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Physiological and Biochemical Response of Blood on Low Temperature Stress in Sevenband Grouper,
Epinephelus septemfasciatus by Jong Youn Park, Jae Min Park', Chang Gi Hong’, Kyong Min Kim*> and Jae
Kwon Cho* (Aquaculture Management Division, Aquaculture Research Institute, NIFS, Busan 46083, Korea; 'Gyeong-
sangbuk-Do Native Fish Business Center, Uiseong 37366, Korea; *Southwest Sea Fisheries Research Institute, NIFS, Yeosu
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ABSTRACT

This study was conducted to investigate the physiological responses of sevenband

grouper, Epinephelus septemfasciatus at low temperature condition in winter season. Water temper-
ature was dropped from 12°C to 5°C by two different interval (interval I: —1°C/24 h and interval lI:
—1°C/8 h). The experimental fishes were exposed for 9 days at each water temperature condition,
and were observed survival rate. The blood sample was collected from fishes for analysis of cortisol,
glucose, total protein (TP), and electrolytes (Na*, CI-, K*). Mortality of fish was not observed until 5°C.
The mortality (12 individuals) began after 170 h and all fish were death after 174 h in interval | case,
whereas the mortality (9 individuals) began after 72 h and all fish were death after 76 h in interval Il
case. Little different was observed in the physiological responses, but trend was similar between
two intervals. The physiological metabolism of plasma cortisol and glucose were increased rapidly,
and swimming ability and respiration response was faster at 7°C. This result means that the critical
temperature of sevenband grouper was 7°C at low water temperature condition.
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Weld o)z FAT A~ w3, 4% Asks BE o
Fu| A2 FAF Q] &4do] At (Hur and Habibi, 2007;
Kang et al., 2007).

Se W3] G2 ofRo] Aestd AEds We AR
= A7 A5 o] o] 8 9Jth(Adam, 1990; Santos and
Pacheco, 1996; Cataldi et al., 1998). o] 7} tjZEH o0& A}
|5 e AE AR = @ ¥ Z (plasma cortisol) I 2F
3.2 (plasma glucose) 2, Cortisol-2> o] %7} F2 3t 37 Hslo]
EEHUS o TSt 1A Hhgor e T2
(Specker et al., 1989; Perry and Reid, 1993), GLU+= Cortisol
of goz Qs wulgo] ke 27 W3] o3 Holg
(Davis and Parker, 1990; Barton and Iwama, 1991). =L 2]o] |
W 8 RAE IRt olvA] A4 #HE 25 TP (total

protein), 7F 7]°5A) tAFE A2 ALT (alanine aminotransferase),
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AST (aspartate aminotransferase) @ 32 (Na*,K*,CINH= &
T LEHA ARE o &EIL Qe AR EEA Utk (Davis
and Parker, 1990).

SA 0, Epinephelus septemfasciatus= $-2|Ur2t Gaj| gtk
AZE, 3 9 YR Aol AT Qe olFE, P2 3}
18 $HOR D71 BoE o] AHOE Fad
fAAEo=2 &#A Utk (Song er al., 2008; Kim et al., 2012).
22 UM e 40 KH‘“*iEU‘g” 71&o] ol
w2t B77HA]7F FolAl= olF 5 shutoltt. viE|dto] It
AFE2LE SA4]0o]9o] HANYET] ?91 A+ (Kim et al., 1997), Z7]
MIZA} (Park et al., 2014), 22 Feitd (Park et al., 2015), &
9y gl o9 JR O] FJEE(Cho et al., 2015), HiTH-E= (Hong
et al.,2015), Bul2] o A<t A3 (Lee er al., 1998), AFu}e]
9] WEAY (Yang et al., 2007), 81| 9] A&} v M2 (Kim et
al., 2012) 59 A7} QAT A Fd 2ol 3
A7 gtk 40l ofEiA ol fE ASE 7R
oA AA FAo] dagt BE EA digt ¢ = Hell
w3k A7 w9 Sasieh B3 2T SvEtelA 401
WFFEAYLE 71€o] Sl et ASE dFdAS g
22| Aol Aladt AAolth

