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Introduction 
 

The demand for aquaculture has increased 

which led to the development of new 

production systems. Inland saline aquaculture 

is one of the newly emerging areas of 

aquaculture research and has been developing 

throughout the world. Inland saline 

aquaculture is defined as the land-based 

aquaculture using saline ground water, occurs 

in several countries including Australia, 

China, Egypt, Iraq, Mexico, USA, Pakistan, 

Turkey, and India. Salinization is caused due  

 

 

 

 

 

 

 

 
 

 

to water logging, poor drainage, 

indiscriminate use of inorganic fertilizers, 

non-utilization of ground saline water and 

various anthropogenic causes. The gradual 

increase of ground water levels with time 

causing secondary salinization and water 

logging with poor water quality.  

 

In India, around 6.75 million ha of 

agricultural land has been badly affected by 

the problem of soil salinity (Mandal et al., 
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Inland saline water (ISW) are deficient in potassium with high levels of calcium and 

variable concentrations of magnesium, large steps were taken to balance these essential 

ions using commercial fertilizers for growth of Litopenaeus vannamei. Since these 

methods needs large quantities of fertilizers and involves high cost, the present study was 

made to explore the use desired mineral supplements through feed rather than in water. A 

60 days trial was conducted to investigate the effect of different dietary levels of K
+
, Mg

2+
 

on L. vannamei juveniles in two types of water namely raw (R-ISW) and 100% K
+
- Mg

2+
 

fortified water (F-ISW) as sea water at constant salinity 10 ppt. Three gelatin coated diet 

were formulated with varied K
+
 and Mg

2+
 levels (K

+
 = 5 g/kg, Mg 

2+
 = 150 mg/kg, K

+
= 10 

g/kg, Mg
2+

= 300 mg/kg, K
+
 = 15g/kg, Mg

2+
 = 450 mg/kg) and commercial shrimp feed 

serves as basal diet. There is a significant difference in enzymatic activity in all treatments 

regarding with or without supplemented feed in F-ISW and R-ISW. Enzymatic activity of 

hemolymph parameters, SOD, Catalase, AST, ALT and total haemocyte counts were 

significant different (P<0.05) in both F-ISW with dietary minerals ions alteration and in F-

ISW without supplemented feed as compared to other treatments. There was a significant 

(P<0.05) higher difference in digestive enzymes in F-ISW compared to other treatments. 

The present study indicates that there is stress for treatments where lack of dietary mineral 

ions in ISW compared to F-ISW. 
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2010). The states viz. Haryana, Uttar Pradesh, 

Punjab, and Rajasthan contribute about 40% 

to these salt affected lands in the country. To 

resolve this problem, the inland saline 

aquaculture has been identified as the most 

suitable and potential option because it 

involves culture of various species of marine, 

euryhaline, diadromous or freshwater-salt 

tolerant species in ground saline water from 

inland locations. The quality of Inland saline 

water is quite different than natural seawater, 

mainly in ionic composition. Potassium 

concentration is very low as compared to 

natural sea water at different salinities. 

Similarly, high levels of calcium and 

variables levels of magnesium in Inland saline 

water (ISW) (Lakra et al., 2014). 

 

To enhance the growth, survival, and 

production of shrimp reared in Inland saline 

water two different strategies have been 

employed by farmers and researchers. These 

strategies include water modification 

approaches which alter the low saline rearing 

medium as similar as sea water to make it 

more acceptable for the production of shrimp 

and nutritional strategies include dietary 

modification, usually with the 

supplementation of essential minerals that 

might provide an osmoregulatory advantage 

in ISW (Roy and Davis, 2010). 

 

A variety of aquatic species have been reared 

in Inland saline water around the world 

(Rahman et al., 2005). The inland culture of 

shrimp, predominantly the Pacific white 

shrimp is becoming more widespread in the 

Western hemisphere, which is native to the 

Pacific coast from Northern Peru to Mexico. 

L. vannamei is mainly found on mud bottoms 

of sea, down to a depth of 75 m. It is an 

omnivorous scavenger and is less aggressive 

and less carnivorous than P. monodon. 

Growth of L. vannamei, under confined 

culture conditions was similar to P. monodon 

till they attain 20g size. Beyond that growth 

rate is poor. The shrimp attains the size of 20g 

within a period of 100-120 days depending on 

stocking density (Lakra et al., 2014).  

