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F1 HENIEERRMERBZE

Tab.1 Effects of overwintering on body size of 7. sinensis

A /n=30 B /n=30

M=SE CV/% M=SE CV/%

mm 246.83+23.82° 9.65 269.03+37.49° 13.94

mm 104.8+11.91° 11.36 112.92+14.35° 12.71

mm 41.14£4.67° 11.35 44.72+6.22° 13.91

mm 128.91+14.44° 11.20 150.62+19.74° 13.11

mm 38.1+5.06° 13.28 38.94+5.67° 14.56

mm 21.44+2.2° 10.26 22.69£2.93" 12.91

mm 17.54+1.9* 10.83 19.53+2.62° 13.42

mm 4.14+0.74* 17.87 6.1£0.86" 14.10

mm 3.84+0.62° 16.15 3.92+0.59° 15.05

mm 3.84+0.75° 19.53 4.67+0.63° 13.49

mm 15.06+1.78" 11.82 20.35+3.17° 15.58

mm 11.25+1.33° 11.82 18.57+2.71° 14.59

mm 65.59+19.78" 30.16 65.64+12.6° 19.20

mm 14.23£1.79° 12.58 17.64+2.63° 14.91

mm 40.64+5.36" 13.19 42.45+6.45° 15.19

mm 22.91+3.23° 14.10 24.61+4.12° 16.74

mm 36.95+5.03" 13.61 37.94+6.97° 18.37

mm 4.74+0.78" 16.46 4.73+0.9° 19.03

mm 85.93+11.45 13.32 107.48+15.57° 14.49

mm 82.8+9.05° 10.93 95.96+12.36" 12.88

mm 96.3+£9.74° 10.11 110.31£15.44° 14.00

mm 93.28+9.06" 9.71 104.41+14.08° 13.49

mm 54.55+7.65° 14.02 57.25+7.88" 13.76

mm 23.73+2.95° 12.43 24.6+3.68" 14.96

mm 19+3.38° 17.79 20.42+3.28° 16.06

mm 22.73+4.14° 18.21 23.19+3.22° 13.89

mm 59.25+10.15° 17.13 64.07+8.2° 12.80

mm 21.53+2.78° 12.91 25.29+3.99° 15.78

mm 20.242.6 12.87 22.02+4.02° 18.26

mm 23.85+3.36" 14.09 23.52+3.5° 14.88

() A : 2017 9 30 ;(2)B : 2018 4 30 ;(3) a b
(P<0.05),
0; (2) R ,A B 4
8 B A (P<0.05),
(P>0.05) |, B 0; (6) ,A B
A (P<0.05), 8
37.5%; (3) , A B A (P<0.05) |,
B , B (P>0.05),
(P>0.05), 75% ,
50%; (4) ,A B ,

4 (P>0.05), = > > > > ,

100%; (5)
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T2 HENIBEREUHRKIEZN
Tab.2 Effects of overwintering on body quality traits of 7. sinensis
A (n=30) B (n=30)
M=SE CV/% M=SE CV/%
g 363.7+56.2° 15.44 423.1+60.9" 14.38
g 267.3+54.6" 20.43 311.8+46.7° 14.97
g 66.423+9 .803° 14.76 76.174+14.309° 18.78
g 3.818+0.417° 10.92 5.237+0.926" 17.68
g 9.685+1.466° 15.14 12.914+2.531° 19.60
g 2.484%0.406° 16.34 3.324+0.576° 17.33
g 3.956+0.611° 15.44 5.049+0.905" 17.92
g 1.11440.172° 15.44 1.320+0.283° 21.44
g 0.466+0.116" 24.89 0.608+0.108" 17.76
g 43.215+7.048° 16.31 50.007+7.344" 14.69
g 25.475+4.029° 15.82 28.046+6.150° 21.93
g 12.063+2.24 18.57 14.90142.669" 17.91
2 ,A B F3 BENLEEMFENBREEZN
. ap. ects o overwmtermg on serum biocnemical 1mdices
(1) Tab.3 Eff f interi biochemical indi
: > of T. sinensis
9 B A
(P<0.05), A (n=5) B (n=5)
0; (2) ,A B TP g/L 37.3743.95° 51.23+4.91°
3 ALB g/L 12.43+1.03" 16.00£1.15°
(P>0.05) , B A GLB g/L 24.93+4.31° 35.23+5.40°
(P<0.05), A/G 0.52+0.12° 0.47+0.08°
33.3% , 30 TG  mmol/L 2.83+0.7" 0.59:0.02°
12 GLU  mmol/L 9.41£1.06° 10.44+0.16°
CREA /L 10.67+1.70° 15.67+1.70°
46.7%  8.3%, wmo
UREA  mmol/L 3.07£0.40° 1.70+0.29°
- CO, mmol/L  48.13£2.16" 24.77£1.99°
3 ALT U/L 8.67£3.40° 18.33+6.55°
b
: , U/L 67+6.55 7.33+13.
1 TP ALB AST / 96.67+6.55° 117.33+13.91°
B A (P<0.05), TG A . .
LDH U/L 721.67+271.14 260.67+13.52
B (P<0.05),
CK UL  8698.33+194.53" 5831.00+1448.38"
A/G GLB GLU (P>0.05); (2) A . )
CREA B A K mmol/L 4.31+0.03 13.15+2.70
’ Na'  mmol/L  128.00+1.41° 129.67+1.70°
P<0. REA A .
(P<0.05), u CO, P mmol/L 1.25+0.02° 1.26+0.07°
B P<0.05); (3
( ) ) ’ tA , 2017 9 30 ;B
LDH CK A B , 2018 4 30
(P<0.05), ALT AST (P>0.05); (4)
,K' B A 2.3
(P<0.05), Na" P (P>0.05) 4 1 2 ,
,A B , S (1)
) B A