2 dFolxe HF LRI SRS R R4
Ue TAE deE, ALE 7R FAHA
AARQ HFSA T HALY AdFEE g A stetA
S-S 2AMSto] Ap AEH 2o gt AR A wA
o NzAEE B3] Slste] Susreh
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Ao AHEE FAole AebaE oAl ARz AAE
A7 (5x5x5m)oll A 20129 7ol QAZLAEk] AL
Sd ugoj2 FF HAF 194+0.60cm, B 5F 1746+
1080 golth BEE AF 9 ABEA Lo R ARG A=
Zz} 200k, s0mH) 2 & 17 AP AR R 140ut o] o,
28FE.S Flo] & 240ulE]E Ao AFLFIETH Aol o
4= oo RS Lo0] 12°CE 3H43E A 1Y 28U L 7%
o2 AY Al A7HA 4L YS| EHIZ (Co. I1-Jin, E-Plus,
Korea)Z AHg-3to] 12°CE §A|5tH &2 A7 T AMg5tiTh

—1°C/8hn) o2 TEEPN F AFPT BEF 12°CE Pz

4°C74A| A HTh Oﬂ-ﬁ_'— TL 324~33.1%0 (B4 32.8%
0.12%0), ¥ &4+4% (DO)L 7.5~92 ppme A5t 2+ A
FTte F22ERAE ol &5t 22 YA RAIsH
A (19 531 e 2 9Uzt Aajstn Attt F 8719
1E &% X (Poly propylen, ® 1.0mxH 1.2m)oA AH&E
AE 4 2 AREAE 47 =25 Flsto] 28HE A E
< Asttt. 7 =2 A7 Aol Sube] x 29 (n=
10/group) 2. 2 29| &3] Y4 B4 o] &3t

b el 1°C HUSE NN F2 AN shercil
A 7 BEEE A Auol) A4 Ade 4
Aato} ol A7t ZHE Ay
FA g At

o] 1°CH a7k Al sk A2’ FAL7] (1 mL)
sho] wpF glo] 14 oo AFe|o mEFHozR
= st HE8E Aol EEY JE,z
%OP = AE AR B JEH= AS R R
P @R °J“ 2] (12,000 rpm, 5&)3te] @S F23H5 2
™, alanine aminotransferase (ALT), aspartate aminotransferase
(AST), glucose (GLU), total protein (TP) & Cortisol %4 A]7}
A =70°Co| A HEstch £4] 5o ot 248 kit £2F
o|=F AMgste AE AE}sl H497] (FUJI DRI-CHEM 3500i
Co. Fujifilm, Japan)2 ZA3}9 1, @3 cortisol cortisol EIA
kit (Oxford, USA)E AME-3o] 8 4HIE A (enzyme immuno-
assay, ELA)S.2 =743} 1 inter-assay coefficients of vari-
ation (CV) ¥ intra-assay CV+= 22} 12.8% 2 9.5%°] 31T}

5. A=A

2 AYolA Lol 2 A ysetA HAF & A= o
g FASA 242 SPSS SAZ=IH (ver. 17.0)& AH8-3t

o] one way-ANOVA testS 3t Duncan’s multiple range test

2 gy 7He 59488 A5 TP <0.05).
A i)
1. MZ8
Exp. [9]A &, A¢ AJZF & AR £.290] 6.0°C7F 449 144
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Fig. 1. Survival rate of sevenband grouper in Exp.I(— 1°C/24 hr) and
Exp. I (—1°C/8 hr) decreased temperatural conditions.

AZI7HA] &g Ma7h BEEA] gt ARs20] 5°C
2 31748t T 2A17F AT Al (170A]7H) A2 L2 60.8%S LHE}
WAL, SAIZE 3 Al (173A1Zh o= 30.2%7F BESHASH 6A]
7B F(174AZholl= A7t AFe] HASHAT Exp.
AL A A 3 50°CE 31747 (7247 BES
< 56.6%F YEMRAL, 2417 B3 Al (T4X7HFH BEEC]
403%% F43| #ashion 4A2F A3t F (76417 A9
o7} A FAlsF AT (Fig. 1).

