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RPTEALRE 1, BENE 4 I MR BLAILAAR 1 B S8 AL Bl
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BIRMEKIRE R 25, KRN 22.0 CHE 15.0 C,
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L EEHIEL0.5 C, FFETA . BRERER
B AR, ARk E 4R 1/3,
1.2 XWigit
1.21 BEBRTIE o KB IR R B
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24.0 ‘CH130.0 C, FHEESH 25) K 1A ERFEXT 2
(25, TREE 22.0 'CYFI 4 NERFERAS AL PR (15,20,
30 135, EREEYIR 22.0 C), HATIRERIRAS MG,
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F1196 h it SR 45 20 A7 17 28 1 BT 1B i 41 2000 7 i 41
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6.0 C/d, R 25 (AR, EIGRE A 15.0 C,
B2 RRBEE ) THR SRR 2 THE, TIHRIF LG
J5 B 24 g A ALAE I 2RI BRUF I AR 41 2000 72 i



54 1) BT B AE IR

AR A X TG A MR A R A AL BE T 1 =2 i) 537

FAALRE S, HELRIFEEET, H4A8ik 6 4
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RS, A2, 2 C/d. 4 Cid
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A IR S THEIF GG B TTE, £R%RF 24 he
1.3 HREMRESNE

FE A IORE B[] 550 DA 45 521560 7 52 2 T B AL 5
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NPT RER, BUFBERIES, &8 WA PR
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SR A 5 R A R W S s B IR K
IR T-AOC. T-SOD. CAT il K MDA % & .
T-AOC & HJHANLE LR 16 37 CHf, 4 s
EFHHLE A, RV AR R OB (OD) A &35
0.01 i}, & 1 4 SPr ke 154 (U), T-SOD i
TN RE SR BT BB ALE 1| mL VR
H1 SOD I 3K 50%H] BrXf 1z i) SOD #2414~
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0.55 MR b i o EAL EAR X ol 1 A e R
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5 H Origin, Excel 1 SPSS 24.0 k{4 7
GEAT AT, 45D X£SD Fom o A7 15 R A i
SPSS 24.0 1A A5 R, IHHAEREGLEE, &~
] Ab B [F) R AR ST RE AR T K250y ik b g, Ab 3
20 N B SR FH B R ANOVA #8556 F11 Duncan 22
o, WEKEHR 95% (P<0.05).

2 HBRE5HH
21 BERTENERKENEFEESHENLEN

sEA

211 HFEE RERTHERKEL 96 h N7
TR 1, 14.0 CTH 18.0 ‘CH S5X A
(22.0 “C)7E JZ 56 3 [B] MR 19 7735 LA RF AR, 96 h
FEWE 4R 100.00%:; 26.0 “CHI130.0 CLHLETE %
P S 55 s i) S 4 T R T R ATG, H 26.0 °C A1 30.0 °C
21 5 A SR A7 A B 5 25 714 (P<0.05). 26.0 C
HTSE TG 48 h 5 B T-/MA, 96 h 723G %
274 80.00%; 30.0 CHTESLEIFAG 3 h 5 RPH B
FETAMAK, 7E 6~24 h JET- A~ A% T8 fk, 96 h
FEW RN T E, 200 46.67%.

212 mEEESN mE 1A, XERZ(22.0 C)
S E A T-AOC 1 M TC & 25 57, IR RAR AL 7
4 T-AOC IE M EIET R G R H . 14.0 °C

x1 BERTHERKEBENRHNEFERE

Tab.1 Survival rate of Palaemon gravieri in sudden temperature change groups

n=3; X+SD; %

i ] /h L BE/°C temperature

time 14.0* 18.0% 22.0* 26.0° 30.0¢

3 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00° 96.67+3.33°
6 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00° 90.00+3.33°
9 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00° 90.00+3.33°
12 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00° 90.00+3.33"
24 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00° 90.00+3.33"
48 100.00+0.00 100.00+0.00 100.00+0.00 90.00+3.33" 63.33%0.00°
72 100.00+0.00 100.00+0.00 100.00+0.00 85.56+1.93¢ 60.00+3.33°
96 100.00+0.00 100.00+0.00 100.00+0.00 80.00+3.33¢ 46.67+3.33¢

