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The present study investigated the effect of dietary copper on alleviation the nitrite stress on the juvenile 

oriental river prawn, Macrobrachium nipponense. Under two levels of nitrite (low nitrite: 0.01 mg/L; high 

nitrite: 1.90 mg/L), four semi-purified diets with graded levels of copper (0, 30, 60 and 180 mg/kg diet) as 

CuSO4⋅⋅⋅⋅5H2O were fed to juvenile prawn (initial weight 0.103 ± 0.003 g) for 8 weeks. Growth and antioxidant 

ability of prawns with low nitrite were higher than those of prawns with high nitrite. Prawns fed with Cu of 

30 and 60 mg/kg diet had significantly higher weigh gain, specific growth rate and antioxidant enzymes 

(T-AOC, Cu-Zn SOD and GPx) activities than those prawns fed diets with copper deficiency and excess 

regardless of nitrite level (P < 0.05). MDA was the highest in prawns fed diets supplemented with 180 mg/kg 

and the lowest in 30 mg/kg group (P < 0.05) regardless of nitrite level. The present study indicated that 

nitrite stress could inhibit growth and antioxidant ability in prawn, but supplemented Cu of 30-60 mg/kg 

diet could alleviate these adverse effects of nitrite. 
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INTRODUCTION 

 

Nitrite has become one of the common stresses in aquatic 

animal with the aggravation of water pollution and intensive 

cultivation development. Nitrite is an intermediate product of 

bacterial nitrification and denitrification, and can adversely 

affect the physiological function in organism especially 

aquatic animal (Mevel and Chamroux, 1981; Jensen, 2003; 

Knudsen and Jensen, 1997). For crustacean species, water 

nitrite exposure typically results in the delay of larval 

development (Mallasen and Valenti, 2006), reduction of 

survival, weight gain and reproduction (Hayd et al., 2014), 

damage of gill histological structure (Romano and Zeng, 

2009) and moulting frequency leading to precocity of 

crustacean species (Koo et al., 2005). But so far, information 

on release of nitrite from the aspect of nutritional 

manipulation for aquatic animals is still limited, though 

researchers have found that dietary manipulation can be a 

practical way to alleviate the damage of stress on organism 

(Teles, 2012).  

Copper (Cu) is the fundamental trace elements to normal 

physiological function of animals, and its importance is well 

documented (O'Dell, 1976). Physiologically, Cu is a 

co-factor for some enzymes such as cytochrome c oxidase, 

tyrosinase, superoxide dismutase (SOD) (Lall, 2002; 

Watanabe et al., 1997). The optimal dietary Cu requirement 

in crustacean has been reported to be in the range of 15-50 

mg/kg (Sun et al., 2011; Lee and Shiau, 2002; Davis et al., 

1993), much higher than that in fishes of 2-6 mg/kg (Gatlin 

and Wilson, 1986; Tan et al., 2011; Shiau and Ning, 2003). 

Studies have also shown that moderate dietary Cu increase 

animal oxidative activity and antimicrobial infection ability 

(Hill, 1980; Lee and Shiau, 2002; Wang et al., 2009). Xian et 

al. (2013) found that feeding with Cu of 25-55 mg Cu/kg 

could effectively reduce the oxidative damage for 

hemocytes caused by nitrite stress, but excessive feeding 

with Cu of 110 mg/kg would exacerbate  the  damage  on  
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hemocytes. But till now, it is not clear whether dietary 

supplement moderate Cu can relieve the nitrite stress 

damage on prawn and the positive physiological effect of Cu 

was suppressed by nitrite exposure.  

Therefore, the purpose of the present study was to 

investigate the effect of dietary copper levels on growth and 

antioxidant activities in oriental river prawn which is a 

traditional and popular aquaculture species in P.R. China, 

Japan and other South-East Asian countries under nitrite 

stress. Results will provide basis information to alleviate 

nitrite stress by dietary manipulating for aquatic animals.  

 

 

MATERIALS AND METHODS 

 

Diet preparation 

 

The basal diet was formulated using casein and fish meal as 

protein sources, fish oil and soybean oil as lipid sources. 

