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Fig. 1 Concentrations of total protein (TP) and glucose (GLU) in the plasma of longtooth grouper Epinephelus bruneus

in different temperatures of sea water, n = 6. S1: sampling at 26°C; S2: sampling at 15°C; S3: sampling at 24 hours
after exposure to 15°C; S4: sampling at recovery to 26°C; S5: sampling at 24 hours after recovery to 26°C. The asterisks

indicate a significant difference (t-test, p < 0.05).

ek 26°CHAtGHE G R R & E (AD-C-H-
9000 - FHFEHIR/AE]) LU/INEFRE 0.8°C 2 3R
B ISCHHEZEER 24 hr > BESERKE NG
R ERPARRRESE > AR BEALIER 267C
FRBEETUR R ERR BT - AW B IAE SR B Ri
(26°C, Sampling time 1, S1) ~ BB ZE 15CHF (S2) ~
ISC#FE 24 hr & (S3) ~ [HRE 26CHKF (S4) K
[ElJE % 24 hr (S5) FLfERFRBEERIMMT R IEIM AR
A b2 > PRt RIRELE b ult 7o IR R B R AR
TE S

= ~ IMAEAEAES Y

A FEEE I MAE AL 2 B Ry BT ARy - 7E
bt A ERAR IR R o B SR H - B 600 pl/L
2-phenoxyethanol (2-PE) it i 28 58 4= 2 2= 1 A
(total loss of equilibrium) % %t (Hseu et al.,
2005) - fg—ERARB g — /KR T AR R R
IfiL > LA 2.5 ml (9359 28 5 B Be s S R R IRER 111 -
FHEUMAER 1.5 ml £ - IIAEZZERINE (Sodium
Heparin 75 USP Units Blood Collection Tubes, BD
Vacutainer, USA) H - ¥ESIE&195%% » DL 18°C »
4500 rpm Bf.Cr 10 min - ¥ FIEWR L AR
£ 1.5 ml FUE TR - DIRSRIMRAEAL
EEER (VetTest, IDEXX, USA) #ERECMIIK AL
M (VetTest 8008, IDEXX, USA) » #HI%E TP »

GLU~ TRIG~CHOL + ALKP % CREA <IEZH -
9 ~ wEt i

Fi S B B BB DIV £ ARHERR A (mean +
SE) %7 + BERRERLL R (ttest) HEFTHRET)
BT > el 2 ERAR IR L B G iR B A B e T L 2%
HHIM AL B E 2= RS T - B ke
a=0.05 > #fETikE R Sigma stat 3.5 A »

Mo R

— ~ KR B R O B M AR A {2 B
il

PSRRI BOE R M TP ke GLU J=iE
SLAN Fig. 1 - M4 TP REAEIRFEFERT (S1) -
PEHR BT R P SRR 725 (p> 0.05) > #E
BRI 15°C (S2) ke ISC#FK 24 hr & (S3) t
AL o (ALERRRR (S4) BE2[EREE 24 hr
(S5) BRFERINTERIL (p<0.05) M4 GLU =&
FEARIR ZR BT (S1) - PEfHH B U B B A ] S5
FAE (p > 0.05)  EAEKIRFZEESE 24 hr &
(S3) BAF R TERIRL (p < 0.05) - {HFER ]
TH% 24 hr (85) GLU 58 RIS 2 filAH S22 0 5
(p>0.05) - o BEAS R BE R M A TRIG J



50 BRI SE

12 35
I treatment group B treatment group % *
10 1 control group = x 3.0 { | E= control group
*
2.5
08 2 = 2
= =
© Q 29
£ 2
E o064 =
(o} o 15
o @ E
o4 o
1.0
0.2 4 05 4
0.0 T T T T T 0.0
S1 S2 83 S4 S5 S1 82 S3 S4 85
Sampling time Sampling time

Fig. 2 Concentrations of triglyceride (TRIG) and cholesterol (CHOL) in the plasma of longtooth grouper Epinephelus
bruneus in different temperatures of sea water, n = 6. S1: sampling at 26°C; S2: sampling at 15°C; S3: sampling at 24
hours after exposure to 15°C; S4: sampling at recovery to 26°C; S5: sampling at 24 hours after recovery to 26°C. The
asterisks indicate a significant difference (t-test, p < 0.05).
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Fig. 3 Concentrations of alkaline phosphatase (ALKP) and creatinine (CREA) in the plasma of longtooth grouper
Epinephelus bruneus in different temperatures of sea water, n = 6. S1: sampling at 26°C; S2: sampling at 15°C; S3:
sampling at 24 hours after exposure to 15°C; S4: sampling at recovery to 26°C; S5: sampling at 24 hours after recovery
to 26°C. The asterisk indicates a significant difference (t-test, p < 0.05).
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Fig. 4 Concentrations of total protein (TP) and glucose (GLU) in the plasma of giant grouper Epinephelus lanceolatus