2. AST & ALT &4

gl ndsd Y28 G Holel 1 158
AL A AQ] AST (aspartate transamlnoferase)g} ALT (alanine
transaminoferase)?] B4 ZAFSE 231} ASTY Hx= 12°C
g 2TE= 40.64+10.67 u/LE YEFH ARG, Exp. 9] F$
42.72+14.55~64.20+ 14 24 u/L, Exp. [1¥] 3% 47.44+29.50
~67.35£1005uw/LE AAFE SAHY Zol= AUTH ALT
9] Fx9 12°C | 2F& 749+ 1.15u/LE YERN AR, Exp.
1739 751+£2.15~939+1.61u/L, Exp. I1¢] F$ 7.34+1.13
~11.61£485w/LE AFETE FAHY o= AUt (Fig.
2).

3.

FEZ9 12°C RTL 78.64+1.05ng/mLE Ve O™,
Exp. 19] 7% 11°CHH 453t7] A&t 7°Col| 118.19+
17.55 ng/mL°§ 7P =2 S UEhgen, 50 103.88+
579 ng/mLE 7FA3d= ZgFo] vrebdth, dizel v msle
11°CHE APFR 5°C7HA] FoF o2 #2 e Uey
ot Exp. 119 A% 11°CEE A43te] 6°Co) 145.43+5.73
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Fig. 2. Changes of AST and ALT in plasma of cultured sevenband

grouper in Exp. I (—1°C/24 hr) and Exp. II (—1°C/8 hr) decreased
temperatural conditions.

ng/mLOE 7} £& ZHS eyt on, 5°Co| 133.27+6.55
ng/mLE ZASHFAT 2FET foFos 2 g
ERi it £3] 8AI7E AL =2 SHAIR Exp. I 24417 2H
Ao g2 AR Exp. 12t Aoz B & g2 e
AH(P<0.05). 8% FEIAAY 12°C hRTLE 63.97+£9.97
mg/dLo] = YEREIL, Exp. 19] ¢ 11°CHE s3]
A&ste] 5°Co] 117.57+20.75 mg/dLE 7FY &2 ZHS UE
Wlem, Exp. 9] -9 A53t7] Al&Fste] 7°Cef 130.33+
1834 mg/dLZ 7} =2 ZHe Uehfglon, 5°C 122.83+
948 mg/dLE tf2FHETH §5HA w2 FE UE A
Exp. 11¢] 7% Exp. 18] AEtt foHoz 2 & Ue
WRATHP<0.05). ¥t STl o] gz 2= 5254036
mg/mLg 2, Exp. 18] -9 11°CHE ZHaste] 5°C9| 3.07
+1.76 mg/mLOZ t2FHT Fof5HA @2 s UEhld
ou, Exp. 12| % 6°Col| 2.55+1.36 mg/mLE 74 @& 2t
S Uefglen, 52Col| 3.90+1.95 mg/mL 2R} &9
A W2 gHE UEh lot(Fig. 3,P<0.05).



200
O Exp.1 c
195 | ™ Exp.1I
. be ab ab
190 | ab ab S be
3 ab ab
= 185+ ab e
53]
é . ab
= 180} 7 a
<
Z
175 +
170 -
165 .
12°C  11°C  10°C  9°C 8°C 7°C 6°C 5°C
Water temperature (°C)
4.50
O Exp.1 ¢
4.00 | m Exp. 11 R c
C
3.50 | be be be
be ab
3.00 ab ab ab
) :; a
3 250+ 72
&3]
E
200
M
1.50 -
1.00 -
0.50 |
0.00 -
12°C  11°C  10°C  9°C 8°C 7°C 6°C 5°C
Water temperature (°C)
205
O Exp.1 ab a b
200 | mm Exp. 11 a
ab a a ab

4 uEEY.GmEl. £37) . 4FY . A0
160
O Exp. 1 d
140 || mm Exp. 11 ¢
c c
€
120
3 b d cd
100 F be b
go E a b a
2 80 | & a
E
B 60f
O
40 +
20
0
12°C  11°C  10°C  9°C 8°C 7°C 6°C 5°C
Water temperature (°C)
160
O Exp.1
140 |-| mm Exp. 11 d
g d
€
120 +
d
) b cd
=)
=y bc
g
=
=
O
12°C  11°C  10°C  9°C 8°C 7°C 6°C 5°C
Water temperature (°C)
6.00
S O Exp.1
I ¢ o b - Exp. 1T
5.00 od e el
be be
ab
400 ab ap
a
g
B 3.00 - g
[aW)
H
2.00
1.00 -
0.00 -

12°C  11°C 10°C 9°C 8°C 7°C 6°C 5°C
Water temperature (°C)
Fig. 3. Changes of Cortisol, GLU and TP in plasma of cultured seven-

band grouper in Exp. I (—1°C/24 hr) and Exp. II (— 1°C/8 hr) decreas-
ed temperatural conditions.