Copper sulfate (Analytical Reagent, Shanghai Chemical Co., 

Shanghai, China) was added to a basal diet at 0, 30, 60, and 

180 mg/kg dry diet with corresponding decreases in the 

amount of cellulose. Process of diet preparation was similar 

to that described by Li et al. (2010). Copper concentrations 

in the diets were analyzed by flame atomic absorption 

photometry (AOAC, 1990) to be 1.9, 33.9, 62.7 and 179.1 

mg/kg, respectively. Contents of crude protein, crude lipid 

and ash in feed were analyzed to be 40.3%, 7.78% and 

7.39%, respectively. The dry pellets were sealed in plastic 

bags and stored at -20°C until use. The compositions of the 

experimental diet are given in Table 1. 

 

Experimental procedure 

 

All juvenile prawns were obtained from a farm in huzhou 

(Zhejiang, China). Prior to the experiment, prawns were 

acclimatized to the laboratory conditions for 2 weeks. At the 

beginning of the experiment, healthy prawns were randomly 

selected with an average initial weight of 0.103±0.003 g. 

Prawns were fed on four experimental diets and subjected 

to two levels of nitrite (low level: 0.01 mg/L, high level: 1.90  
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                                  Table 1 Ingredients and approximate compositions of experimental diets (%) 

 

Ingredient Percentage dry weight 

Casein
a
  30 

Fish meal
b
 20 

Corn starch 26 

fish oil
c
 4 

Soybean oil
d
 2 

Vitamin mix
e
 2 

Cu-free mineral mix
f
 3 

Attractant
g
 3 

Cholesterol
h
 0.5 

Choline chloride
h
 0.5 

lecithin
h
 0.5 

cellulose
h
 6.5 

sodium carboxymethylcellulose
h
 2 

Proximate composition  

Crude protein  40.3 

Crude lipid 7.78 

Crude ash 7.39 

 

a
: Sigma-Aldrich Co., Shanghai, China 

b
: Tecnologica De Alimentos U.S.A. 

c:
 Xiamen Xinsha Pharmaceutical Co. Ltd, Xiamen, China. 

d
: National Golden Dragon Fish Co. Ltd, Shanghai, China. 

e
: Vitamin mixture(mg/100g mixture): vitamin A 420000IU; vitamin C 6000mg; α-tocopherol acetate 2000mg; vitamin D3 

120000 IU; vitamin K 1000mg; vitamin B1 1000mg; vitamin B2 1000mg; vitamin B6 1600mg; vitamin B12 2mg;niacin 5000mg; 

folic acid 400mg; inositol 6000mg; biotin 10mg; calcium pantothenic 3500mg;Hangzhou Minsheng Bio-Tech Co., Ltd., China. 

f
: Composition of mineral mixture(g kg

-1
 diet): KCl 0.84, MgSO4.7H2O 3, NaH2PO4 6.45, KH2PO4 3, Ca(H2PO4)2.H2O 7.95, 

CaCO3 3.15, C6H10CaO6.5H2O 4.95, FeC6H5O7.5H2O 0.36, ZnSO4.7H2O0.1428, MnSO4.H2O  0.0321, AlCl3.6H2O 0.0045,  

CoCl2.6H2O 0.042,  KI 0.0069. 

g
: alanine 0.6%, glycine 0.6%, glutamic acid 0.6%, betaine 1.2%.  

h
: China National Medicine Corporation Co., Ltd, Beijing, China. 
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mg/L) leading to in all of 8 experimental groups that were 

carried out in forty 300 L tanks with 50 prawns per tank (five 

replicates per group). Prawns were fed to apparent satiation 

by twice a day (0800 and 1700h). One third of the tank water 

was exchanged daily to maintain water quality. The 

temperature of water ranged from 26°C to 30°C, dissolved 

oxygen was maintained above 6.5 mg/L during the feeding 

trial. Prawns were exposed to a natural photoperiod and fed 

to for 8 weeks. The Cu concentration in rearing water was 

also monitored regularly and ranged from 1.2 to 1.6 µg/L in 

tanks during the trial.  

