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Abstract: The juveniles of common carp Cyprinus carpio with a weight of 
44.82±11.82 g exposed to salinity of 7 and 15 g/l to study the effect of 
additive potassium chloride and growth hormone to the diet on salinity 
tolerance, as well as their effects on some hematological and biochemical 
measurements. Five experimental diets were set as controls: free added diet 
T1, diet contained two levels of potassium chloride 3% (T2) and 7% (T3), as 
well as two levels of growth hormone: 1% (T4) and 3% (T5). The 
experimental diets had a crude protein content of 27.5% and a crude lipid 
content of 8.02%. The results showed that fishes which were fed potassium 
chloride shows a high survival rate at salinities of 7 g/l and 15 g/l and fewer 
changes in blood glucose levels than those that were fed the growth hormone. 
Protein levels were lower and energy consumption was lower in fishes fed 
potassium chloride. Liver enzymes: alanine transaminase (ALT), aspartate 
transaminase (AST) and alkaline phosphates (ALP) have significantly raised, 
correlated with the food additive and levels of salinity. According to the 
current study, a diet supplemented with potassium chloride and growth 
hormone could reduce salinity stress in common carp and improve fish 
survival.  
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Introduction  

Fishes can make many physiological changes in response to stressors to 
maintain homeostasis, osmolality and hematology (Carragher & Rees, 1994; 
McDonald & Milligan, 1997). In aquaculture, salinity is an important abiotic factor 
and the optimal level can affect growth and survival success (Ruscoe et al., 2004). 
Different species have varying levels of salinity tolerance (Larsen et al., 2012). The 
physiological responses of various freshwater and marine fish species to high and 
low salinity levels in the aquatic environment have been studied (Hasenbein et al., 
2013; Sinha et al., 2015). 

Common carp, Cyprinus carpio is a member of the family Cyprinidae. It is the 
most widely cultivated freshwater species in the world (El-Saidy & Gaber, 2005),
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although it could adapt to different levels of water salinities. Hwang et al. (2018) 
demonstrated that ionic regulation organs such as the gills, kidneys and intestines 
help bony fishes maintain plasma ion balance. As a result, the most important salts 
in osmotic regulation are Na+ and K+. Ion regulation is an energy-consuming 
process that is taken from the fish body. Several studies have shown that during 
salinity adaptation, fishes consume 10% to 50% of the energy required for ion 
regulation (Mozanzadeh et al., 2021; Shukry et al., 2021). Guo et al. (2020) found 
that carbohydrate and glucose metabolisms improved the efficiency of energy 
supply transfer in fishes during salt acclimatization. Previous studies examining the 
relationship between water salinity and energy metabolism in fishes were 
conducted by Makaras et al. (2020) and Zhu et al. (2021). 
     Salinity stress can increase glucose metabolism and enhance glycolysis in the 
liver due to the increased energy demand to regulate the concentration of ions 
between the fish body fluids and the aquatic environment. Changes in salinity have 
been shown to alter teleosts' normal hematological characteristics, increasing 
plasma corticosteroids and glucose levels (Barton & Iwama. 1991; Yada et al., 
2002) and lowering some blood parameter levels while increasing others. These 
changes may affect oxygen consumption. In various aquatic species, both 
hematological and biochemical parameters have been widely used as indicators of 
general health (Ninh et al., 2014; Tran-Ngoc et al., 2016). Many studies have been 
carried out to estimate the effects of salinity changes on fish physiology (Boeuf & 
Payan, 2001; Gholampoor et al., 2011). 

 The current study aimed at investigating the effects of various levels of 
potassium chloride and growth hormone as food additives in the diet of common 
carp on salinity tolerance, as well as their effects on some hematological and 
biochemical measurements.  
 
Materials and Methods 
Fishes and Experimental design  

Two hundred juvenile common carp Cyprinus carpio (mean body weight 
44.82±11.82 g. and mean body length 12.5±2.33 cm) were obtained from the 
earthen ponds of the Aquaculture Unit, College of Agriculture, University of 
Basrah. Fishes that appeared to be in good health were transported to the lab and 
acclimatized in dechlorinated water for one week before being fed a basal fish diet. 
Following acclimation, the fishes were randomly divided into two equal groups 
with different salinity levels (7 g/l, and 15 g/l) for another 70 days. Each group 
consists of 100 fishes distributed among 10 aquaria (30×30×60 cm) with a water 
capacity of 50L, the experimental salinities were obtained by adding a specific 
amount of marine salt to achieve salinities of 7g/l and 15g/l. To avoid any changes, 
the salinity of the water was measured daily. The experiment was carried out in 
natural photoperiod, and the fishes were fed twice daily by 3% of the total stock 
biomass. 
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Preparation of Experimental Diet  
Five experimental diets were set as controls (free added diet T1), and another 

