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Schematic diagram of gradient cooling temporary and simulated transportation
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Fig. 2 Effects of temperature (a), salinity (b), cooling rate (c), and weight ratio of fish to water (d)
on the survival time of grouper
Different letters indicate significant differences between groups (P<0.05).
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Experimental design and results of Box-Behnken
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test number  cooling rate  temperature salinity survival time
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1 15 25 52
2 15 25 43
1 17 25 47
2 17 25 40
1 16 20 48
2 16 20 40
1 16 30 34
2 16 30 29
1.5 15 20 46
1.5 17 20 43
1.5 15 30 32
1.5 17 30 30
1.5 16 25 53
1.5 16 25 54
1.5 16 25 51
1.5 16 25 54
1.5 16 25 53
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Tab.3 ANOVA for response surface model

J7ZHKYF source SEJ7F sum of squares AE df 4 mean square F P I #E P significance
iR model 1194.19 9 132.69 106.15 <0.0001 Hkx
A 105.13 1 105.13 84.10 <0.0001 Hok
B 21.13 1 21.13 16.90 0.0045 **
C 338.00 1 338.00 270.40 <0.0001 wokx
AB 1.00 1 1.00 0.80 0.4008

AC 2.25 1 2.25 1.80 0.2216

BC 0.25 1 0.25 0.20 0.6682

A? 59.21 1 59.21 47.37 0.0002 Hkk
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C? 556.84 1 556.84 445.47 <0.0001 Hkk
5% 7 residual 8.75 7 1.25
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BAESE cor total 1202.94 16

e FRR R E (P<0.001); ** R4 (P<0.01); *F/R i 3 (P<0.05).

Note: *** indicates extremely significant (P<0.001); ** indicates more significant (P<0.01); * indicates significant (P<0.05).
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Fig. 3 Responce surface plots of the effect of the interaction of factors on survival time of grouper
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Fig. 4 Variation of water quality indicators with transportation time
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Fig. 5 Heat map analysis of serum biochemical indexes and liver antioxidant stress indicators in grouper across different
transportation times
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Fig. 6 Changes in liver tissue structure of grouper during transportation
a.Control group; b. 0 h group; c. 3 h group; d. 12 h group; e. 24 h group; f. 48 h group. VS: vacuole;
LC: hepatocyte; CV: vein; N: nucleus; CT: connective tissue.
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Y, ¥l SOD. CAT. GPX Hl MDA ()5 K ik
PE AT DA% 4 T b S AL S AL B R . A5
HESER IR I A B A1 7 ) AR M ), SOD |
CAT. GPX iHPEK MDA & i, Uil A B
032 B UG AR N AR T R TG E R,
T EILZ N SOD., CAT., GPX [ A i iR 1 i
L2 H % MDA & 208 IR TR LAY
s, JEETTRERTE 24 h AN, fARZEIRE . YL
WA a2, HFEH SOD . CAT Al
GPX 1 Mg 9 ICHT AL, Ktk MDA & &
R, (HBE R 2 R AR, KR A
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WA S A FY R KR E g, fakhis
HPrE DI BEZ I, R TE A A ST B
KB BR, HLVEAR 5 MDA 5 & 1 s 1
B2 iFE MDA & & ez 48 h 5 2T
xR4T, VLA fo e s d A b, I S 4
FREBEAS W e, A 40 B B o 1k 41k s g el 2
MDA KA,

34 EUEHMNBHKEBEANEANIEALASEH

RS AR N 2R S E, B RE AU A
i Wi R (4L L 55 22 Bk D RE, AT RE 7 mT LX) 2 it
P A AR S Xl BRI B2 Bk T A0 A B i JH A
G5 R, Horh A DR asi, mAEE A
e SR, MRS O M AR AT R RE, SR T
LA . 2l BRI S, B 2513 2, A a]
AEJE 2 TR L EA0 BE AL AR I B W B AE B L 3=
K A FRIE L BRI 0 40 R, 2% 24 b A,
MMPRIL S KA, RANFAEH A 28, [FE
JTF 240 F ) RE R ) S SR A o i o A I )z i
&, BFBER A F I RE T e, S B
Vi, FATIIRGE, g R 5 X R FHE AR
T 30 XoF U i ik 4 £ FIE R 45 R AR L 3R
A I s o i £ 22 B e I A B 8 4 T U 52 24520
I BB 12 i I [ 4 3 R TN