 

Sample collection 

 

At the end of the feeding trial, the prawns were not fed 24h 

before sampling. Hepatopancreas were dissected and 

stored at -80°C. The concentration of maleic dialdehyde 

(MDA) and activities of total antioxidant competence 

(T-AOC), copper-zinc superoxide dismutase (Cu-Zn SOD) 

and glutathione peroxidase (GPx) of hepatopancreas were 

determined. 

 

Analysis and measurement 

 

At the end of the feeding trial, the prawns were not fed 24h 

before being weighted. All prawns were counted and 

weighed. Survival rate = 100 × (final prawn number) / (initial 

prawn number), weight gain (WG) = 100 × (final body weight 

- initial body weight)/initial body weight and specific growth 

rate (SGR) = 100 × [ln(final weight) - ln(initial weight)]/(days) 

were calculated. 

Crude protein, crude lipid and ash in diets were measured 

following standard methods (AOAC, 1990). Crude protein 

was analyzed with Kjeldahl method, crude lipid was 

measured by the ether extraction method using the Soxhlet 

system (2055 Soxhlet Avanti; Foss Tecator, Hoganas, 

Sweden) and ash content was determined by a muffle 

furnace at 550
o
C overnight.  

MDA was measured by thiobarbituric acid (TBA) method  

(Buege and Aust, 1978). T-AOC was determined based on 

 

 

 

 

the Fe
3+

 reduction process (Tang et al., 2005).Cu-Zn SOD 

activity was analyzed according to the method of Xanthine 

oxidase (Elstner and Heupel, 1976). Reduced GSH in the 

enzymatic reaction was analyzed to determine GPx activity 

(Sedlak and Linday, 1968).  

 

Statistical analysis 

 

All data are expressed as mean ± S.D. A two-way analysis 

of variance (ANOVA) in the general linear models (GLM) 

procedure of SPSS 16.0 with three levels of dietary Cu and 

two levels of nitrite as the main effects was used to 

determine significant difference between groups. The 

significant variance was set at P < 0.05. If a significant 

interaction was detected between the main effects, then the 

differences between treatment means were compared by 

Turkey multiple range tests. 

 

 

RESULTS 

 

As shown in Table 2, survival rate of prawns was not 

affected by the dietary copper levels and water nitrite levels, 

although the survival rate were relatively lower in the groups 

of high nitrite (P > 0.05). High nitrite decreased weight gain 

(WG) and specific growth rate (SGR) of prawns compared to 

low nitrite in all diets (P < 0.05). Prawns in the 30 and 60 

mg/kg groups exhibited significantly higher weight gain and 

SGR than prawns in the 0 and 180 mg Cu/kg groups 

regardless of nitrite levels (p < 0.05). 

High nitrite resulted in a decrease of hepatopancreas 

copper-zinc superoxide dismutase (Cu-Zn SOD), 

glutathione peroxidase (GSH-Px) and total antioxidant 

capacity (T-AOC) activities of prawns compared to low nitrite 

in all diets (P < 0.05, Table 3). Cu-Zn SOD, GSH-Px and 

T-AOC activities in the prawns supplemented with Cu of 30 

and 60 mg /kg were significantly higher than those in the 

prawns supplemented Cu of 0 and 180 mg/kg
 
regardless of 

nitrite levels (P <0.05). Hepatopancreas  malondialdehyde  
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         Table 2 Effect of dietary copper level on growth performances of juvenile Macrobrachium nipponense under nitrite exposure (mean ± SD, n=5) 

 

Nitrite level 

(mg/L) 

Cu level 

(mg/kg) 
WG (%) SGR (%/d) Survival (%) 