H: FFEEE b AN RN R 3R 22 5 835 (P<0.05), [RATEE T FAR KRS FHREAS R 3R 25 5 .35 (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05), and values in each row with different capital

superscripts are significantly different (P<0.05).
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Fig. 1 Change of T-AOC activity in Palaemon gravieri under acute temperature change
Different superscripts on each column in the same time group mean significantly different (P<0.05) between different temperature,
and different capital letters on each column mean significantly different (P<0.05) between different time.
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Fig. 2 Change of T-SOD activity in Palaemon gravieri under acute temperature change
Different superscripts on each column in the same time group mean significantly different (P<0.05) between different temperature,
and different capital letters on each column mean significantly different (P<0.05) between different time.
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Fig. 3 Change of CAT activity in Palaemon gravieri under acute temperature change
Different superscripts on each column in the same time group mean significantly different (P<0.05) between different temperature,
and different capital letters on each column mean significantly different (P<0.05) between different time.
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& 4 T, XFIRZH(22.0 C)45 A 5 MDA
SERILRELES, KB4 MDA SE¥EMe
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WK 2 B HoAb AL P4, 18.0 'C . 26.0 CHI
30.0 CAlmAEHIT 9 h, HF 12 hfFIKE
SFHEIKSE, 18.0 C4H MDA & l&(d & T H
AN, PiBH 18.0 CLHAYRE T A AL TR
T HAh; 48 h J5 14.0 C ., 18.0 CH130.0 C4H
PRIE EXF IR IR, 72 h )5 26.0 “C4 5 HAthzHIC
WEER

22 AEAABREXRMNERKENEESHEWL
B T =0

221 TFEE REHAH LIRS R UL 2,
6.0 ‘C/d 415 2.0 ‘C/d ZH2:5 13 (P<0.05), Ifij
4.0 C/d SHALH TR E2ER, 6.0 C/d 41171

14 C
B2 18 C
BS§22C
B 26 °C
130 °C

Ae
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fit[E]/h time

K4 AR T & G T MDA & By 2Z{k
[] — (B 2 A /NG AN [R) 2R S R B ) 22 57 8 8 (P<0.05), b K FHREAS [R] 37 R [R] I i) 4 22 57 &8 3 (P<0.05).
Fig. 4 Changes of MDA content in Palaemon gravieri under acute temperature change
Different superscripts on each column in the same time group mean significantly different (P<0.05) between different temperature,
and different capital letters on each column mean significantly different (P<0.05) between different time.
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Tab. 2 Survival rate of Palaemon gravieri in
heating rate groups

n=3; X+SD; %

RE/C FHi 3 #/("C/d) heating rate
temperature 2.04 4.04B 6.08

15.0 100.00£0.00*  100.00+0.00°  100.00+0.00"

15.0-19.0  100.00+0.00°  100.00+0.00" —

21.0 100.00£0.00°  100.00+0.00° 96.67+3.33"

21.0-25.0  100.00£0.00°  100.00+0.00° —

27.0 98.33+0.00° 95.00+1.67° 81.67+0.18°

29.0 95.00+1.67° — —

31.0 83.33+0.00¢ 80.00+1.67° —

33.0 0.00+0.00° — 0.00+0.00°

35.0 — 0.00+0.00¢ —

TE: WV Ehs/NG P REAR R 0K 28 7 1 25 (P<0.05), [RIFTR
P EARRE FREAN A 265 22 5 .25 (P<0.05).
Note: Values in each column with different superscripts are sig-
nificantly different (P<0.05), and in each row with different capital
superscripts are significantly different (P<0.05).

KBESAPMT 210 C, BT 20 CMd 5
4.0 ‘C/d 4119 27.0 C. 2.0 “C/d F1 6.0 “C/d P4
SCHGHER 33.0 CAadfsbT, Hd 2.0 °C/d 455 ER

33.0 ‘CAETR 13 h, 6.0 °C/d HS2HUF 33.0 CHEWE
1 h 15 min, 4.0 ‘C/d 415CH0HF 35.0 'CA7iG 1 h
40 min, LA 2.0 “C/d ARG TG R 72,
THE & A R IR A S e SE TR 31.6 Co
222 mEiEE T B VT 70 2H e AR A il 3 RN
MDA & 8728 W3 3, T-AOC 1% PEBE IR THE A
Wrigfn, 4.0 C/d. 6.0 C/d HAIRE A T-AOC 7
PR EET 2.0 ‘C/d (P<0.05), 4.0 C/d 5
6.0 C/dZim ol %25, Whgh T 6.0 C/d41%K
P T8, JHEZE 27.0 CH 6.0 C/d 4HY
T-AOC B2 & T HAPI4 (P<0.05), #EllFHEE
31.0 ‘CH} 6.0 ‘C/d 4119 T-AOC /5 &= T HA4
W£H (P<0.05), M=% T-AOC & Fe e 45 140 Hr,
FHE R B3R 22t T-AOC 138 .
T-SOD {H & Wi Tt =, WA 17.0~ 25.0 CyaF N
BRI A 4.0 F1 6.0 C/AHBEST 2.0 C/d4H
(P<0.05); 2.0 ‘C/d 4H7F 15.0~19.0 °CH} TG K-
Jo i EAAL, THEZE 25.0 CHF T-SOD T &
KAEJG AN 1, 4.0 ‘C/dF16.0 C/HAHTF