examined diet contained two levels of potassium chloride: 3 % (T2) and 7 % (T3), 
as well as two levels of growth hormone: 1% (T4) and 3% (T5). The experimental 
diets had a crude protein content of 27.5% and a crude lipid content of 8.02% 
(Table 1). The proximate analysis of chemical composition for the tested diets was 
estimated according to AOAC (2000). 

 
Table 1: The formulation and composition of the experimental diet (%).  

Diet (% addition)  Diet  DT5 DT4 Diet T3 Diet T2 Diet T1 
25 25 25 25 25 Fishmeal 
18 18 18 18 18 Soybean 
15 15  15 15 15 Barley flour 
2 2 2 2 2 Vegetable oil 
38 38 38 38 38 Wheat flour 
5 5 5 5 5 Mixture of vitamins and minerals 
0 0 7 3 0 KCl 
3 1 0 0 0 Growth hormone 

Proximate composition (%) 
7.2 7.2 7.2 7.2 7.2 Moisture 

8.02 8.02 8.02 8.02 8.02 Fat 
27.5 27.5 27.5 27.5 27.5 Protein 
12.6 12.6 12.6 12.6 12.6 Ash 

51.88 51.88 51.88 51.88 51.88 Carbohydrate 
 
Surviving Rate 

The survival rate of common carp fed different level of potassium chloride and 
growth hormone introduced to different salinities (7 and 15 g/l) were determined 
after 70 days of salinity exposure as follow: 

Survival Rate (%) = total fish survived/ total fish stocked × 100 
 
Blood Sampling 

Before sampling, the fishes were fasted for 24 hours. To reduce handling stress, 
blood was collected from the caudal vein with a 3 ml syringe in less than 3 
minutes. The blood was transferred to an anticoagulant-free tube for biochemical 
analysis.  
 
Biochemical Measurement 

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were 
determined according to Reitman & Frankel (1957). Total serum protein was 
determined according to Doumas et al. (1981). Plasma glucose concentrations 
were measured by the glucose oxidase method (Barham & Trinder, 1972). 
Alkaline Phosphates Activity levels were measured according to Pan et al. (1997).
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Oxygen Consumption  
The oxygen consumption was based on the decrease in the levels of dissolved 

oxygen in the water in closed containers based on Nordlie & Leffer (1976). One 
fish of known weight was placed in a conical, opaque glass container of one-liter 
capacity, filled with oxygen-saturated water. The fishes from different treatments 
(T1, T2, T3, T4 and T5) were transported at the following water salinities: 7 and 
15 g/l for 24 hours to acclimatization. The level of oxygen was measured at 
frequent intervals (every half an hour) until the dissolved oxygen concentration 
dropped to 60% of the saturation level. The level of dissolved oxygen was 
measured by the YSI 559MPS device. The level of oxygen consumed was 
estimated in mg O2/kg/hr. According to Brett (1972), the consumed oxygen was 
converted to mg O2/kg/hr into energy according to the following equation:  

1 mg O2/kg/hr is equivalent to 0.00337 kcal/kg/hr.  
 
Statistical Analysis 

SPPS (ver. 22, USA) was used for statistical analysis of the data. Data were 
subjected to one-way ANOVA and Duncan's multiple range tests to determine the 
significant differences between the means. 
 
Results 

After 14 days of exposure to the salinity of 7g/l and 15g/l, the survival rate of 
common carp fed different levels of potassium chloride and growth hormone 
showed significant differences (P<0.05). A higher survival rate was recorded in T3 
(7% potassium chloride) at salinities of 7 g/l and 15 g/l. (Figure 1). 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Survival rates of common carp juveniles in different treatments at a salinity of 7 

and 15 g/l.
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Plasma Glucose Level 
Figures 2A and B showed the level of glucose in the blood of common carp fed 