0.01 0 693.98±28.03
Bb

 3.70±0.06
Bb

 79.97±5.65 

 30 729.71±36.54
Cb

 3.78±0.08
Cb

 84.09±4.02 

 60 725.24±43.65
Cb

 3.77±0.09
Cb

 83.28±4.96 

 180 658.45±29.92
Ab

 3.62±0.07
Ab

 80.46±3.47 

1.90 0 632.62±34.40
Ba

 3.55±0.08
Ba

 78.55±3.71 

 30 698.45±16.44
Ca

 3.71±0.04
Ca

 82.78±3.13 

 60 706.99±28.48
Ca

 3.73±0.06
Ca

 82.53±4.77 

 180 609.13±28.57
Aa

 3.50±0.07
Aa

 78.04±4.83 

ANOVA 

P value 

Cu 0.000 0.000 0.064 

Nitrite 0.000 0.000 0.297 

Cu × Nitrite 0.447 0.357 0.980 

 

A, B, C, D
 For variable with a significant effect of dietary Cu (P < 0.05).

 

a, b
 For variable with a significant effect for ambient nitrite  (P < 0.05) 

 

 

 

 

Table 3 Effect of dietary copper level on hepatopancreas antioxidant activities and lipid peroxidation of juvenile Macrobrachium nipponense under nitrite 

exposure (mean ± SD, n=3) 

 

Nitrite level 

(mg/L) 

Cu level 

(mg/kg) 

MDA 

(nmol/mg 

prot) 

Cu-Zn SOD 

(U/mg prot) 

GSH-Px  

(U/mg
 
prot) 

T-AOC  

(U/mg prot) 

0.01 0 7.28±0.57
Ca

 11.88±1.50
Ab

 104.63±5.10
Ab

 20.96±1.83
Ab

 

 30 3.82±0.58
Aa

 19.69±1.02
Bb

 180.59±4.36
Cb

 26.08±0.98
Cb

 

 60 5.88±0.30
Ba

 21.06±0.76
Cb

 188.76±8.49
Db

 26.66±0.77
Cb

 

 180 10.49±1.23
Da

 10.76±1.12
Ab

 157.84±2.32
Bb

 21.16±1.41
Bb

 

1.90 0 12.72±0.69
Cb

 8.79±0.82
Aa

 83.68±5.11
Aa

 13.98±1.40
Aa

 

 30 5.28±0.50
Ab

 17.70±1.37
Ba

 162.81±7.06
Ca

 22.46±0.64
Ca
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                 Table 3. Continue 

 60 8.21±0.97
Bb

 20.14±0.22
Ca

 173.28±4.33
Da

 24.34±0.49
Ca

 

 180 15.81±0.51
Db

 10.32±0.47
Aa

 139.52±4.93
Ba

 17.90±1.54
Ba

 

ANOVA  

P value 

Cu 0.000 0.001 0.000 0.000 

Nitrite 0.000 0.000 0.000 0.000 

Cu × Nitrite 0.000 0.140 0.860 0.023 

 

A, B, C, D
 For variable with a significant effect of dietary Cu (P < 0.05).

 

a, b
 For variable with a significant effect for ambient nitrite (P < 0.05). 

 

 

 

(MDA) content in the prawns of high nitrite was significantly 

higher than low nitrite group in all diets (P < 0.05). MDA 

content in prawns supplemented with Cu of 30 mg/kg 

exhibited the lowest value, and successively increased in 60 

mg/kg, 0 mg/ kg and 180 mg/kg groups regardless of nitrite 

levels (P < 0.05). Significant interactions were detected 

between dietary Cu and water nitrite levels on MDA content 

and T-AOC activity (P < 0.05).  

 

 

DISCUSSION 

 

In this study, high nitrite significantly reduced the growth 

performance of M. nipponense. Growth performance is 

commonly used as an indicator in chronic stress experiment 

for its sensitivity and credibility. (De Boeck et al., 1997). 