(P<0.05), A
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R4 BENTRERIHEUEBEIHZMN B (P<0.05); (2) ATP
Tab.4 Effects of overwintering on activities of viscera-related 5 5
functional enzymes of T. sinensis , Na'/K'-ATPase Ca +/N[g '-ATPase
B A (P<0.05); (3)
A n=5) B (n=5) , SOD (P>0.05)
U/mg prot  0.587£0.257° 2.45+0.808" , CAT POD A B
U/mg prot  0.035%0.008" 0.2930.055" (P<0.05) ,
Ulg prot 23.389+4.99° 4.028+1.986°
ot 200 2+ 2.4
1.4 | BNa'/k™-ATPase O Ca™/Mg~-ATPase B
12} b 5 ,A B
g [ A>B
s 1.0+ a l /,-'i.f.-f >
E osf T S ] (P<0.05) A<B (P<0.05) A<B (P<0.05),
goer -] s . A>B(P<0.05) :
Eg 04r Lt A A
I FALES,
0.2 LEEES, FEEEE,
0.0 E L - - EEERLS ) 3
ASCEOBHA BSRIBHA
1 ATP 3.1
Fig.1 Differences of ATP activities in liver of 7. sinensis before
and after overwintering (2002)
5 ) b
a SOD
N ol 20°C . s ec ,
el PRI 12°C ; (2002)
R A BRI , (1995)
ob0—1r.-."."." e e e . y
30} a POD
L ,
(= B T
s Iiliii ( 25 °C )
E 51 R ( 15~25 °C ,
o i ) ( 15°C
] S A
P I SRS ] > ) (
15~25 °C R
1500 a CAT
) ,
1200 ] 5
wop i 9 10 1 12
600 RSN 3 4 5 )
300} :::::::::: b A B
ob— 77 , [~ , 2+ , 1 30
ASCERBHA BSR3BHA B A
2 16 14 2 12
Fig.2 Differences of antioxidant enzyme activities in liver of 7. B A 11

sinensis before and after overwintering

a b

s
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x5 MENLEENAFELDERZE

Tab.5 Effect of overwintering on muscle and hemline physical properties of 7. sinensis

A (n=5) B (n=5) A (n=5)

B (n=5)

23 001.435+636.487"
-9.302+1.407°
0.674+0.026"
0.804+0.040°

18 506.887+1 387.079°

12 513.783+1 345.418°
0.770+0.048"

24306.148+1 051.157°
-39.536+14.116"
0.809+0.072°
0.813+0.023"
19 759.526+1 238.402°
15 890.599+488.89"
0.800+0.020°

1 325.754+38.381°
—13.129+5.526°
0.754+0.127°
0.593+0.069*
667.301+£25.858"
581.042+23.305°
0.434+0.069"

1394.430+31.629°
—52.046+2.934°
0.851+0.034°
0.566+0.063°
698.439+71.308"
632.000+56.966"
0.329+0.099*