 

Materials and Methods 
 

The present study was carried out on L. 

vannamei (Boone, 1931) fed with different 

dietary potassium and magnesium levels to 

assess the enzymatic performance between 

raw Inland saline water (R-ISW) with 

fortified feed and supplemented mineral ions 

both in water feed (F-ISW).  

 

The experiments have been carried out for a 

period of 60 days at ICAR-CIFE, Rohtak, 

Haryana, India. The specific pathogen free 

(SPF) L. vannamei (PL15) seeds were 

procured from Geekay Hatcheries, Nellore, 

Andhra Pradesh, India to the experimental 

site. Reared in earthen ponds for a period of 

30 days at 10 ppt salinity to obtain juveniles 

(3.19±0.18 g) for the experiment.  

 

The juvenile shrimps were collected from the 

pond, acclimatized and nursed FRP tanks for 

a period of 6 days with sufficient aeration and 

ad libitum feeding. 

 

The experiment consisted of three treatments 

with three different dietary potassium and 

magnesium levels by gelatin coating and a 

control. ISW with commercial shrimp feed 

(F4 feed) was used as control group (C), K
+
- 

Mg
2+

 fortified water (FW) with commercial 

shrimp feed was used as treatment T1, ISW 

with three different fortified feeds (FF) at K
+
 

= 5 g/kg, Mg
2+

= 150 mg/kg feed (F1 feed), K
+
 

= 10 g/kg, Mg
2+

= 300 mg/kg feed (F2 feed) 

and K
+
 = 15g/kg, Mg

2+
= 450 mg/kg feed (F3 

feed) were used as treatment T2, T3 and T4 

respectively, and FW with FF) at K
+
= 5 g/kg, 

Mg
2+

= 150 mg/kg feed, K
+
 = 10 g/kg, Mg

2+
= 

300 mg/kg feed and K
+
 = 15g/kg, Mg

2+
= 450 

mg/kg feed were used as treatment T5, T6 and 

T7 respectively. 
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5% homogenate extracts of muscle, 

hepatopancreas, intestine and gill extracts 

were prepared in 0.25 M sucrose solution. 

Quantification of protein of the different 

tissues was carried out by using Bradford 

method (Bradford, 1976). Haemolymph 

protein was determined by biuret method 

(Reinhold, 1953).  

 

Albumin was estimated by Bromocresol green 

binding method (Doumas et al., 1971). 

Globulin was calculated by subtracting 

albumin values from total haemolymph 

protein and A/G ratio calculated by dividing 

albumin values by globulin values. 

 

Total haemocyte count (THC) was performed 

immediately at the end of experiment by a 

Neubauer haemocytometer with a drop of 

anticoagulant haemolymph. THC was done 

by counting the haemocytes under an 

Olympus light microscope and expressed as 

cells ml
−1

 haemolymph.  

 

 
 

Where, N: Numbers of haemocytes counted  

 

Superoxide dismutase (SOD) was assayed 

according to the method described by Misra 

and Fridovich (1972) based on the oxidation 

of epinepherine–adrenochrome transition by 

the enzyme. Catalase (CAT) was estimated 

based on the methodology of Takahara et al., 

(1960).  

 

Aspartate aminotransferase (AST) and 

Alanine aminotransferase (ALT) activity were 

assayed in different tissue homogenates as 

described by Wooten (1964). Digestive 

enzymes such as amylase [by Dinitro-salicylic 

acid (DNS) method] and protease were also 

estimated (Rick and Stegbauer, 1974). 

 

Results and Discussion 

 

It is significant to note that, all the animals 

died within 3 days from the start of the 

experiment in control group (C), were the 

animals reared in R-ISW by using F4 feed 

which had no potassium and magnesium 

supplementation. Therefore control group has 

been excluded from this study. The 

haemolymph protein and albumin given in 

Table 1 were significantly higher (P<0.05) 

for T6, T5, T7 and T1 compared to other 

treatments. The highest serum globulin (Table 

1) was significantly higher (P<0.05) for T1, 

T5, T7, and T6 treatment. The lowest A: G 

ratio was observed in the T4 treatments. The 

total haemocyte counts of different treatments 

(Table 1) significantly higher (P<0.05) for T6 

followed by T1, T7 and lowest in T2 

treatments. 

 

Superoxide dismutase, Catalase activity, AST 

and ALT value in hepatopancrease of 

different treatments are given in Table 2, was 

significant difference (p<0.05) between all 

treatments for F-ISW having supplementation 

of mineral ions in both feed and water and 

among R-ISW treatment groups where no 

supplementation of potassium and magnesium 

in water. Protease and Amylase activity in the 

digestive tract were analyzed for all the 

treatments (Table 2), was significantly 

(P<0.05) higher in T6 treatments. Results 

clearly indicates, stress among the treatment 

where diet having absence of potassium and 

magnesium supplementation. 