4. @&o| Na*, K" & CI

AL AEF A0 93 Nat9] 12°C 2T 5L 184.13
+14.79 mEq/LE UJERH QAT Exp. 19 A$ 18 719 &

CI” (mEg/L)
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Fig. 4. Changes of Na*, K*, CI™ in plasma of cultured sevenband
grouper in Exp. I (—1°C/24 hr) and Exp. II (—1°C/8 hr) decreased
temperatural conditions.

AR zpol §1903, Exp. 119 A-$ 11°Col| 177.02+8.38
mEq/LE ZAAAT 10°CRE F7tets S Holy
5°Co] 187.86+4.61 mEq/LE §oAH o2 =2 kS Yehf g
t}H(P<0.05). K*9] 12°C tJ2 T B &L 2384036 mEq/LE



BE YYel4 BET 11°CHE ARER SOMA YET
o vmate] foHOR & e UERHSIThP<003). vH
12°C 239 CI'Y &+ 179.22+6.82 mEq/LE YEHY
AT, Exp. 19 739 183.09+13.95~191.99+23.30 mEq/L,
Exp. 19] 7% 184.63+8.35~197.48+12.68 mEq/LE 15
7k BAA Aol §l9itk (Fig. 4,P>005).

SR 2 HAE YE L oy AL A7)0 &
A 5~6°C7HA| sshe B4& B olF°] E7Fsd 7HF
2lef 22 HHd oMM FEEe FHoRE & 2EH
28 Y€ 497 MIHE] HASEIL Qi) o] 27t A2 AE
doe WA ofs} Hol& Ash AEAA, SFEH 2t
dojutar, Ay tjAHEE7E kA Hu Hshd #HAbe] o2
7| % STt (Park et al., 2011). 53] Ak s 7HEE A 54
ol dFAIZ BF ALE FHstes AYEF LR AT HF
AR 59 EAME ¢ ek wEhA st 4% A
< 20 =EHUE W AE 7T 9A shke2olu &
7 wstol tigt A A2F wkgof #et A7 AU 8
2l
2

oX (o

ol

4
T

AFolAE AT TR ] FHARE FEET g
408 AOR e AEYAR T AH BEL
ASHT A% WA §18 AERE BE Exp. | 774

S AF85e 5°CR a7E T 17047 12012)9] HALE
Aoz 174X7H 0] A A HASF T ¥ Exp. 1T 73
o] A¢ 5°CR s T T2AA ontel o] HAE Ao
AN AEE 403%E TeRgen T6X7A A AT
HAsEGh ol F AW 2R 2 5 1t AR 5°C
of |22} AF HAstz AR Hol, A AEH AR <l
g AP A9 AL 5°Cc2 2T B Exp. [+
Zrol Exp. I F#3tE T E&o] ot w4 veh =2 44
AlZro]l A& AEA &8 o] wob AESC] FokA= AL

2 344

oM N

018 YR T (12°0)25E £2 3P Al AFe 24
2 o|AYELS BAT} So ef al. (2008)2 =2 3174 A] F2| A
$o7H 10°C7HA] frgseo] BepAG7} 5°CR HaWS

Fage 7
9 25 40| ESHETHT WAk & AN SHolE 52
o] 8°C2 FFE FHE HYSEsE AR LeFL, 7°Cel A

a2 20 IE 5d0{e AERA g

olo
o

= #3958 49 S4e YL, AT = vy &
HE AE7E ASEH Ao ofrtn] AHFo] Hx}F Wkl
T3 Aol FH7F F3EHA] ggten] AR 7L HolX|=
o] ITEE Q. o]& v-&-2 Y], Paralichtys olivaceus©l| |
H] 523k FAFo] YERY S o (Hur et al., 2007), o177 2EH A

& o e 1A AT WS AAOR B 4 9
T} (Schreck and Moyle, 1990).

