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Tab.1 Composition of the basal diet

% DM

Ingredient Content Ingredient Content

Fish meal   3.0 Soybean oil 2.0
 Soybean meal 18.5  Vitamin mix 0.1
 Rapeseed meal 20.0  Mineral mix 0.5

 Root of malt 10.0 Calcium phosphate 1.2
 Cottonseed meal 12.0 Cellulose 2.7
 Wheat middlings 24.0  Crude rice bran 5.0
 Soybean lecithin   0.5 Choline chloride 0.5

 Crude protein 30.3  Crude ash 7.3
 Crude lipid   3.3  Energy kJ g 1 7.3

.
Note Vitamin mix and mineral mix from GuangZhou Fishtech Fisheries Science and Technology Co.Ltd.
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Superoxide dismutase SOD

Total antioxidant compe-
tence T-AOC 722

ROS Fenton

1.5
X SD

SPSS
ANOVA

Duncan s 0.05

2

2.1 GSH
8

GSH

P > 0.05
2

2.2 GSH MDA
3 GSH

P<0.05 GSH GSH
200  mg kg P<0.05

GSH
300 mg kg 400 mg kg 500 mg kg

MDA P<0.05
300 mg kg

100 mg kg 200 mg kg MDA
MDA

GSH 100 mg kg 300 mg kg
GSH

GSH
GSH MDA

2 GSH
Tab.2 Effects of dietary GSH on growth survival rate and FCR of Ctenopharyngodon idella

n=4 X ± SE

GSH / mg kg 1

Level of GSH in diet
/%

Weight gain FCR
/%

Survival rate
0 478.14 10.87 2.35 0.07 97.50

100 499.91 10.07 2.35 0.07 98.88
200 500.401 11.70 2.18 0.16 98.33
300 464.911 27.27 2.50 0.11 99.16
400 478.24 18.59 2.44 0.10 97.50
500 482.18 17.23 2.50 0.09 97.50

3 GSH MDA
Tab.3 Contents of GSH and MDA in hepatopancreas muscle and serum of Ctenopharyngodon idella 

    juveniles at different dietary GSH levels n=4 X ± SE

Item
GSH / mg kg 1 Level of GSH in diet

0 100 200 300 400 500
 Liver

GSH 32.44 2.14a 38.95 3.46a 52.42 2.84b 36.73 0.41a 35.21 6.64a 38.12 7.78a

MDA 21.41 4.00a 12.33 5.66ab 10.91 1.18ab 6.49 1.40b 9.99 0.84b 9.17 2.24b

 Muscle
GSH 17.19 1.31a 30.07 3.24b 33.05 2.77b 34.01 3.94b 32.98 2.75b 34.63 0.48b

MDA 3.44 0.71a 1.59 0.21b 2.67 0.44ab 1.57 0.20b 2.61 0.46ab 2.14 0.54ab

 Serum
GSH 176.07 6.25 175.17 17.78 176.54 19.57 201.54 12.54 177.32 17.96 191.38 25.17
MDA 10.82 1.14 10.62 0.79 9.55 0.59 9.84 0.94 10.92 0.21 10.38 0.29

P<0.05 .GSH mg g 1 prot MDA nmol mg 1 prot.
Note Values with different supscripts in the same line are signi cantly different P<0.05 . The unit of GSH is mg g 1 prot the unit of MDA is 
nmol mg 1 prot.
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4 GR -GT  
Tab.4 GR and -GT activities of hepatopancreas and muscle in Ctenopharyngodon idella juveniles at 

     differemt dietary GSH levels n=4 X ± SE

Item

GSH / mg kg 1

Level of GSH in diet

0 100 200 300 400 500

GR

liver 18.42 0.78a 17.39 1.17a 22.52 1.79ab 21.68 2.90ab 25.59 2.24b 20.98 0.32ab

muscle  3.02 0.31  3.10 0.46 3.07 0.72 3.84 0.33 4.08 0.07 4.92 0.93

-  -GT

liver 28.64 2.43a 56.42 4.24a 45.72 1.23a 150.32 15.83b 85.80 8.74ab 31.79 7.08a

muscle   6.28 2.17a    8.01 1.49ab 16.39 2.71b  10.69 4.68ab   9.91 0.40ab  11.25 1.26ab

P<0.05 . GR U g 1 prot -GT IU L 1.
Note The different letters in the same line show signi cant difference P<0.05 . The unit of GR activity is U g 1 prot the unit of -GT activity 
is IU L 1.