different levels of potassium chloride and growth hormone during the 1st, 5th, 14th, 
and 70th days after being exposed to the salinity of 7 and 15 g/l. A fluctuating level 
of glucose in the blood was observed throughout the experiment. On the 70th day 
of the experiment, a significant decrease (P<0.05) was found in the glucose level in 
treatment T2 and T3 (82 and 80 mg/100 ml, respectively) compared to the control 
treatment (T1) at a salinity of 7 g/l, while no difference (P>0.05) was observed in 
the treatment T4 and T5 (99 and 96 mg/l, respectively) compared to the control. At 
a salinity of 15 g/l, there was a fluctuation in blood glucose values during the 1st 
day of exposure in all treatments (T1, T2, T3, T4 and T5). There was a significant 
decrease (P<0.05) on the 5th and 14th days in the treatments (T2, T3, T4 and T5) 
compared to the control sample (T1). A significant decrease (P<0.05) was recorded 
in treatments T2, T3 and T5 (91, 94, and 96 mg/100 ml, respectively) and a 
significant increase (P<0.05) in T4 (99 mg/100 ml) compared to the control T1 (98 
mg/100 ml) after 70 days from the beginning of the experiment at a salinity of 15 
g/l (Figure 2B).  

 
Total Proteins  

Figures 3A and B showed the total protein in the blood plasma of common carp 
on the 1st, 5th, 14th and 70th days of exposure to a salinity of 7 and 15 g/l. There 
were no significant differences (P>0.05) in the levels of total protein in the blood 
plasma on the 5th and 14th days after salinity exposure between T3 and control 
(T1), while significant differences (P<0.05) were found in T2, T4 and T5 
compared with the control. Seventy days after the start of the experiment, a 
significant decrease (P<0.05) was found in T2 and T4 and insignificant decrease 
(P>0.05) in treatments T3 and T5 compared to the control sample (T1). Total 
protein values of 5.43, 5.77, 5.56 and 5.71 mg/100 ml were recorded in T2, T3, T4 
and T5, respectively compared to the control T1 (5.8 mg/100 ml) at the salinity of 
7 g/l (Figure 3A). The values of total protein in fishes exposed to a salinity of 15 
g/l fluctuated during the 1st, 5th and 14th days in all treatments (T1, T2, T3, T4 and 
T5). A significant decrease (P<0.05) was found in the treatments (T2, T3, T4 and 
T5) compared to the control sample (T1) after 70th days of exposure to salinity of 
15 g/l (Figure 3B).  
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Figure 2: The level of glucose in the blood (mg/100 ml) for juvenile common carp  
in different treatments exposed to salinity: A, 7 g/l and B, 15 g/l. 
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Figure 3: Total protein levels in blood plasma (mg/100 ml) of juvenile common 

carp in different salt treatments: A, 7 g/l and B, 15 g/l.  
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Oxygen Consumption 
Figures 4A and B showed the level of oxygen consumed by common carp on 

the 1st, 5th, 14th and 70th days after transfer to a salinity of 7 and 15 g/l. There were 
no significant differences (P>0.05) in the level of oxygen consumed on the 1st, 5th 
and 14t days after exposure to a different level of salinity in all treatments (T1, T2, 
T3, T4 and T5) compared with the control treatment. Seventy days after the start of 
the experiment, a significant decrease (P<0.05) was found in treatment T3 
compared to the control sample (T1), where a value of 161.43 mg O2/kg/hr was 
recorded compared with the control treatment (181.86 mg O2/kg/hr), while no 
significant differences were observed. (P>0.05) between treatments T2, T4 and T5 
compared with the control at a salinity of 7 g/l (Figure 4A).  

There was an increase in the level of oxygen consumption in the control 
treatment during the 1st, 5th and 14th days of the experiment compared to treatments 
T2, T3, T4 and T5. Seventy days after the start of the experiment, a significant 
decrease (P<0.05) was found in the treatment T5 compared to T1, which recorded 
a value of 273.16 mg O2/kg/hr compared to the control sample (288.36 mg 
O2/kg/hr) as in Figure 4B.  

