N
& 30 2 Il 2
XE 0 1 2 6 12 24 48 72
Control B} JE] Time/h
80
~ lc 201C
5 70+
#E eof b 8
%\% 50 # 5 d
S ¢ ? g ? dOE P ¢
AR R
30 A oHoEOE OB OB @
X 0 1 2 6 12 24 48 72
Control fif[E] Time/h
11000 -
E 20°C
%, 9000
oy c £ b b
i S 7000 d 7 A
2 £ 15 0.
£ sooo-E g ? ? g /A
3000 A4 A H B E
W O 1 2 6 12 24 48 T2
Control i [E] Time/h
3

T+ (P<0.05)(Kl 3C. D; K 4C. D). 20C&MFT,
T AR SRt R IR 1~6 h N, LT A AT K
IR g, B TE W 2 R (P>0.05)(E 3C); T
MS-222 FEBEE G 6 h, LT 20 KT WA AL
(B 4C) 24 CHKAMET, T & MREY 25 0 5 955
2 h, 75 A KRR (& 3D); M MS-222 iR
JiJE 6 h, IV A A KRR (& 4D) . 7E 2 PR EE
ZMF, T AR AN MS-222 PR AL B Y S50 £ B S
ML AR K AE 24 h Sk, 5 HA04 4 22 5
i 25 (P<0.05), I3 2K 258 LR N RERE
B, L TR B A EL I IR R 21 S 56 il Y e A KT
THHe . TR, EI5 72 h J5 B S 5% IR 2H K -
IR (® 3C. D; Kl 4C. D).

SCETFUR T, 20°C T X HR 2 B AR ML 375 i S st /K
K (4566.40+32.6385) ng/L, 24°C T % BELH Il 74 Kz o
fis 7K -4 (5492.79+27.5517) ng/L, 2 MEET, 2 ff
JERIR AL BEAY SIS 90 1 h I, I3 B2 RO 3%
FHE(P<0.05)(El 3E, F; K 4E, F). 20C&MHTF, T
FMRBEAY SR 5 I0)F 6 h, LT R SR K - 1k £ 0
{EL(&] 3E); 1M MS-222 JBRFEIL I35 6~12 h, IMILTF B JBiP
IKFMEA A, 25 24 h 5 kBN (8] 4E), 24°C

_130f
7 B 24°C
2 110t a
: d b ;
@5 %0r £ # ?
52 ‘A NN N
wE e £ BB % 7
=L n B HEHH B
gsorp B OHOEHOHHOH S
LA HHYH Y B
xtlg 0 1 2 6 12 24 48 72
Control Ff ] Time/h
80 .
—~ D 24°C
Lo70f
5 60f b
e ¢ .5 f 0
&g 0 1| HoH e s
8 IS < B = < (< B
SMEIIEAE
ol BB OHHEHHH P
S 0 1 2 6 12 24 48 T2
Control fi5f1E] Time/h
11000 .
%, 9000 - . 2
B2 ol d :
wwld 4404010450
Xt 0 1 2 6 12 24 48 72
Control fifE] Time/h

ATRRLEE T R 2RI P 2

Fig.3 Changes of serum hormone levels in yellowtail kingfish after clove oil treatment under different temperatures
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gggi 9000 |- . a El 9000 | . b a
[ i c T d
5‘:;’ 7000 | e ¢ E Es;* 7000 £ ¢ ? ?, g ? e
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st 0 1 2 6 12 24 48 T2 i 0 1 2 6 12 24 48 72
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Fig.4 Changes of serum hormone levels of yellowtail kingfish after MS-222 treatment under different temperatures

ST, T A MR S8 052 IR0 12 h, I3 BT
15 7K S 3 B W (18] 3F) 5 11 MS-222 BRI 75 )7 24 h,
LY B o P K35 B e (L (151 4F) o 7 2 Rt BE 251 T
TR MS-222 R RN A BS S5 f0 LT K
BT 55 B TR R R RS, LR B 20 b i
JE 4 S0 0 I B RO BT R R, R
72 h JE IR B B KLU (B 3EL F; |81 4E. F),

3 e
TR 570 B9 7 SR B A0 R B S R

JRR PR B9 = AR 2 0 ) A M B I g R K e
R0, MR AR = A — g B RRIEAE T, 7 T X 7 5
IRBE e (0 A0t B AR A A R 3R Ry, s 3 AR AR
PYEH (Devi et al, 2019), RIIL, BRI A9 B B2
M) £ 25 () PR PSSR, VR EE S AR A RPN SRR, Wk
JE 3k v W 25 5 5 25 fa R 27 3] A B a0 45 5, L B ARG
BT PR, FEXT A TR ] 4 A = 4 i R
WS TR 25 25500 £, 3 )RR TR B8 A ) 1 A 7 4
1E, e B IR iE 12 i /F FH (Chanseau er al, 2002).