 

Currently rearing of shrimp using Inland 

saline water (ISW) presents a good 

opportunity to expand the culture of marine 

species other than the coastal areas (Roy et 

al., 2009). In ISW as the production of shrimp 

continues to expand so there is a need to do 

cost effective methods for increasing the 

availability of necessary ions to the organism 

in order to ensure proper survival and growth. 
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As the application of agricultural fertilizers 

containing sources of K
+
 and Mg

2+
 directly to 

the pond water of ISW have been reported 

effective method for improving growth and 

survival but the method of dietary potassium 

magnesium fortification may either allow 

reductions in the levels of supplements added 

to the water or provided additional 

performance in these ISW (Roy, 2006). 

 

Riche (2007) stated that health condition, 

stress status and body condition of aquatic 

species can be measured using total 

haemolymph protein as a clinical indicator. 

Because, serum protein helps in ionic 

regulation and transport of the molecules 

which acts as a pathological defense agents 

(Rudneva and Kowrshina, 2011).  

 

Young chum salmon (Oncorhychus keta) 

exposed to various salinities showed lower 

serum total protein, albumin and globulin 

content (Liu et al., 2013). Among the 

haemolymph proteins, albumin and globulin 

are major proteins which play an important 

role in the immune response. The 

haemolymph globulins consist of several 

components like alpha beta and gamma. The 

gamma globulin fraction is the source of the 

all immune proteins in the blood.  

 

Changes in the levels of haemolymph 

components have been described earlier in 

shrimps, under several physiological 

conditions such as changes in protein 

composition in some penaeids related to sex 

and animal size (Chen and Cheng, 1993), 

environmental ammonia–N (Chen and Cheng, 

1995; and water salinity (Chen et al., 1994). 

Present study indicated that these must be 

particularly stressful to the shrimps and that 

haemolymph protein parameters level can 

potentially function as a stress indicator to 

monitor shrimp health status. Similarly 

Perazzolo et al., (2002) reported that 

reduction of in the haemolymph protein 

concentration of stressed shrimps is mostly 

due to deficiencies of mineral ions in the raw 

ISW, so that shrimps were not able to 

osmoregulate, resulting shrimp stressed, 

reduced growth, and even mortality but 

possibly also to specific immune proteins. 

 

Table.1 Haemolymph protein parameters and total haemocyte count of L. vannamei in different 

treatment groups. Means±standard error (n=3), followed by different superscripts indicates 

significant differences between treatments (p<0.05) 

 

Treatments Haemolymph 

Protein(g/dl) 

Albumin(g/dl) Globulin 

(g/dl) 

A/G THC(1*10
6 

/ml) 

T1 11.64
d
±0.15 3.02

e
±0.21 8.62

d
±0.25 0.35

b
±0.01 5.45

e
±0.02 

T2 9.83
b
±0.19 2.29

c
±0.22 7.53

a
±0.28 0.30

a
±0.01 2.54

a
±0.03 

T3 10.15
c
±0.24 2.60

d
±0.23 7.55

a
±0.23 0.34

b
±0.01 2.63

a
±0.05 

T4 9.51
a
±0.27 1.94

a
±0.23 7.56

a
±0.25 0.25

a
±0.02 2.92

b
±0.03 

T5 11.92
e
±0.28 3.47

g
±0.28 8.45

b
±0.22 0.41

d
±0.02 4.76

c
±0.03 

T6 12.15
f
±0.29 3.76

h
±0.21 8.38

b
±0.27 0.44

e
±0.01 7.36

f
±0.02 

T7 11.71
d
±0.29 3.27

f
±0.23 8.44

b
±0.27 0.38

c
±0.01 5.15

e
±0.01 
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Table.2 SOD, CAT, AST, ALT, Protease and Amylase activity of L. vannamei in different 

treatments groups; means±standard error (n=3), followed by different superscripts indicates 

significant differences control and treatments (p<0.05) 

 