Literatures have showed that chronic nitrite stress could 

suppress the growth of Gadus morhua (Siikavuopio and 

Sæther; 2006), M. amazonicum (Hayd et al., 2014) and 

Penaeus monodon (Chen and Chen, 1992). It could be the 

reason that animal increased energy demand to maintain 

metabolism in response to environmental stresses (Iwama, 

1998; Chen and Lai, 1992), and more nutrients were 

employed to energy expenditure, and resulted in the 

decrease of growth (Frances et al., 1998). Besides, nitrite 

stress can affect the efficiency of feed utilization and the 

intake of feed, leading to the reduction of growth (Koo et al., 

2005). Survival rate of prawn was not significantly affected 

by nitrite exposure, which is in agreement with the findings 

in P. monodon (Chen and Chen, 1992), implying that prawns 

can tolerate higher nitrite concentration as 1.9 mg/L (Colt et 

al., 1981).  

Prawns fed diets with Cu of 30 and 60 mg/kg gained better 

growth than 0 and 180 mg /kg groups in this study, showing 

that the requirement of dietary copper for M. nipponense 

would be around 30-60 mg/kg, but more studies should be 

conducted to determine the precise values. Similar result 

was found in Chinese mitten crab, crabs fed with Cu of 

20.78-40.34 mg/kg gain better growth, dietary Cu deficit and 

excess decreased growth (Sun et al., 2013).  

Previous study showed that short-term nitrite stress 

increased oxygen free radicals in prawn (Wang et al., 2004), 

whereas free radicals can attack biomolecules, destroy 

protein and result to lipid peroxidation (Hermes-Lima, 2004). 

Malondialdehyde (MDA) is a final product of lipid 

peroxidation. It is commonly used as an indicator of 

endogenous oxidative damage. Normally, to reduce 

oxidative stress and maintain the poise state of free radicals, 

organisms have developed various antioxidant defenses, i.e. 

specialized antioxidant enzymes SOD to eliminate the 

negative effect of free radicals (Fattman et al., 2003; 

Nozik-Grayck et al., 2005). In the present study, high nitrite 

significantly increased MDA content of prawn. Similar result 

was seen in Litopenaeus vannamei (Liao et al., 2012). This 

illustrated that nitrite induce the unbalance of free radicals in 

prawn and resulted in oxidative stress. So the Cu-Zn SOD,  



 

 

 

 

 

 

GSH-Px and T-AOC activities in prawns of high nitrite group 

were lower than that prawns of low nitrite group. Wang et al. 

(2004) found that acute exposure of 4-13.3 mg/L nitrite also 

significantly decreased SOD, CAT and GSH-Px activities in 

prawn, on the contrary, acute exposure of 2 mg/L nitrite 

increased SOD activity. It is the reason that short-term nitrite 

exposure induced a phenomenon of stress-intoxication 

effect to SOD activity (Stebbing, 1982). Thus improve the 

ability of organism to cope with stress. The 

stress-intoxication effect phenomenon was diminished and 

enzyme activity gradually decreased with the time elapsing 

(Parihar et al., 1997; Hong et al., 2011). So the results of our 

present study and Wang et al. (2004) don’t conflict with each 

other. Nitrite stress reduced the ability of scavenging free 

radical in prawn and induced oxidative stress. 

Researchers have found that optimal dietary Cu 

significantly enhanced organism antioxidant ability, whereas 

Cu deficit or excess induced oxidative stress, decreased 

antioxidant ability (Wang et al., 2009; Shao et al., 2012). 

Similarly, in present study, Cu-Zn SOD, GSH-Px and T-AOC 

activities were significantly affected by dietary Cu level 

regardless of nitrite levels, supplement with Cu of 30-60 

mg/kg significantly enhanced antioxidant ability of prawn. 

So our study showed that the positive effect of Cu to 

physiological function in prawn wan not suppressed by 

nitrite of 1.9 mg/L, fed with Cu of 30-60 mg/ kg effectively 

release the nitrite stress on prawn. 

Overall, M. nipponense growth and antioxidant activity 

were affected by the dietary Cu concentrations and water 

nitrite levels. High nitrite resulted to a decrease in growth 

and antioxidant ability of prawn. Diets supplemented with 

Cu of 30-60 mg /kg could effectively reduce oxidative 

damage of nitrite stress on prawn, but excess dietary Cu 

would intensify this damage on prawn. 
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