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INTRODUCTION  

 

The species M. nipponense was considered an alien species to our inland water.  and 

showed for the first time in Shatt Al-Arab by Salman (2006) and it’s entered Iraqi water 

by drifting with water masses coming from Al-Karon River to Shatt Al-Arab, and to 

inland water (Al Maliki, 2016; Al-Maliki,2017). 

This genus Macrobrachium includes 200 species most of which live in fresh water, and 

some spend part or most of their life in brackish Waters, so the larval stage tolerates wide 

ranges of changes in salinity so that they migrate from brackish water to fresh water, and 
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This study set out to quantify biochemical parameters in 

freshwater prawns (M. nipponense) raised in four different salinity 

levels and temperature ranges (20, 25, 30, and 35 °C) as well as 

stress enzymes (ALT and AST), ionic content (Cl, K, Na, and Ca), 

and osmotic pressure. The Shatt Al-Arab River in the Al-Mashab 

region of southern Iraq was the site of the M. nipponense sample 

collection. This study used a Recycling Aquarium System (RAS) 

with sixty-liter plastic containers for each subject. In comparison to 

the control group, all metrics increased significantly (p<0.05), 

although biochemical parameters decreased significantly (p<0.05). 

The results also showed a negative relationship between temperature, 

salinity, total protein, glucose, K, Na, ALT, and AST, while a 

positive relationship with Urea, Cl, Ca, and Cholestrol. 
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feed on different animals and plants parts (New, 2002). Understanding the ideal 

conditions for raising this species, which may alter during growth, is crucial since 

temperature and salinity are major variables influencing the physiology and 

osmoregulation of prawns. 

. 

Researchers set out to determine the effect of temperature and salinity on biochemical 

parameters, stress enzymes and ionic contents of M. nipponense. 
 

MATERIALS AND METHODS  

 
Experiment Design:  

Al-Mashab, a district of Shatt Al-Arab in the northern Basra province of southern 

Iraq, was the site of the prawn sample (M. nipponense). Samples were transported 

directly to the laboratory to acclimated for 5 days. Shrimp of (65-85) mm in length were 

maintained in a Recycling Aquarium System (RAS). It consists of 17 plastic containers, 

each of 60 L with dechlorinated water (24 
o
C, 2-7 ppt, 6.0 O2 mg/L, pH 6-7), and fed 

daily with a special diet (Protein, Carbohydrate, Fat) to prepared the shrimp for the 

experiment. After acclimation, shrimp was transferred from (RAS) to 25 aquariums of 10 

L. In order to avoid osmotic shock, the salinity was changed gradually until the 

experiment of four different concentrations of salinity (1, 5, 10, and 15) ppt and four 

temperatures ( 20, 25, 30, and 35) 
o
C was completed. The addition of Chinese salt 

obtained the salinity concentration. A total of 16 groups of 25 shrimp per group, in 

addition to the control were chosen at random (N=500). Once adjustments to desired 

salinity and temperature were completed, all aquariums were aerated. Dissolved oxygen, 

salinity, and temperature were measured daily, and the shrimp fed, feces, and 

unconsumed food were removed from the aquarium daily. The shrimp remain for ten 

days (Buckle et al., 2006). Biochemical parameter: Shrimp of each combination of 

salinity and temperature concentration after ten days were used to collect the hemolymph 

sample from the Hepatopancreatic gland by using a pipet puncher in the abdominal 

membrane stored at 18 
o
C, and this hemolymph will measure many parameters. Barham 

and Trinder (1972) described the glucose oxidase technique as a means to quantify 

glucose concentration. Doumas et al. (1981) assessed cholesterol levels and total protein 

using commercial colorimetric kits. Our stress enzyme AST and ALT measurements 

were based on the work of Reitman and Frankle (1957). 

The spectrophotometer was used to read the sample at a wavelength of 550 nm. 

Urea concentration was measured by acting of urenase at a wavelength of 600nm (Tietz, 

2006). Also, the electrolyte concentration (Cl, Ca, Na, and K) was measured by a 

chemical autoanalyzer.  