 
Energy Consumption  

Figures 5A and B showed the amount of energy consumed in common carp on 
the 1st, 5th, 14th and 70th days after transfer to a salinity of 7 and 15 g/l. There were 
no significant differences (P>0.05) in the amount of energy consumed on the 1st, 
5th and 14th days of exposure to different salinity in all treatments (T2, T3, T4 and 
T5) compared to the control treatment (T1). Seventy days after the start of the 
experiment, a significant decrease (P<0.05) was found in treatment T3 compared 
to the control (T1), with a value of 0.544 kcal/kg/hr was recorded compared with 
the control treatment of 0.613 kcal/kg/hr, while no significant differences (P>0.05) 
were observed between treatments T2, T4 and T5 compared with the control T1 at 
a salinity of 7 g/l (Figure 5A). There was an increase in the amount of energy 
consumed in the control sample during the 1st, 5th and 14th days of salinity 
exposure compared to the treatments (T2, T3, T4, and T5). Seventy days after the 
start of the experiment, a significant decrease (P<0.05) was found in treatment T5 
compared to the control T1, with a value of 0.921 kcal/kg/hr was recorded 
compared to the control T1, the value of 0.972 kcal/kg/hr (Figure 5B).  
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Figure 4: The level of oxygen consumed (mgO2/kg/hr.) for juvenile common carp in 

different treatments exposed to a salinity: A, 7 g/l) and B, 15 g/l.  
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Figure 5: The amount of energy consumed (kcal/kg/hr) for juvenile common carp in 

different treatments exposed to the salinity of A, 7 g/l and B, 15 g/l. 
 
Alkaline Phosphatase (ALP) 

Figures 6A and B showed the level of alkaline phosphatase ALP enzyme in the 
blood plasma on the 1st, 5th, 14th and 70th days after transfer to a salinity of 7 and 
15 g/l. 

The level of alkaline phosphatase enzyme ALP at a salinity of 7 g/l decreased 
significantly (P<0.05) throughout the experiment period in all treatments (T2, T3, 
T4 and T5) when compared to the control (T1). Seventy days after starting 
experiments values of 20.49, 20.18, 20.61 and 20.12 IU/l were recorded, 
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respectively, compared with the control treatment of 26.67 IU/l at the a salinity of 
7 g/l (Figure 6A). There was a significant decrease (P≤0.05) in the concentration of 
alkaline phosphatase at a concentration of 15 g/l throughout the experiment period 
in all treatments (T2, T3, T4 and T5) compared with the control treatment (T1). 
Seventy days after the start of the experiment, values of 22.77, 20.88, 22.32 and 
21.18 IU/l were recorded, respectively, compared with the control treatment of 
23.44 IU/l at the salinity of 15 g/l (Figure 6B). 

 
Aspartate Transaminase (AST) 

Figure 7A and B showed the level of AST enzyme in the blood plasma on the 
1st, 5th, 14th and 70th days after transfer to a salinity of 7 and 15 g/l. A fluctuation in 
AST level was observed in the treatments T1, T2, T3, T4 and T5 after fourteen 
days from the start of the experiment. There was a significant decrease (P<0.05) in 
the level of AST enzyme at a salinity of 7 g/l in all treatments (T2, T3, T4 and T5) 
compared with the control treatment (T1), after seventy days from the start of the 
experiment, values of 43.33, 43.74, 41.76 and 43.24 IU/l, respectively, were 
recorded compared with the control treatment of 45.31 IU/l at a salinity of 7 g/l 
(Figure 7A). There was a significant increase (P<0.05) in the level of AST enzyme 
in the blood plasma at a salinity of 15 g/l throughout the experiment in T4 
compared to the control treatment (T1). Seventy days after the start of the 
experiment, a value of 60.7 IU/l was recorded, compared with the control 
treatment (54.97 IU/l) at the salinity of 15 g/l (Figure 7B).  

 
Alanine Transaminase (ALT) 

Figures 8 A and B showed the level of ALT enzyme in the blood plasma on the 
1st, 5th, 14th and 70th days after transfer to a salinity of 7 and 15 g/l. 

A fluctuation in the concentration of ALT enzyme values was observed in all 
treatments T1, T2, T3, T4 and T5 after fourteen days from the start of the 
experiment. There was a significant decrease (P<0.05) in the level of ALT enzyme 
at a salinity of 7 g/l in T4 compared to the control (T1) after seventy days from the 
start of the experiment, a value of 6.67 IU/l were recorded, compared to the control 
treatment 6.65 IU/l in the saline concentration of 7 g/l, while there were no 
significant differences (P>0.05) between treatments T1, T2, T3 and T5 (Figure 
8A). There was a significant increase (P≤0.05) in the concentration of ALT 
enzyme in the blood plasma at a concentration of 15 g/l throughout the trial period 
in treatments T2, T3, T4 and T5 compared with the control treatment (T1). 
Seventy days after the start of the experiment, values of 8.48, 8.53, 8.46 and 8.06 
IU/l were recorded, respectively, compared with the control treatment of 7.86 IU/l 
at a salinity of 15 g/l (Figure 8B). 
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Figure 6: The level of alkaline phosphatase (IU/l) of juvenile common carp in different 
treatments exposed to salinity: A, 7 g/l and B, 15 g/l. 
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Figure 7: The level of AST enzyme (IU/l) in the blood plasma of juvenile common carp in 