in different temperatures of sea water, n = 6. S1: sampling at 26°C; S2: sampling at 15°C; S3: sampling at 24 hours
after exposure to 15°C; S4: sampling at recovery to 26°C; S5: sampling at 24 hours after recovery to 26°C. The asterisks

indicate a significant difference (t-test, p < 0.05).
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Fig. 5 Concentrations of triglyceride (TRIG) and cholesterol (CHOL) in the plasma of giant grouper Epinephelus
lanceolatus in different temperatures of sea water, n = 6. S1: sampling at 26°C; S2: sampling at 15°C; S3: sampling at

24 hours after exposure to 15°C; S4: sampling at recovery to 26°C; S5: sampling at 24 hours after recovery to 26°C.

The asterisks indicate a significant difference (t-test, p < 0.05).
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Fig. 6 Concentrations of alkaline phosphatase (ALKP) and creatinine (CREA) in the plasma of giant grouper

Epinephelus lanceolatus in different temperatures of sea water, n = 6. S1: sampling at 26°C; S2: sampling at 15°C; S3:

sampling at 24 hours after exposure to 15°C; S4: sampling at recovery to 26°C; S5: sampling at 24 hours after recovery
to 26°C. The asterisks indicate a significant difference (t-test, p < 0.05).
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Fig. 7 Concentrations of total protein (TP) and glucose (GLU) in the plasma of hybrid grouper (Epinephelus bruneus x
E. lanceolatus) in different temperatures of sea water, n = 6. S1: sampling at 26°C; S2: sampling at 15°C; S3: sampling
at 24 hours after exposure to 15°C; S4: sampling at recovery to 26°C; S5: sampling at 24 hours after recovery to 26C.
The asterisks indicate a significant difference (t-test, p < 0.05).

1.2 4 =
*
EE treatment group
10 4 [ control group *
a4 T il o
*
= 08 * g %
3 [}
£ 2 *
E o6 £ 2
@ iy
z £
F 04 O
1
0.2 1 B treatment group
[ control group
0.0 T T 0 T T T
S1 S2 S3 sS4 S5 S1 S2 S3 S4 S5

Sampling time

Sampling time

Fig. 8 Concentrations of triglyceride (TRIG) and cholesterol (CHOL) in the plasma of hybrid grouper (Epinephelus
bruneus x E. lanceolatus) in different temperatures of sea water, n = 6. S1: sampling at 26°C; S2: sampling at 15°C; S3:
sampling at 24 hours after exposure to 15°C; S4: sampling at recovery to 26°C; S5: sampling at 24 hours after recovery
to 26°C. The asterisks indicate a significant difference (t-test, p < 0.05).
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Fig. 9 Concentrations of alkaline phosphatase (ALKP) and creatinine (CREA) in the plasma of hybrid grouper

(Epinephelus bruneus x E. lanceolatus) in different temperatures of sea water, n = 6. S1: sampling at 26°C; S2: sampling
at 15°C; S3: sampling at 24 hours after exposure to 15°C; S4: sampling at recovery to 26°C; S5: sampling at 24 hours
after recovery to 26°C. The asterisks indicate a significant difference (t-test, p < 0.05).
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ABSTRACT

This study investigated the effects of low-temperature stress on the plasma biochemical parameters of
longtooth grouper (Epinephelus bruneus), giant grouper (E. lanceolatus) and a hybrid grouper (E. bruneus x E.
lanceolatus). In the low-temperature exposure experiment, the temperature was reduced by 0.8°C per hour from
26°C to 15°C. The fish plasma was sampled and analyzed at 26°C (Sampling time 1, S1), 15°C (S2), 24 hours
after exposure to 15°C (S3), recovery to 26°C (S4) and 24 hours after recovery to 26°C (S5), respectively. The
results showed that the glucose (GLU) concentration of longtooth grouper was significantly increased at S3 and
recovered to the control group level at S5. The GLU concentration of giant grouper at S2-S3 was significantly
higher than that in the control group even at recovery to 26°C. The GLU concentration of hybrid grouper was
significantly increased at S3 and also recovered to the control group level at S5. The plasma triglyceride (TRIG)
and cholesterol (CHOL) concentrations of the three grouper species were all significantly increased during the
low-temperature exposure period. The results indicated that the GLU, TRIG and CHOL concentrations of the three
grouper species were obviously changed during the low-temperature exposure and recovery periods. Based on the
changes in their plasma GLU concentrations, the physiological acclimation ability of the hybrid grouper was higher

than that of the giant grouper during the cold stress period.

Key words: longtooth grouper, giant grouper, hybrid grouper, low-temperature stress, plasma biochemical

parameters
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