Treatments SOD Catalase AST activity ALT activity Protease Amylase 

T1 1.75
a

±0.03 1.26
a

±0.01 110.96
b

±3.10 60.08
ab

±2.17 1.14
d
±0.05 0.1

e
±0.002 

T2 2.21
c

±0.05 2.18
c

±0.03 121.9
b

±2.22 66.14
b

±2.37 0.95
b
±0.01 0.07

b
±0.003 

T3 2.01
c

±0.03 2.06
c

±0.04 121.16
b

±2.18 58.87
a

±2.63 1.04
c
±0.01 0.07

d
±0.002 

T4 2.24
c

±0.05 2.17
c

±0.01 116.33
b

±5.71 58.87
ab

±4.48 1.0
c
±0.02 0.07

c
±0.003 

T5 1.69
a

±0.04 1.16
a

±0.01 94.3
a

±4.33 58.87
a

±4.41 1.14
d
±0.01 0.11

f
±0.002 

T6 1.65
a

±0.05 1.36
b

±0.01 87.59
a

±2.96 58.87
a

±1.37 1.22
e
±0.001 0.13

g
±0.002 

T7 1.81
a

±0.03 1.32
a

±0.06 92.06
a

±2.08 58.87
ab

±4.08 1.11
d
±0.03 0.1

e
±0.002 

 

It was recently shown that shrimp 

haemocytes, besides their role in cellular 

immune reactions, are the principal site of 

expression of genes encoding immune 

effectors (Gross et al., 2001). Therefore, a 

prolonged decrease in THC in cultivated 

shrimps exposed to some physiological or 

environmental stress. A decrease in THC is 

frequently reported in marine crustaceans 

exposed to certain stress conditions. Sanchez 

et al., (2001) described that the THC of male 

L. setiferus maintained in captivity for 7 days 

at 27 0C decreased by 43% in comparison to 

freshly caught shrimps. Similarly the THC of 

P. japonicus declined after experimental viral 

infection (Hennig et al., 1998) or after being 

fed with a commercial diet containing 

peptidoglycans. Few authors suggested that 

the THC reduction was probably due to the 

increase in haemolymph volume rather than 

to a real decrease in cell numbers same as in 

the present study result has shown that higher 

value of THC in T6 followed by T1, T7 and 

lowest in T2, followed byT3 and T4 treatment 

groups.  

 

Oxidative stress results when the antioxidant 

defenses are overcome by prooxidant forces 

and reactive oxygen species are not removed 

adequately (Sies et al., 1992). Living 

organisms are protected from the ROS by 

several defense mechanisms, including 

antioxidant enzymes such as SOD and 

Catalase. Superoxide dismutase (SOD is 

defined for scavenging superoxide radicals, is 

involved in defensive mechanisms within 

tissue injury for oxidative process and 

phagocytosis. The higher value of SOD 

indicates the more superoxide radicals need to 

be reacted. SOD activity depends on nutrient 

requirements, health enhancement, pollution 

stress monitoring, pesticide effects, disease 

indication, thermal or osmotic stress and other 

environmental factors. Basically, increase in 

SOD and Catalase indicates there are more 

radicals need to be reacted (Chien et al., 

2003). Therefore significant higher SOD and 

Catalase activity were found in R-ISW 

treatments where shrimp reared in ISW which 

was deficient in mineral ions leads to create 

problem in ion regulation and osmoregulation 

mechanism.  

 

In the present study, the AST and ALT 

activity was studied in the hepatopancreas, 

result has shown that the mean AST and ALT 

value in R-ISW treatments was higher than F-

ISW treatments as similar to the finding of 

Mohankumar and Ramasamy (2006) in 

Fenneropenaeus indicus but there were no 

significance difference (p<0.05) among the 

treatment groups. Several aminotransferases 
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in different tissues and organs including the 

hepatopancreas of crustaceans have been 

studied, including AST and ALT in lobster 

Homarus americanus (Devereaux, 1986), 

kynurenine aminotransferase in tiger prawn 

(Meunpol et al., 1998), and D-alanine oxidase 

and D-aspartate oxidase in several crustacean 

species (D’Aniello and Giuditta, 1980).  

 

The digestive enzyme activity helps in 

understanding the digestive physiology and 

nutritional requirements of White shrimp. In 

crustaceans, digestive enzymes play an 

important role in nutritional physiology, 

growth regulation (Van Wormhouldt 1973) 

and dietary formulation (Le Moullac et al., 

1994, 1996). In the present study result has 

shown that Amylase and protease activity in 

hepatopancreas was significantly (P<0.05) 

higher in T6 treatments similar to the finding 

of Li et al., 2008 in L. vannamei. 

 

The present study indicated that dietary 

mineral ions supplementation are beneficial 

for better growth performance to shrimp 

rather than directly adding into water. This 

method will be cost effective and economical 

for farmers. 
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