 

 

Statistical analysis 
The program (SPSS) and Complete Randomized Design (CRD) were used to 

analyze the results statistically. Tow-Way Anova was used, and the value of the least 

significant difference (LSD) was extracted at the probability level p ≤ 0.05 to compare 

the arithmetic means of the coefficients. 
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RESULTS  

 

Effect of salinity and temperature on Biochemical Parameters: 

Figure 1. showed changes in biochemical parameters in different salinity and 

temperature. So, it showed that the highest average values in total protein, cholesterol, 

urea, and glucose in 1 ppt were (6.0, 29.44, 22.56, and 76.36) mmol/L in(20) 
o
C, 

respectively. In comparison, the highest values in 5 ppt were (6.0, 60.99, 34.36 and 65.8) 

mmol/L in (20) 
o
C respectively. While,The higher average biochemical parameters values 

at temperatures 10 ppt with 30
 o

C and 35 
o
C were (4.5, 37.75, 25.03, and 63.63) mmol/L,  

respectively. In comparison, at 15 ppt, the high values were (4.76, 28.8, 36.83, and 43.30) 

mmol/L at 20 
0
C respectively. The results also showed negative relationship between 

salinity and temperature with all biochemical parameters in level (p< 0.05) except 

cholesterol and urea have a positive relationship.  

In comparison to the control group, all biochemical parameters showed a significant 

decline at level (p<0.05) in the values. 

Table 1. shows the correlation of indicators of biochemical compounds in the 

eastern river shrimp M. nipponense (glucose, cholesterol, urea, and total protein) with 

temperature and salinity during the experimental period. 

 

Table 1. shows the correlation of indicators of biological compounds with 

environmental factors in river shrimp M. nipponense. 

biochemical 

parameters 
Salinity  Temperature 

 
r Sig r sig 

total protein   -0.221 0.118 -0.252 0.075 

Cholesterol 0.069 0.631 -0.256 0.07 

Urea 0.091 0.526 -0.347 0.013 

Glucose -0.293 0.037 -0.027 0.852 
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Fig. 1. Effect of salinity and temperature on Biochemical Parameters in hemolymph of 

M. nipponense. 

Effect of salinity and temperature on stress enzymes (ALT & AST):  

Figure 2. Shows the effect of salinity and temperatures on stress enzymes ALT and 

AST. The data revealed that the values of enzymes ―were higher (p<0.05) than the 

control group‖ (337.6 and 268.6) U/L. The highest levels of ALT enzyme were (477.13, 

575.36, 566.75, and 392.06) U/L. In contrast, the highest levels of AST enzyme were 

(367.83, 596.86, 511.33, and 458.36) U/L for the shrimp M. nipponense, which was 

exposed to salinity (1, 5, 10, and 15) ppt, respectively. Also, the results showed an 

inverse relationship between both stress enzymes ALT and AST and salinity and 

temperature groups.  

Table 2. shows the correlation of enzyme indicators in the eastern river shrimp M. 

nipponense, represented by AST and ALT, with temperature and salinity during the 

experimental period. 
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Table 2. Shows the Correlation of stress enzyme indicators with environmental 

factors in river shrimp. 

Enzymes  Salinity  Temperature  

 
R Sig R sig 

AST -0.173 0.224 -0.301 0.032 

ALT -0.311 0.026 -0.495 0.000 

 

 

 

 

 

 

 

 

 

Fig. 2. Effect of salinity and temperature on the ALT & AST levels in the hemolymph of 

M. nipponense. 

Effect of salinity and temperature on ionic content of hemolymph in M. 

nipponense:  

Figure 3. displays the ionic content (Cl, K, Na, and Ca) ―in the hemolymph of M. 

nipponense exposed to different salinity and temperature‖. The highest values were for 

salinity 1ppt treatment (204.3, 8.5, 196, and 39.18) mmol/L at (25) 
o
C, respectively. In 

contrast, for 5 ppt, the highest values were (223.3, 9.4, 210.3, and 44.0) mmol/L at 20 and 

30 
O
C, respectively. The results showed that at 10 ppt, the ions values were higher (180.5, 

6.05, 156.6, and 47.02) mmol/L at 35 
o
C respectively, however at 15 ppt, the results 
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indicated the values of all ions were higher (p<0.05) at 25 
o
C except Ca which is high in 

35 
o
C (243.3, 8.5, 221.6 and 53.7) mmol/L respectively. Additionally, for Ca and Cl, the 

data demonstrated a positive correlation with temperature and salinity. While , for K and 

Na, the inverse was true. In comparison to the control group, the findings demonstrated a 

significant reduction in total ionic content (p<0.05). 

Table 3. shows the correlation of ionic contents in the eastern river shrimp M. nipponense 

(calcium, sodium, potassium, and chlorine) with temperature and salinity during the 

experimental period. 

Table 3. shows the correlation of ionic contents in the eastern river shrimp M. 

nipponense. 