QiAo olFt FAT BAERel 4337 I BF
7He| Zolil Y} F 2 FAEH 20| 29| WE o] WAYsto] &
Fo2 WMz HEEH FHE vt ASIEE, AHES
F2 2EF A NRE o] gH(Mazeaud et al., 1977; Momm-
sen et al., 1999). AWHHQ] 422 AEHA ZANHE 423}
A BlE Aoz FEEo| ettt g A UL ol77H A
T2 7he 7Y AL @F el S48t 57t
3l= Ao 2 H1E v} ok (Davis et al., 1990; Parihar et al.,
1996; Parihar et al., 1997). 7V591, Chelon haematocheilus<= 4=
23517 Al dlz2F91 10°CY) ZEE B X7} 48.5+4.8 ng/mL
ojATH7} 0.5°Co]| 218.0£40.6 ng/mLOZ A3l o2
et (Kang et al., 2007). 2 A& ZEHE =27t ¢
£ 517 A 78.64+1.05ng/mLPY oY 5°CR & 1A
Exp. I A= 103.88 £5.79 ng/mL, Exp. 1| A= 13327 £6.55
ng/mLE #=A UEsth o]2dt A= 5°C A|p2oA AE
A& =& A5 F4% A4 &8s AHT Aoz 4
Ho, a2 WAY AE 7] gl A HAE Yebd
Aozt FAHE B3 5°CE 2 13 A7 & ZEEY &
=& Exp. D AE 7} Exp. 12t} 1.38) A= &3k}, Pickering
and Pottinger (1989)9] dA-1oA ZEE T+ IJEAE2 6
Azt ojfolm, ofFof wat F7tE =Sl AJZto] thETha B
a2 AFoAE F0lY 2 AEG A HE 2

£ 55t & s 1ol wet I EA S A&
3t A|7He] Zpol7t Y ASR FAHTH Wedemeyer et al.
(1990)0] W= duwrg oz ¢by A] B AEFHAE WA
e AR FEE FEE 30~40ng/mLE LA AL,
B AN 2T FES FEE 78.64+105ng/mLE =
A vttt ol=et & Al ZHEY e ofF, 27, 5
2, FAHE, At 5 B A e Yy Ao wet
gtk 4 A 1tk (Barton and Iwama, 1991). T3 AE
g2 B2 el TR 9 A= wet o, A=
Acanthopagrus schlegelii®] 7% G52 o]539S o =
£ %=7} 9F 30 ng/mL (Chang et al., 2007)4E ¥Hd £
AN ZAL W o 106 ng/mL (Choi er al., 2006)2 JeF T

d
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29 Fh& ofFutth Aozt e, EEAol AT A=,
ol i E Aol of Fof & o] F2 54~180 mg/100 mL
(West et al., 1994; Blasco et al., 2001; Min et al., 2006)2 <&
A AL, BE A0 A9 gk
(Silkin and Silkina, 2005) @ g X (Paralichthys olivaceus) (Hur
et al.,2007)9] 7$ 20 mg/100 mL ©|3}2 HIiFo] FFEIA
BEL o2 WEgAd o FREE Ao oAU,
H ALY FEIA = 63.97£9.97 mg/100 mLZE L}ERL}

ey A5 BHer £ o EFA0] Yl olFer B
oA RH, o] F 9] At 247 FFo Basty] wfZolth(Sil-
kin and Silkina, 2005). ¥5tA o2 A FEIAQ FE|Z9)
FTEE @504 FRHEsTTi e ¢ A 9len (Barton and
Iwama, 1991; Nolan et al., 1999), o]&3t AF+= %], Mugil
cephalus (Chang and Hur, 1999), pejerrey Odontesthes bonari-
ensis (Tsuzuki et al., 2001) 59 AZo]FoA EIEHI}
Ay 2EH 20 ot 2FIL F7h= AAE Min e al.,
2013), ©2t3]o} Oreochromis niloticus (Hassan et al., 2013)
S 98 olFolA et Jlen, 2 AFE o|HFt Ao
2 A4 AEFAL Exp. [ 117.57+20.75 mg/dL, Exp. II
2 122831948 mg/dLZE S FI A ASS FE3t4ch 2 o
Foll A= Exp. I1°] Exp. [2th =2 517 77 0] Z¢tal o] =
Q18 ZEE HE= Exp. 17} ¢ 1.34) lggkg = PN
L& Exp. 17} F 0.78) =A Yebgth 283229 F7H80]
FEHE FEET E2 YE AEHA *E"J eZof dfst
o FREIAE AFSo| Aot B E I 13 (Davis and
McEntire, 2009), ZE]&°]| 23] SF22 Aol Lojut
) Aol FRALA Y KA AT ANARE T3]
gAY e A7 0114101] CEERER ey
g olgel 747 Aetolu oF Areh, A Aol