, 2017),
( , 2011),
, 2012),
3.2 1978) ,
(
, 2015), GLU
( , 2009) (2002) ,
(12 ~ 2 )GLU
(7~9 ) (P<0.05), (3 )GLU 2,
(P>0.05) ,
(Bufo gararizans)
GLU (P<0.05) ( , 1995),
(Monopterus albus) s
(P<0.01) ( , 2017) , ( ,2015)
GLU ( , 2003)
, 3 GLU , 3
(P>0.05) , GLU (P<0.05)
“ ~ (P>0.05)
~ ~ ”  GLU , GLU
3 4
TG (P<0.05)
(P<0.05), TP ALB
(P<0.05) ,
TG (P<0.05),
TP (P<0.01) ( , GLU

% (Trachinotus ovatus)

(

(Stirling, 1976; Kutty,

GLU
CREA

(Sparus macrocephalus)
(P<0.05)

>

(P<0.05),

E

1 CREA

GLU



(Trionyx sinensis)

427

GLU
33
CK LDH AST ,
( ,2013) ALT ,
( ;
2007; Srivastava et al, 2007; , 2010) ALT
AST ,
( , 2007, , 2013)
ALT AST
(  3) (P>0.05),
ALT AST ( , 2015)
, ALT
AST (P<0.05) ( ,
2009; , 2015) ,
GLB A/G
(P>0.05) ( D,
(2002)
(P<0.05),
(P>0.05) ,
CK LDH UREA
CO, ( 3) (P<0.05) ,
, CK LDH UREA
CO2 5
SOD CAT POD

( ,2013)

Ca*'/Mg**-ATPase
Na'/K'-ATPase

B

Na/K*-ATPase
ATP
Na" K*

]

Na'/K*-ATPase

Ca*"/Mg”*-ATPase (P<0.05)
CAT POD (P<0.05) (1,
2), TP ALB K' (P<0.05)
TG (P<0.05) ( 3) ,
CAT POD
SOD
( , 2007),
(Filho et al, 1993)
, 2 SOD
(P>0.05) ,
4
(1)
(2)
(13 ~ ~ ~ 2 GLU
GLU
GLU
GLU , GLU
(3) CK LDH UREA CO,
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EFFECTS OF OVERWINTERING ON BODY MORPHOLOGY, SERUM BIOCHEMISTRY,
ACTIVITY OF FUNCTIONAL ENZYMES RELATED TO VISCERA, AND PHYSICAL
PROPERTIES OF MUSCLE AND SKIRT OF TRIONYX SINENSIS IN POND CULTURE
MODE

LI You-Zhi', MU En-Xuan', SHENTU Yan’, ZHU Wei-Dong?, ZHAO Bei-Bei', WANG Zhi-Zheng'

(1. School of Fisheries of Zhejiang Ocean University, Zhoushan 316022, China; 2. Yuyao Aquatic Technology extension Center, Yuyao
315400, China)

Abstract Aquatic animals have gained their own strategies for overwintering by adjusting their physiological and
biochemical characteristics. Therefore, to study the mechanism of overwintering impact on physiological status of aquatic
animals would provide important guide for safe breeding. Pond-cultured two-year-old soft-shelled turtle Trionyx sinensis
was studied and the differences before and after wintering were systematically studied in 4 aspects, i.e., the body shape,
serum biochemistry, the enzyme activity of viscera-related function, and the physical properties of muscle and skirt. The
results show that: (1) during overwintering, 7. sinensis grew obviously in general. The differential similarity of the
measured values of 30 body-size traits and 12 quality traits were 46.7% and 8.3%, respectively; (2) among the 16 serum
biochemical indexes, five (including TG etc.) decreased significantly after overwintering (P<0.05), four (including TP etc.)
increased significantly (P<0.05), and no significant difference was found in the rest seven indexes (including GLB etc.)
(P>0.05); (3) among the eight indexes of visceral enzymology, the enzyme activities of CAT, POD and lipase in liver
decreased significantly after overwintering (P<0.05), and the enzyme activities of pepsin etc. of liver increased
significantly (P<0.05); (4) of the seven physical properties indexes measured, the hemline elasticity and chewiness
increased significantly (P<0.05), the others decreased significantly or had no significant difference (P>0.05).
Overwintering caused corresponding change in normal liver functioning, but did not affect the normal functioning of heart
and liver. The study promoted our understanding of overwintering ecophysiology with a real-data support to the
management during 7. sinensis overwriting.

Key words Trionyx sinensis; overwinter; morphological characteristics; serum biochemistry;  digestive

enzymes; antioxidant enzyme; ATPase; physical property