different treatments exposed to salinity: A, 7 g/l and B, 15 g/l.  
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Figure 8: The level of ALT enzyme (IU/l) of juvenile common carp in different treatments 

exposed to salinity: A, 7 g/l) and B, 15 g/l).  
 
Discussion 
Survival Rates      

It is well known in aquatic organisms that environmental factors and diet play a 
crucial role in growth and survival rate (Mommsen, 1998). Salinity stress is a major 
risk in the freshwater aquaculture production sector, causing a physiological 
disturbance and harming performance and fish survival (Küçük et al., 2013). The 
current study was carried out to increase the utilization of inland saline water 
resources for the cultivation of freshwater fishes. According to the current study, a 
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diet supplemented with potassium chloride and growth hormone could reduce 
salinity stress in common carp and improve fish survival.  

This is consistent with many previous studies that indicated the ability of carps 
to withstand salinity levels, particularly when improving their abilities to regulate 
osmosis and control the internal stability of fluids and body ions in contrast to the 
high ionic and saline concentrations in the surrounding environment (Ahmed & 
Jaffar, 2013). The effects of adding potassium chloride and other salts to fish feed 
before salinity exposure include some mechanisms proposed by Al-Saadi & Al-
Kashali (2015). Many studies have shown that a group of growth hormones can 
positively affect fish's ability to deal with osmotic changes in the environment 
(Reindl & Sheridan, 2012). 
 
Blood Glucose Level 

In terms of a fish physiological state, glucose is an important stress indicator 
because its levels can fluctuate depending on the fish's physiological state, 
particularly when it is subjected to stress such as osmotic stress or a lack of oxygen 
in the water. In a metabolic or hormonal response of the fish's body to the stressor, 
glucose concentrations can be greatly reduced (Makaras et al., 2020; Zhu et al., 
2021). 

Fishes fed potassium chloride as a feed additive experienced more changes in 
blood glucose levels than that fed growth hormone as a feed additive. This indicates 
that potassium chloride had a greater and clearer effect on reducing osmotic stress 
on fishes and assisting them in dealing with the high salinity of the surrounding 
environment. This could be due to the rate with which salt dissolves and absorbs, as 
opposed to hormone growth, which may take longer to show its effects, which 
differed significantly and were less than the effects of salt even after fourteen days 
of exposing fishes to salinity (Mozanzadeh et al., 2021; Shukry et al., 2021). 

A rise in glycogenolysis could explain the decrease in glucose levels observed in 
fishes fed potassium chloride (Kavya et al., 2016). Because the liver is the primary 
site of glycogen/glucose turnover in fishes, liver metabolism may be increased 
during osmotic adaptation to ensure that glucose is available to fuel other metabolic 
and osmoregulatory tissues such as the gills and kidneys (Vijayan et al., 1996). 
Fishes raised at extreme salinities may use more glucose to meet the higher energy 
requirements of various tissues involved directly or indirectly in osmoregulatory 
work (Laiz-Carrión et al., 2003; Sangiao-Alvarellos et al., 2005). 
 
Total Proteins Content 

Total proteins are one of the most important components of blood plasma. Its 
main source is proteins found in fish food. The liver is the main factory for 
specialized proteins, particularly albumin and globulin, though some immune 
globulins can be produced by large lymphoid white blood cells in response to a 
pathological condition (Peyghan et al., 2014). 

The present study shows a decrease in protein levels of T2 and T3 at a salinity of 
7 g/l and 15 g/l concerning the T1. In contrast, other studies have found either no 
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change or an increase in protein levels as salinity increases. The potential 
importance of increased serum protein as a fuel for tissues during osmotic 
acclimation has yet to be investigated, but it could be related to a metabolic 
reallocation of energy resources once carbohydrate stores have been depleted. 
Amino acids appear to be important in allowing fishes to adjust to varying 
salinities, either as energy sources or as important osmolytes for cell volume 
regulation (Aragão et al., 2010). Thus, changes in the concentrations of total 
proteins in the blood plasma have a direct reflection on the response to osmotic 
shock and the various osmotic regulation processes in fishes (Coeurdacier et al., 
2011). 