®3 FARERMNBERKEBNAALENHZM

Tab. 3 Effectsof heating rate on antioxidant capacity of Palaemon gravieri

n=3; Xx+SD
VEL Y 322 /0 YE [/
ﬂﬁm% I (:/d) . {mE/tC T-AOC/(U/mgprot) T-SOD/(U/mgprot) CAT/(U/gprot) MDA/(nmol/mgprot)
cating rate emperature
15.0 2.71+0.09" 14.60+1.21% 15.52+0.70¢ 151.96+0.33¢
17.0 2.5240.05' 13.87+0.100¢ 15.74+2.61¢ 118.29+0.17"
19.0 3.90+0.038 14.20+0.880¢ 15.53+0.77¢ 137.00+0.058
21.0 4.30+0.02° 15.51+0.98% 18.88+1.20° 140.59+0.27"
2.0 23.0 4.4140.00° 17.02+0.82° 21.5042.49° 144.7740.02°
25.0 4.88+0.01¢ 20.40+0.89* 26.35+2.09" 155.35+0.08°
27.0 4.50+0.02¢ 20.39+0.74° 28.31+0.90° 185.74+0.09°
29.0 5.28+0.04° 21.42+0.96" 31.97+0.54° 183.99+1.24°
31.0 6.88+0.05" 21.95+1.16" 31.50+0.50° 193.11+0.20°
15.0 2.70+0.05° 14.50+1.00¢ 15.91+1.71¢ 151.81+0.04¢
19.0 4.00+0.04¢ 16.52+0.99¢ 17.66+1.37¢ 133.78+0.12°
4.0 23.0 6.02+0.11° 18.63+0.84° 24.52+0.69° 155.42+0.87°
27.0 6.58+0.02° 21.29+0.97° 29.76+1.28° 187.32+0.76"
31.0 7.87+0.49" 21.27+0.83" 31.66%1.10° 192.92+0.04
15.0 2.70+0.02° 14.95+1.10° 15.81+0.90° 154.04+1.35°
6.0 21.0 4.69+0.04° 17.91+0.83° 23.07+1.07° 189.56+2.01°
27.0 7.28+0.02° 22.2940.25° 30.14+1.91° 207.44+0.27"

TE: RIZVER bR B R 27R 22 5 .35 (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).
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27.0 ‘CJ5 T-SOD A i Z 4, 3 41 T-SOD i 1
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BT 2.0 1 4.0 C/d 4T 27.0 CHIMH, HEitif
DUk T3 A 1 T 2 f 1S K MDA % i Kl
23 HEBRTHERKBNEEMRALE
sEA

231 TEiEE  IREIRAC L B K RIS R AR
R 4, FhFE 15~35 T, 96 h [N, SCERURAFIG 2R
[ SN2 TG 2EE L, AR LRI
FCARF AR ANE T 10 BIER I RAEA S AATi 32 fiE
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Tab. 4 Survival rate of Palaemon gravieri in salinity sudden change groups

n=3; Xx£SD; %
EhEE salinit
i [ /h time == Y
15 20 25 30 35
3-12 100.00+0.00 100.00+0.00 100.00+0.00 100.00£0.00 100.00+0.00
24 100.00+0.00 100.00+0.00 100.00+0.00 96.67+3.33 100.00+0.00
48 100.00+0.00 96.67+3.33 100.00+0.00 96.67+3.33 98.89+1.92
72 100.00+0.00 96.67+3.33 100.00+0.00 96.67+3.33 96.67+0.00
96 97.78+1.92 96.67+3.33 98.89+1.92 96.67+3.33 96.67+0.00
7 -
n=3; x+SD
6 #hpF salinity
S5 EEIS
g 22 20
£ 4r BN 25
2 B30
Q3 I35
Q BCe Ad
< 2L AdAcAsbAdAc .| ABaiZ2cpy Bd
= . ! Def Cab -
C
1k . .
0 3
24 48 72 96

it [E]/h time

Kl s REBRALT & LK T T-AOC 1 9284k
] — B (R 2R A /NG B AN ) R S ) 3 1 ) 22 53 8 5 (P<0.05), b KB B AN W] 327 AS ) i i) 4 22 57 i 3 (P<0.05).
Fig. 5 Changes of T-AOC activity in Palaemon gravieri under sudden salinity change

Different superscripts on each column in the same salinity group mean significantly different (P<0.05) between different salinity,
and different capital letters on each column mean significantly different (P<0.05) between different time.
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T, BRKEIMAN T-SOD iGMA i 2572 .

R IRAR A B [C K IR MDA & 28 fE LA 8,

16 n=3; x+SD

14 - 3/ salinity
o 12 EEI1S
2 E22420 5 ]
@100 BN =k =
S s EEE =8 =
5 35 =8 =
o 6r AdAcAbAdAde & :E . '
2 ® S =}
= 4 T = : =B

BeBef 5 .