o1 $E|T glon AN FBoIR AL oF 47 gL BE
Hoz g A O‘E]-(Turner 1937; Ozaki, 1978; Yanagisawa
and Hashimoto, 1984). & AFo|A= 27 12°CY =
5254036 g/dL2 %3 ATt egAlR s°CR 22
8172171 Exp. 1S 3.07+1.76 g/dL, Exp. 1= 3.90 £ 1.95 g/dL
2 Zadle AFS BT TP 5=+ AE (Nakagawa et al.,
1977; Siddiqui, 1977a, b), =23+ (Byrne et al., 1989), ~2EJ|
2 (McLeay and Brown, 1979) 5o w2}A z}o|7} U, Ishi-
oka (1980)9] oA st o] Hol 2 A2} H|
SR 2437 Yebgth

rock perch (Scorpaena porcus L.)

(¢}

ol
}:l

oA Ao ASTO} ALTE oluj=Ho|aaZ 7H v =
of Aol FaE3taL, ofA|of WS, A4ka, FaEol A%

AEHAE wor 850 BAo] EolN|A Hrk(Pan er al
2003). 2 A7) Exp. 17 Exp. ] A% th70h ]
AH Aol7h LA skt ol $2 sho] HAIE &

& WA FRAY, Aol g olAe] $A5Y B U

og nhyETE FYHG AL o7} 2
RS 2 &7t o3 oA 2R E
H3LE 23ttt (Nolan et al., 1999; Choi et al.,
2 Aol A Exp. [ K € Cloll= 93-S vAA &
»t »} Na'®] S8 H5AZT, Exp. I Na* 2 K9] 35

FEAA AL & Eﬂi‘: 2 87 14 o] - Exp.
—7‘7& | Exp. 1Hth 2 A o2 Yyt

et 5ol Xi?i LEdadAL A dEe Se

%
o Uehton], 7oco] W 2E|E FRIAT FASL
$30. §95 AT ophl A egel webk oz 2

ojfo] Aeg WA BASLoR FANY. weby 2
A7ATHE S40l9 tapele] R A ALH A%
o] M5 HA AGHLE 7R BREH, 1 olste] 42
olsj® WALe] $-ei7t 2 Aoz tehyrt.

O ox ot

o OF
el -

A= 549 (Epinephelus septemfasciatus)®] A4 A
o2 wAslE A 7L 9T AeAsetgel B
ZAVH] Yot 2 12°CE EHZE—?E Exp.I(—1°C/24
), Exp. I (—1°C/8 h)9] AFTE Asto] 9d7 o] AH A&
£ FHE, ZEIA, 51:}&“7(1 2 A =82 =459
O AEES Bxp. 48T A AL S°CR 4T F
170A1ZHR 120F2] 9] HALS Aoz 174A17EA o] A7) A
S ARt NHE Exp. I AETLY A4S 5°C2 3143 F 72
AR 9 vhzl ] HALE Alzto.2 76A17kA A AA7E HAer
ok A2l A Bhg-2 Exp. 13} Exp. 11¢] u]H|gk Zfol= §lovt
H|=3E Aeko]l yehteon, @4 e & 27229 YA
27k 7oCel FATL ASIHL, §4 5T obbl Aoles
o WL olte] ATE S4ole AL A AL
22 7°CE FAHr}.
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2~
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© o
o =
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At At
B QT FYRABIAY S5 SBABFY A2H 7]
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