Ionic Salinity Temperature  

 
r Sig r sig 

Calcium 0.45 0.001 0.11 0.424 

Sodium  -0.00 0.952 -0.02 0.852 

Potassium  -0.15 0.289 0.00 0.969 

Chloride  0.06 0.647 0.14 0.302 

 

 

 

 

 

 

 

 

Fig. 3. Effect of salinity and temperature on ionic content in hemolymph of M. 

nipponense. 
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DISCUSSION 

 

 
One of the most influential abiotic influences on aquatic ecosystems is water 

temperature, which in turn affects biological populations via temperature changes 

(Bonacina et al., 2023). According to (Abdelrahman et al. 2019), differences in water 

temperature patterns greatly affect the development and survival of prawns in ponds and 

the concentration of salt because of its effects on crustacean physiological metabolism, 

survival, and dispersion. It is a significant environmental component. While crustaceans 

may survive in a variety of salt environments, they are susceptible to mortality when 

exposed to sudden changes in salinity. Nonetheless, M. nippoenense is able to thrive in 

environments with salinities ranging from 7 to 20 ppt. 

According to Fan et al. (2023), M. nipponense can adapt to environmental changes 

and withstand salinity from 1 to 15 ppt. Wang et al. (2023) studied osmolarity, 

physiological metabolism, antioxidant capacity, and apoptosis in M. rosenbergii during 

96 h of acute salinity stress and found that the response was ambiguous. Guest and 

Durocher, (1979) examined M. amazonicum larval survival at 25 °C with salinity 

between 0 and 15%. In their laboratory study, Allan et al. (2006) found that salinity 

affected larvae and molting levels in Macrobrachium amazonicum at temperatures near 

the upper limits of survival. Temperature and salinity are crucial to marine and brackish 

water life. The two elements typically interact in a complicated way because temperature 

may affect salinity's effects, which changes the organism's tolerance range, and salinity 

can change temperature's effects. 

The effect of temperature and salinity on biochemical parameters Some bioactive 

compounds in river shrimp (glucose, cholesterol, total protein, urea) were studied. 

Glucose is the main source of energy and the processes of aerobic and anaerobic 

respiration and fermentation in most living organisms (Boerio et al., 1991). 

In the current study, glucose concentrations showed a significant difference in 

different salinity concentrations. The highest value was at 1 ppt at a temperature of 20°C, 

reaching 76.36, which agrees with a study (Wang et al., 2023). Glucose showed 

significant differences with different temperatures. The combined effect of different 

salinity concentrations with different temperatures (P<0.05). There were no significant 

differences with salinity only, and this does not agree with what (Rahi et al., 2021) 

indicated in their study, which showed all five salinity treatments (0‰, 2.5‰, 5‰, 10‰, 

30‰) showed a significant increase (P < 0.05) in glucose and serotonin levels compared 

to the control salinity (20‰). Cholesterol is an essential composition in the cell 

membrane of all animal cells. Cholesterol makes the cell membrane soft, protects the cell, 

and maintains its survival by changing its shape and allowing animals to move, unlike 

plants, which are restricted to the plant cell wall (Yeagle, 1991). The results of the 

current study showed that cholesterol reached its highest value at a temperature of 20°C 

and a salinity of 25. The results also showed that there is a non-significant inverse 

relationship with temperature and a non-significant positive relationship with salinity. 

However, there are significant differences when combined with temperature and salinity 

(P<0.05). Proteins are characterized as biochemical indicators that are relied upon to 

detect the conditions to which an organism is exposed in its environment. The results 

showed that the highest rate of total protein level was at a salinity level of 1 & 5 ppt and a 
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temperature of 20°C(6.0 g/dl). This is consistent with (Khanjani et al., 2020), who 

showed in the statistical analysis that the biochemical analysis of the shrimp body 

composition increases in protein and fat content at the lowest salinity level (P <0.05).  

The results of the current study showed that the highest percentage of urea 

concentration at the salinity level of 15 ppt reached 36.8. This is consistent with the study 

of (Chen and Chia, 1996), who reported that when crabs were exposed to nine different 

temperatures and salinity regimes, ammonia increased with decreasing salinity, urea 

increased with increasing salinity, and nitrogen secretion increased with increasing 

temperature. The results showed a non-significant, inverse relationship with temperature, 

a non-significant positive relationship with salinity, and the presence of significant 

differences when exposed to the combined effect of temperature and salinity. 