5 GSH-PX SOD T-AOC ROS
Tab.5 GSH-PX and SOD activities T-AOC and ROS contents in hepatopancreas of Ctenopharyngodon idella 

juveniles at different dietary GSH levels
n=4 X ± SE U mg 1 prot

Item
GSH / mg kg 1 Level of GSH in diet

0 100 200 300 400 500

GSH-PX   6.77 1.14a 11.51 1.48bc   13.91 1.12c    8.12 1.18ab    8.53 0.85ab    9.61 1.43ab

SOD 16.91 3.02a 32.08 1.80bc   37.92 3.49c 27.60 1.59b 27.67 2.75b 27.70 1.66b

T-AOC   1.74 0.54a   1.75 0.07a     2.59 0.12b    1.94 0.30ab    2.19 0.18ab   1.83 0.14a

ROS 236.87 24.63a 125.67 25.67b 103.44 8.65b 80.63 7.73b 121.38 19.17b 139.37 10.32b

P<0.05
Note Values with different letters in the same line are  signi cantly different P<0.05

2.3 GR -
-GT

4 GSH
GR 400 mg kg

GR
-GT

-GT GSH
300 mg kg P<0.05

-GT 200 mg kg
P<0.05

2.4 GSH-PX SOD T-AOC
ROS

5 GSH
GSH-PX

100 mg kg 200 mg kg
P<0.05 SOD

P<0.05 200 mg kg
T-AOC 200 mg kg

GSH ROS
300 mg kg

2.5 GSH-PX T-AOC ROS
6 GSH GSH-PX

200 mg kg
T-AOC

300 mg kg P<0.05
ROS 400 mg kg

P<0.05
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GSH-PX SOD GR

PUFA 12 13

14 15 16

17

MDA
MDA

6 GSH-PX T-AOC ROS
Tab.6 GSH-PX activity T-AOC and ROS contents in serum of Ctenopharyngodon idella juveniles 

     at varying dietary GSH levels n=4 X ± SE U mg 1 prot

Item
GSH / mg kg 1 Level of GSH in diet

0 100 200 300 400 500
GSH-PX 312.15 5.94 321.07 12.93 341.85 26.30 326.68 4.44 315.12 11.48 323.05 18.63
T-AOC   7.63 0.01   7.93 0.16   8.04 0.10      8.08 0.06 a   7.49 0.23   7.33 0.43

ROS 494.10 28.94a 422.23 0.98ab 410.47 6.65ab 375.41 23.78ab 319.42 27.95b 395.28 36.57ab

P<0.05
Note P<0.05
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Effects of dietary glutathione on tissue glutathione retention and anti-oxidative 
activities in juvenile grass carp Ctenopharyngodon idella

ZHU Xuan CAO Jun-ming ZHAO Hong-xia ZHANG Hai-tao
Institute of Animal Science Guangdong Academy of Agricultural Sciences Guangzhou 510640 China

Abstract An 8-week feeding experiment was conducted to study the effects of dietary glutathione on tissue GSH 
retention and anti-oxidative activities in juvenile grass carp Ctenopharyngodon idella initial body weight 4.09 

0.01 g Fish were fed with practical diets with different levels of GSH supplementation  0 mg kg 100 mg
kg 200 mg kg 300 mg kg 400 mg kg 500 mg kg . GSH content in muscle showed signi cant increase with 
GSH supplementation P<0.05 but hepatopancreas GSH content in hepatopancreas only showed significant 
increase in the trial of 200mg kg GSH diet P<0.05 . Dietary GSH could decrease the malondialdehyde MDA  
contents in hepatopancreas and muscle signi cantly P<0.05 but had no obvious effects on GSH and MAD 
contents in serum P>0.05 .The activity of glutathionereductase GR  in hepatopancreas increased and reached 
the highest in the trial of 400 mg kg GSH diet P<0.05 and increased signi cantly in muscle in all the trials 
compared with control P>0.05 . The -glutamyl transferase -GT  levels in hepatopancreas and muscle 
were increased significantly in trials of 300mg kg and 200 mg kg GSH diet P<0.05  .Dietary GSH could 
improve total antioxidant competence T-AOC  activity glutathioneperoxidase GSH-PX  and superoxide 
dismutase SOD  levels in hepatopancreas. Those indicators showed significant increases at 200 mg kg GSH 
supplementation P<0.05 but the levels of GSH-PX and T-AOC in serum didn t change signi cantly compared 
with control P>0.05 .Supplementation of GSH at 300 mg kg could signi cantly decrease hepatopancreas ROS 
content P<0.05  and with the addition at 400 mg kg could decrease ROS content in serum too P<0.05 . The 
results suggested that dietary GSH supplementation could increase GSH GR and -GT levels in hepatopancreas 
and muscle and improve GSH-PX SOD and T-AOC activities in hepaopancreas and the content of MDA or 
ROS in hepaopancreas as well as the MDA content in serum decreased respectively due to GSH addition. Journal 
of Fishery Sciences of China 2008 15 1 160 166
Key words Ctenopharyngodon idella GSH GSH retention anti-oxidative function
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