4 g

AHIF 5 38 3 B R 2R 45 e 1 T AR A T
B e 0o B f0 IR ORI i i T2, iz 45
PERFEIRER A 1.2 C/h, BN 157 C, HIF
H 24%, fKE RN 15, WA TN
A BE O AR B IS B ) 2 B T AT B R, Tk
(55.6+1.7) h, Ifilif COR & w7 iz id i 258 1
P JE T VR kS, BLIH A7 B 7 S i A v g
WAL, 5% 3 h i}, ALT, AST. LDH
TG PEF COR & ¥R R KMH, JFHAaREIR T
MY () v IO I, U I AT LG R 7 1 38
s AR AL, RE AU R R, R 2
S ;-G Bt AR A ) I HE TR RS R, KR R
A WHREE A FY PR R, T HEsh
FEARFI R 2 1 i Ak 300, R BT b A AL

(SOD. CAT . GPX)ifi ¥ LLVE BRI P (1436 £ 420 A
S, 2% 48 h B, KRR EEA . WAL
G IR AR B IEE . B R SE AR,
JIETC v 44 1E AT D Re Fb AL D RE, B
fLBF(SOD . CAT. GPX)ihith i & T, it &
TR 7= MDA .35 L R, 8 T 4Rl
KA Sh T s AE L, A BT H SRR . IR 4R
B IR BRI A3k, 3 K 2 T A L 0 s 3
My s TP, TG, TC & EE FRE.,
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Abstract: Pearl gentian grouper (Epinephelus fuscoguttatus @ X E. lanceolatus 3) was studied to explore the

cool acclimation process and evaluate its transport stress response through a series of biochemical indices. The
effects of different cooling rates, water temperature, salinity, and fish-water ratios on the survival time of the pearl
gentian grouper were determined. Response surface methodology was used to optimize the cool acclimation
conditions, and a simulated transportation test was carried out on the pearl gentian grouper based on optimal
conditions to determine the water quality indicators, serum biochemical indices, and liver antioxidant indicators at
different time points; changes in the liver microstructures of the pearl gentian grouper were observed using an
optical microscope. The optimal conditions for the acclimation process of pearl gentian grouper were obtained as
follows: cooling rate of 1.2 ‘C/h, temperature of 15.7 °C, salinity of 24%o., and weight ratio of fish to water of 1 :

5. Under these conditions the fish could survive for (55.6£1.7) h. In the simulated transportation, as the operation
time increased, the total ammonia nitrogen concentration, nitrite concentration, and conductivity of the water
increased rapidly. Transportation operation induced a gradual increase in serum alanine aminotransferase,
aspartate aminotransferase, and lactate dehydrogenase activities and a rapid increase in cortisol levels, and their
content returned to normal after 48 h. Serum albumin, total protein, triglyceride and total cholesterol contents
decreased significantly at 48 h, indicating that transportation stress led to the decomposition of proteins and lipids
in the serum, which affected the composition and content of the serum. The activities of liver superoxide
dismutase, hydrogen peroxidase, and glutathione peroxidase were elevated during transportation as a pathway to
counteract the oxidative stress of the organism. However, with the prolongation of transportation time, the
organism gradually depleted and reduced the production of these enzymes, and the enzyme activities showed
reduced trends at 48 h. Optical microscopy revealed that adverse effects on the liver tissue of pearl gentian grouper
gradually increased. After 24 h, the arrangement of liver cells became chaotic and the overall morphology of the
liver was lost. The study showed that the optimized cool temperature acclimation conditions were suitable for the
pearl gentian grouper in simulated transportation, and different stages of transportation exhibited varying changes
in water quality indicators, serum biochemical indicators, liver antioxidant indicators, and microstructure. These
results provide technical support for the preservation and transportation of pearl gentian grouper and other marine fish.

Key words: Epinephelus fuscoguttatus Q X E. lanceolatus 3'; temporary cool simulated transport; response surface

methodology; serum biochemistry; liver antioxidant; hepatic histology
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