The study also agreed with (Chung Lee and Jiann-Chu Chen 2003), who 

explained that measuring the levels of urea and uric acid in Marsupenaeus japonicus 

shrimp acclimated to different degrees of salinity observed an increase in urea in the 

liver, gills, intestines, and muscles at high salinities of 42 ppt and a decrease in low 

salinity of 18 ppt.  

Metal ions are widely found in biological systems and participate in many 

important biochemical processes, such as transporting materials, converting energy, 

transferring information, and regulating metabolism in the bodies of living organisms 

(Zheng et al., 2020). 
There are ten or twelve metals—sodium, potassium, calcium, magnesium, iron, 

cobalt, zinc, nickel, vanadium, and molybdenum—required for life, and many metal ions, 

particularly transition metal ions, play a role in the catalysis of enzymes (According to 

Permyakov, 2021). 
Sodium, potassium, calcium, and chloride ions were all a part of this investigation. 

According to Niu et al. (2023), calcium ions are crucial for several vital cellular 

processes. They are among the most prevalent mineral ions in nature. Calcium is a 

signaling molecule in animal tissues and fluids that regulates almost every critical cellular 

process (Carafoli and Krebs, 2016). 

The results showed that the highest level of calcium ion at a temperature of 35°C 

and a salinity level of 15 parts per thousand reached 20.1 mmol/L, as well as the level of 

salinity of 1 part per thousand at a temperature of 20°C, which amounted to 49.85 

mmol/L in the hemolymph of the treated group when compared with the control group. 

The results showed that there was a non-significant negative relationship with 

temperature and a negative moderate relationship with salinity when exposed to higher 

temperature and salinity together (P<0.05). 

 Jaffer et al. (2020) suggested that total calcium levels are maintained regardless of 

salinity levels because calcium may be unrelated to communication regulation 

mechanisms in the white shrimp L. vannamei. 

Sodium and Potassium To sustain bodily fluid equilibrium and neuron and muscle 

function, living organisms need alkaline metal ions Na+ and K+. Potassium ions are 

prevalent within cells, and sodium ions outside (Permyakov, 2021). The hemolymph 

potassium ion of the group treated at 25°C and 15 parts per thousand salinity reached 

8.20 mmol/L. At 25°C and 5 parts per thousand, it reached 9.4 mmol/L compared to the 

control group. 
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Results indicate no significant link between temperature and salinity but substantial 

differences (P<0.05) when considered together. As the most prevalent anion in 

extracellular fluid, chloride is vital for digestion, muscular action, bodily fluid 

management, and acid-base balance. Chloride is crucial to electrical neutrality (Bohn and 

de Morais, 2016).  

The group treated at 25°C and 15 ppt salinity had the greatest chlorine ion rate in 

the hemolymph, 234.33 mmol/L, and at 30°C and 5 ppt, 223.3 mmol/L. Jiann-Chu and 

Jun-Len (1994) found that salinity raises chlorine concentration while temperature 

reduces it. The research found a positive correlation between chloride ions and 

temperature and salinity, with significant differences seen when combined (P<0.05). 

The current study showed the osmolarity of the hemolymph of M. nipponense 

increased (411.5 mol/L) with an increase of salinity (15ppt) and decrease in temperature 

(20 °C) that results agree with the study of Buckle et al. (2006) on Lipopenaous 

vannamei at different temperature and salinity. Liver and pancreas tissues are used to 

know the effect of a stressful environment on an organism and to show changes in the 

internal structure in the early stage of environmental stress. 

The present research found that enzyme (AST) concentration was maximum at 10 

ppt salinity and 30°C and 5 ppt salinity and 20°C. Yang et al. (2020) found that liver and 

pancreatic enzymes work at 24°C. Significantly greater than other temps (P<0.05). 

Although temperature and salinity have a non-significant negative connection, the 

combined impact of varied temperatures and salinities results in significant variations 

(P<0.05). Temperature and salinity affect the ALT enzyme. The liver and pancreas aid 

crustaceans in secretion, molting, metabolism, and energy storage. The present 

investigation found that enzyme concentration was maximum at 5 ppt salinity at 25°C 

and 10 ppt at 30°C. Results indicate a substantial negative association with temperature, a 

non-significant inverse relationship with salinity, and significant differences when 

combined (P<0.05). 

 

CONCLUSION 

 

The study showed the effect of salinity and temperature groups on the biochemical 

parameters (Total protein, Urea, Cholesterol and Glucose) and Ionic content (Cl, K, Na 

and Ca) and stress enzymes ALT and AST in addition to Osmolarity of M. nipponense 

which reared in four temperatures (20, 25, 30 and 35) C and four salinity (1, 5, 10 and 15) 

ppt. 