B} [E]/h time

Ko HhIEPALT &I T-SOD {121k
] — B} 1) A AR/ NG TR AR R e A [ R B 7] 22 57 .35 (P<0.05), #E b KE TR R [ 26 AN [ i 1] 41 22 5 5 3% (P<0.05).
Fig. 6 Changes of T-SOD activity in Palaemon gravieri under sudden salinity change
Different superscripts on each column in the same salinity group mean significantly different (P<0.05) between different salinity,
and different capital letters on each column mean significantly different (P<0.05) between different time.

301 =3, xSD

25

N
S

AcAcAbAc Ade

CAT/(U/gprot)
Iy

—_
(=]

C
=
<d
3
3
3

AN

(9
OO

M0

EhF salinity
15
20
N 25
B30
7135

fif ] /h time

K7 HhEEBRA T B KT CAT i Pk 1k
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Fig. 7 Changes of CAT activity in Palaemon gravieri under sudden salinity change
Different superscripts on each column in the same salinity group mean significantly different (P<0.05) between different salinity,
and different capital letters on each column mean significantly different (P<0.05) between different time.
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Fig. 8 Changes of MDA content in Palaemon gravieri under sudden salinity change
Different superscripts on each column in the same salinity group mean significantly different (P<0.05) between different salinity,
and different capital letters on each column mean significantly different (P<0.05) between different time.
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Effects of temperature and salinity on the survival and antioxidant
capacity of Palaemon gravieri
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Abstract: Temperature and salinity are common and important environmental factors in aquaculture; the fluctua-
tion of these parameters may cause a large amount of reactive oxygen species (ROS) accumulation in organisms,
which can be toxic to cells. As such, antioxidant capacity needs to be increased in order to remove excessive ROS
and protect against cell damage. The antioxidant system is composed of enzymatic and non-enzymatic components,
which play an important role in antagonizing and removing ROS in aquatic fauna; this system includes superoxide
dismutase (SOD) and catalase (CAT). Additionally, malondialdehyde (MDA), one of the products of lipid peroxi-
dation (a reaction related to oxidative stress), is often used as an evaluation index. Palaemon gravieri is a common
cheap shrimp in the East China and Southern Yellow seas; there are limited studies on the effects of temperature
and salinity on Palaemon gravieri. To understand the effects of water temperature and salinity on Palaemon gra-
vieri, this study investigated the survival rate and antioxidant capacity of Palaemon gravieri under sudden tem-
perature and salinity changes and different heating rates. The sudden change of temperature experiment consisted
of one control group (temperature: 22.0 C; salinity: 25), four treatment groups (14.0, 18.0, 26.0, and 30.0 C;
salinity: 25), and three groups for the different heating rate experiments (2.0, 4.0, and 6.0 °C/d; salinity: 25). The
sudden change of salinity experiment consisted of one control group (salinity: 25; temperature: 22 C), and four
treatment groups (salinity: 15, 20, 30, and 35; temperature: 22.0 ‘C). The total antioxidant capacity (T-AOC), and
the superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA) activities in the hepatopancreas
were detected. The results showed that the survival rate had significantly decreased (P<0.05) only when the tem-
perature increased from 22.0 to 30.0 ‘C. At 96 h, the survival rate was <50.00%; however, the sudden change in
salinity had no significant effect on the survival rate. In the different temperature rise experiments, there was no
significant difference in survival rate between the 4.0 ‘C/d group and the other two groups; however, there was a
significant difference in survival rate between the 2.0 and 6.0 C/d groups (P<0.05), and the half survival tem-
perature was 31.6 ‘C based on the change in the 2.0 ‘C/d survival rate. The activities of the three antioxidant
enzymes and the MDA content was observed to gradually rise, and this accelerated with an increase to the heating
rate. The change of temperature rising rate was found to not affect the maximum SOD and CAT during heating,
while the maximum T-AOC and MDA increase with the heating rate. In the sudden change of temperature experi-
ment, the activities of three antioxidant enzymes and the MDA content had initially increased, then decreased to
the control level; the exception to this was T-SOD, which did not decrease to the control level at 96 h. In the sud-
den change of salinity experiment, the T-SOD and CAT activities initially decreased, then increased, and finally
decreased. By contrast, the activity of T-AOC and the MDA content initially increased, then decreased; at 96 h, the
MDA content was lower than that of the control group. These results indicate that changes in temperature and sa-
linity may cause significant changes in the antioxidant capacity in the body. In addition, changes in temperature
had a significant effect on the shrimp survival rate compared to salinity; the effect of temperature increase was
more significant than that of temperature decrease. This study advances research on the stress resistance of shrimp
and the culturing of Palaemon gravieri.
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