The concentration of total proteins in blood plasma is also influenced by the 
amount of water in the blood. A decrease in blood water content increases the 
concentration of dissolved solids, including various proteins. Thus, total proteins in 
blood plasma can be regarded as an important indicator of rapid and short-term 
fluctuations in the osmotic regulation process in response to changes in the high 
salinity of the environment (Al-Khshali & Al-Hilalli, 2017). 
 
Liver Enzymes 

The liver is the body's main chemical laboratory, where it performs numerous 
functions such as protein synthesis, glycogen storage and fat synthesis. Functional 
enzymes, each of which plays a unique role in the decomposition or synthesis of 
various substances within the liver (Al-Khshali & Al-Hilali, 2019; Al-Khashali & 
Al-Shawi, 2021). AST and ALT, found primarily in fish hepatocytes and 
cardiomyocytes, play important roles in protein metabolism. When the liver and 
myocardium are damaged or their permeability increases, AST and ALT are 
released into the blood, resulting in increased blood transaminase activity. The 
activities of serum AST and ALT can therefore be used to monitor the health status 
of fishes (Wang et al., 2005). In the present study, significantly elevated values of 
AST and ALT, correlated with the food additive and levels of salinity, indicate 
increased permeability of the hepatocytes and cellular leakage. The increase in ALP 
enzyme levels could be caused by an increase in salinity concentrations because the 
ALP enzyme is one of the important enzymes in the osmoregulation process; it 
plays a role in ion transfer. The entry of large amounts of water into the fish body 
may harm the osmotic pressure and cause a high permeability between the cell 
membranes inside the fish body, causing the ALP to spread throughout the fish 
body in an attempt to regulate osmosis. The fluctuation of salinity frequently causes 
a variety of physiological stress responses, disrupting the balance of serum 
hormones, energy metabolism, and electrolytes in aquatic animals (Al-Khshali & Al 
Hilali, 2019). The ALP enzyme, which is found in the membrane of the intestinal 
epithelium, plays an important role in the adaptation of fishes to saline water, as an 
increase in the level of this enzyme has been observed 2-3 times when fishes are 
exposed to saline water (Oide, 1970). ALP can also be used as a biological indicator 
of the salinity adaptation process's success (Ahmed et al., 2004).  
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Oxygen and Energy Consumed  
Oxygen plays the most important role in energy production by breaking down 

the bonds in food and converting them into energy, and because the body requires a 
certain amount of energy to achieve internal stability, fishes require more oxygen to 
provide more energy. Metabolism includes chemical reactions that occur in living 
organisms, and the most common method of indirectly detecting metabolic rate is 
the measurement of oxygen consumed. Changing the oxygen consumption rate can 
identify the energy required by the body to adapt to changes in salinity (Tseng & 
Hwang, 2008). Changes in fish respiratory rate are one of the most common 
physiological responses to salinity stress. Under conditions of environmental 
imbalance, the change in oxygen consumption rate is commonly used to estimate 
the change in metabolic rate (Dube & Hosetti, 2010). The reason for the change in 
oxygen consumption rate as salinity levels change is due to increased activity in 
active ion transport and activity of the Na/k/ ATPase in gills, which increases the 
energy needed for the completion of the osmoregulation process (Sangiao-
Alvarellos et al., 2005). The current findings of this study revealed that as salinity 
increased, so did the rate of oxygen consumption, which was accompanied by an 
increase in the amount of energy expended. Ahmed & Jaffar (2013) mentioned that 
the reason for the change in the rate of oxygen consumption that follows the change 
in the levels of salinity is a result of the change in the effective transport of ions, 
which increases the energy requirements for the completion of the osmosis 
regulation process. The results of previous studies of different species of fishes 
showed an increase in the rate of oxygen consumption, with an increase in the rate 
of oxygen consumption in the salinity of the environment (Ern et al., 2014; Takei et 
al., 2014; Al-Saadi & Al-Kashali, 2015; Reed, 2015). The increase in oxygen 
consumption is caused by an increase in metabolic rate to meet the high energy 
requirements associated with the osmosis situation caused by exposing the fishes to 
high levels of salinity. This is a natural condition caused by saline stress and 
increased energy demand by fishes for osmoregulation.  
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