All biochemical parameters were decrease compared to control group, while increase in 

ALT & AST compared to control group. 

The results showed also negative relationship between temperature, salinity and total 

protein, glucose, K, Na and ALT and AST however a positive relationship with Urea , Cl 

, Ca  and Cholesterol. 

 

 



 
Effect of salinity and temperature on Macrobrahium nipponense. 

 

 

15 

REFERENCES  

 

 

Abdelrahman, H. A.; Abebe, A., and Boyd, C. E. (2019). Influence of variation in 

water temperature on survival, growth and yield of Pacific white shrimp 

Litopenaeus vannamei in inland ponds for low‐salinity culture.  Aquaculture 

Research, 50(2): 658-672.  

Al Maliki, T. (2017). Breeding of shrimp Metapenaeus affinis in Cages. International 

Journal of Marin science, 7(41):394-398. 

Al Maliki, T. H. (2016). Study of the sensory properties and cleanliness percentage of 

the eastern shrimp Macrobrachium nipponenes (De Haan, 1849) which hunted 

outlet of Al-Mashab - near Al-Hammar Marsh in Basra, Center for Marine 

Sciences / University of Basrah, 211 pp. 

Allan, E. L.; Froneman, P. W. and Hodgson, A. N. (2006). Effects of temperature and 

salinity on the standard metabolic rate (SMR) of the caridean shrimp Palaemon 

peringueyi. Journal of Experimental Marine Biology and Ecology, 337(1): 103-

108.  

Barham, D. and Trinder, P. (1972).  An improved colour reagent for the determination 

of blood glucose by the oxidase system. Analyst., 97(1151): 142-145. 

Boerio, G. J. (1991). Heat- capacity and thermodynamic function of crystalline a-D-

glucose at temperature from 10K to 340 K . J. Chem. Thermodynam., 23(5):403-

409. 

Bohn, A. A. and de Morais, H. A. (2016). A quick reference on chloride. The Veterinary 

Clinics of North America. Small Animal Practice, 47(2): 219-222.  

Bonacina, L.; Fasano, F.; Mezzanotte, V. and Fornaroli, R. (2023). Effects of water 

temperature on freshwater macroinvertebrates: a systematic review. Biological 

Reviews, 98(1): 191-221.  

Browne, R. A. and Wanigasekera, G. (2000). Combined effects of salinity and 

temperature on survival and reproduction of five species of Artemia. Journal of 

Experimental Marine Biology and Ecology, 244 (1): 29-44. 

https://www.sciencedirect.com/journal/journal-of-experimental-marine-biology-and-ecology
https://www.sciencedirect.com/journal/journal-of-experimental-marine-biology-and-ecology


Marwa Al-Obaidi, 2024 16 

Buckle, F.; Baron, B. and Hemandez, M. (2006). Osmoregulatory capacity of the 

shrimp Litopenaeus vannamei at different temperatures and salinities and optimal 

culture environment. Rev. Biol. Trop., 54 (3): 745 – 753. 

Carafoli, E. and Krebs, J. (2016). Why calcium? How calcium became the best 

communicator. Journal of Biological Chemistry, 291(40): 20849-20857. 

Chen, J. C. and Chia, P. G. (1996). Hemolymph ammonia and urea and nitrogenous 

excretions of Scylla serrata at different temperature and salinity levels. Marine 

ecology progress series, 139: 119-125.  

 Chung Lee, W. and  Jiann- Chu Chen (2003). Hemolymph ammonia , Urea , and auric 

acid  level and nitrogenous excretion of  Masupenaeus japonicus at different 

salinity level . National Taiwan Ocean University research. Journal of Experimental 

Marine Biology and Ecology, 288: 39 – 49 

Fan Y.; Wu X.; Ling F.; Wang Z.; Ma K.; Xie N.; Li J.; Feng J. and Li J. (2023). 

Transcriptome, Proteome, Histology, and Biochemistry Analysis of Oriental River 

Prawn Macrobrachium nipponense under Long-term Salinity Exposure. Front. Mar. 

Sci., 9:1-15. doi: 10.3389/fmars.2022.1104984.  

Doumas, B.T. ; Bayse, D.D. ; Borner ,K. ; Carter , R.J. ; Elevtch, F. ; Garber, C.C. 

and Westgard , J.O. (1981). Candidate reference method for determination of total 

protein in serum II Test for transferability. Clinical Chemistry, 27(10):1651-1654. 