AWFREE R DR, MS-222 FlT 7 %) i 45
FLAT B ORISR, Bt 2 FlpR 59 o B8 A 384

3.1

B SR A PR B () (R 22 4 i R e, i AR ) [ S A 2
FER ., X 5 XV G-l (Sebastes  schlegeli) (e fik
4%, 2010) . RS (Hexagrammos otakii)(HH A& SC5,
2017). it (Park, 2019)5EMBF5E 4518 —3 . A5
GEREW, TRIMWE AN 20 mg/L LU L, scugady
REfZIE A A6 WIRRIOIR A, {0 20 mg/L T Fr i pREEAL
BRI S G 0 2 T3 1A, v RE S S A A ) A 3
ARZ A AT DL K A R S B ARR S i) 3 A
Ko 20C MR, MS-222 ¥R 40 mg/L il 60 mg/L
B, SCHG A TCTE IR B A6 HHRRERIR A 7 24 CHRAF T,
¥ 40 mg/L LHAFEDEA A6 WIRRERIR S, Ik, %
AN T R RS 1) R 0 RIS, 07 306 260 B %) PR PRI B
JRR IS (1] FHRR TS K I o 7K 2350 R 20°C RN 24 C R,
MS-222 X} i A5 BRR I Y R 32 43591 24 100~120 mg/L Fil
100 mg/L, T FIMHE N 40 mg/L, AR ATFE 3 min
ZWARE, HAE S min ZWE IR, ATLLEHAGE hiE
H A ORI B

3.2 KB X SR B SR A RN

IR Tk 2 5 W R e 7R %o 1 28 JRR I S8R 1 SC B P
Z—, BEEKIRBIT R, AAHTRICn e, R
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Anesthetic Effect of MS-222 and Clove Oil on Yellowtail Kingfish

WANG Weixin'?, CUI Aijunz, XU Yongjiang2®, LI Haining3, LIU Xuezhou?,
WANG Bin?, JIANG Yan®, LIU Xinfu?

(1. School of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China,
2. Joint Laboratory for Deep Blue Fishery Engineering of Pilot National Laboratory for Marine Science and Technology
(Qingdao), Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao, Shandong 266071, China,
3. College of Life Science, Northeast Forestry University, Harbin, Heilongjiang 150040, China)

Abstract Yellowtail kingfish Seriola aureovittata is a globally distributed, circumtropical pelagic
fish of importance in both commercial fisheries and aquaculture. It swims fast and has fierce behavior
under artificial culture conditions. To develop a suitable manipulation technique with low stress for yellow
tail kingfish, the anesthetizing effects of two anesthetics, MS-222 and clove oil, on one-year-old
yellowtail kingfish under different temperature conditions (20°C and 24°C) were studied. The optimal
anesthesia times, recovery times, and anesthesia dosages of the two anesthetics were determined based on
the discrimination of swimming behavior and investigation of serum hormones levels, including cortisol,
adrenaline, and glucose. According to the behavioral characteristic changes of the yellowtail kingfish
during anesthesia and recovery, the anesthesia process was divided into seven stages, whereas the
recovery process was divided into six stages. The results showed that the optimal concentrations for
MS-222 for anesthetizing yellowtail kingfish were 100~120 mg/L and 100 mg/L at water temperatures of
20°C and 24°C, respectively. For clove oil, the optimal concentration for anesthetizing yellowtail kingfish
was 40 mg/L at both temperatures. All the experimental yellowtail kingfish were anaesthetized within
three minutes and recovered within five minutes. By increasing the anesthetic concentration, the time for
the yellowtail kingfish to enter anesthesia was reduced and the recovery time prolonged. The increase in
water temperature reduced the time to enter anesthesia, but had no obvious effect on the recovery time.
When anesthetized with 40 mg/L clove oil at 20°C and 24°C, serum cortisol significantly peaked at 6 h
and 12 h, respectively (P<0.05). At 24°C, the serum adrenaline level significantly peaked at 12 h (P<0.05)
in yellowtail kingfish anesthetized with 100 mg/L of MS-222. The levels of serum adrenaline, glucose,
and cortisol in the other experimental groups all significantly peaked after 24 h (P<0.05) in fish
anesthetized using both anesthetics. Under the two temperature conditions, the two anesthetics caused the
three serum hormone levels to all decrease significantly (P<0.05) to low levels that were lower than the
initial levels after 72 h of recovery, indicating that yellowtail kingfish could be physiologically adaptive to
the optimal treatment methods of clove oil and MS-222 under different temperatures. The results from the
present study provide theoretical and technical support for the development of standard experimental and
farming management technology for yellowtail kingfish.
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