Guest, W. C. & Durocher, P. P.  (1979). palaemonid shrimp Macrobrachium 

amazonicum. Effect of salinity and temperature on survival. Prog. Fish.- Cult., 

41:14-18. 

Jaffer, Y. D.; Saraswathy, R.; Ishfaq, M.; Antony, J.; Bundela, D. S. and Sharma, P. 

C. (2020). Effect of low salinity on the growth and survival of juvenile pacific 

white shrimp, Penaeus vannamei: A Revival. Aquaculture, 515: 734561.  

Jiann-Chu, C. and Jun-Len, L. (1994). Responses of osmotic and chloride 

concentrations of Penaeus chinensis Osbeck subadults acclimated to different 

salinity and temperature levels. Journal of Experimental Marine Biology and 

Ecology, 179(2): 267-278.  

Khanjani, M. H.; Alizadeh, M. and Sharifinia, M. (2020). Rearing of the Pacific white 

shrimp, Litopenaeus vannamei in a biofloc system: The effects of different food 

sources and salinity levels. Aquaculture nutrition, 26: 328–337.  



 
Effect of salinity and temperature on Macrobrahium nipponense. 

 

 

17 

New, M. B. (2002). Farming freshwater prawns a manual for the culture of the giant river 

prawn Macrobrachium rosenbergi. FAW. Rome, Fish. Tech., Pp428, ISSN 0429-

9345. 

Niu, W.; Zhou, W.; Lu, S.; Vu, T.; Jayaraman, V.; Faraldo-Gómez, J. D. and 

Zheng, L. (2023). Ca
+2

 efflux facilitated by co-transport of inorganic phosphate 

anion in the H
+
/Ca

+2
 antiporter YfkE. Communications Biology, 6(1): 573. 

Permyakov, E. A. (2021). Metal binding proteins. Encyclopedia, 1(1): 261-292. 

Rahi, M. L.; Azad, K. N.; Tabassum, M.; Irin, H. H.; Hossain, K. S.; Aziz, D.; ... and 

Hurwood, D. A. (2021). Effects of salinity on physiological, biochemical and 

gene expression parameters of black tiger shrimp (Penaeus monodon): Potential 

for farming in low-salinity environments. Biology, 10(12): 1220.  26pp. 

Reitman, A. and Frankle, S. (1957). Determination of aspartate glutamate 

aminotransferase and alanin aminotransferase . American journal of Clinical 

Pathology , 28: 56. 

Salman, S. D.; Page, T. J.; Naser, M. D. and Yasser, A. A. G. (2006). The invasion of 

Macrobrachium nipponense (De Haan, 1849) (Caridea: Palaemonidae) into the 

southern Iraqi Marshes Aquatic invasions, 1(3): 109-115.  

Teitz, N. W. (2006). Teitz Textbook of Clinical Chemistry and Molecular Diagnostics, 

Elsevier Saunders, 2412pp. 

Wang, Y.; Li, H.; Wei, J.; Hong, K.; Zhou, Q.; Liu, X.; Hong, X.; Li, W.; Liu, C.; 

Zhu, X. and Yu, L. (2023). Multi-Effects of Acute Salinity Stress on 

Osmoregulation, Physiological Metabolism, Antioxidant Capacity, Immunity and 

Apoptosis in Macrobrachium rosenbergi.  Antioxidants (Basel, 

Switzerland), 12(10): 1836.  

Yang, S.P. ; Liu, H.L.; Guo W.J. ; Wang C.G. ; Sun C.B. ; Chan S.F. ; Li S.C. ; Tan 

Z.H. (2020). Effects of salinity and temperature on the metabolic and immune 

parameters of the banana shrimp Fenneropenaeus merguiensis (De Man, 1988 ),  

Iranian Journal of Fisheries Sciences, 19(4): 2010 -2023. 

Yeagle, P.L. (1991). Modulation of membrane function by Cholesterol. Biocheimie, 

73(10):1303-1310. 



Marwa Al-Obaidi, 2024 18 

 Zheng, X.; Cheng, W.; J.i. C.; Zhang, J. and Yin, M. (2020). Detection of metal ions 

in biological systems: A review. Reviews in Analytical Chemistry, 39(1): 231-

246. https://doi.org/10.1515/revac-2020-0118. 

 

https://doi.org/10.1515/revac-2020-0118

