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Abstract 
This study aims at investigating the variation in protein levels in the muscles of three local 
carnivorous fish species across three different seasons. The species studied were Leuciscus 
vorax, Silurus triostegus, and Coptodon zillii. The results revealed differences in muscle 
protein levels among these species. In autumn, the average muscle protein concentration was 
19.5 ± 0.5% for L. vorax, 22.9 ± 0.5% for S. triostegus, and 16.3 ± 0.5% for C. zillii. During 
winter, the protein concentration was 18.9 ± 0.4% for L. vorax, 20.5 ± 0.5% for S. triostegus, 
and 18.9 ± 0.5% for C. zillii. In spring, the protein concentration increased to 20.4 ± 0.2% for 
L. vorax, 19.9 ± 0.5% for S. triostegus, and 18.8 ± 0.5% for C. zillii. The study also 
examined the activity of digestive enzymes such as ALP, GPT, and GOT in the flesh of these 
three species across the seasonal changes. This study aims at determining the optimal muscle 
protein levels in these carnivorous fish species, which vary with the seasons and the 
ecological characteristics of their habitats. This information can help assess the nutritional 
value of consuming the flesh of these fish. 
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Introduction 
The concentration of protein and some digestive enzymes is 
affected by the amount of protein that fish obtain from their 
natural diet or the feed provided to them, especially when the 
feed contains animal-based protein sources. This relationship 
is directly proportional, indicating that as the protein 
concentration in the diet increases, the body protein also 
increases, accompanied by a noticeable rise in the activity of 
certain digestive enzymes, as illustrated by Nazir et al. 
(2023). Fish rely on high levels of protein in their bodies and 
the strong activity of digestive enzymes through increasing 
the concentration of protein in their feed, which is evident in 
farmed fish when the levels of protein concentrates in their 
diets are raised (Silva & Chamul: 2000). However, 
concentrations of protein in fish feed, particularly for farmed 
fish, are not the only means of increasing the levels of some 
digestive enzymes; but there are many natural protein 
alternatives that can enhance enzyme activity. Thus, high 
protein concentrations in fish bodies can be attained, 
especially from natural food sources (Li et al., 2022; Shiyou 
et al., 2024). 
 

The concentration of protein in the stomach content of 
predatory or carnivorous fish varies due to several 
environmental factors that affect the availability of food for 
these fish, as indicated by Ahmed et al. (1984). Among these 
factors are water temperature and pH. Temperature changes 
influence the consumption of available nutrients by fish in 
their environment, with feeding behavior varying by species, 
as noted by El-Sayed & Moharram (2007), particularly in 
predatory fish. These fish select their food based on its 
availability and type. Since temperature is influenced by the 
season or time of year, this in turn affects the availability of 
natural food for these species, leading to variations in protein 
concentration in their stomachs, as observed by Ahmed et al. 
(1984). Consequently, this results in differences in protein 
levels and the activity of certain enzymes in the flesh and 
bodies of these fish. 
Other possible reasons include differences between sexes and 
age, as indicated by Hbashy (1972) and Nargis (2006). 
Additionally, metabolic rate and feed conversion efficiency in 
fish vary with temperature and other environmental changes 
that occur with seasonal shifts, as confirmed by Al-Shekh et 
al. (1991) and Rasul et al. (2021). Depending on the species 

Volume: 4  Issue: 9  Pages: 176-179 

International Journal of Advance 
Studies and Growth Evaluation 

 



 

177 

https://alladvancejournal.com/ International Journal of Advance Studies and Growth Evaluation 

and the type of available food in the environment, we observe 
an increase in metabolic rate with higher temperatures. 
Regarding the role of different enzymes among species, 
enzyme concentrations vary by species and within genders of 
the same species, and follow seasonal patterns along with 
factors affecting food availability and temperature, as noted 
by Shafi & Jasim (1982), Al-Selah et al. (2010), and Rasul et 
al. (2021). It is worth mentioning that most dominant species 
in Iraqi inland waters belong to the Cyprinidae family, which 
share many external morphological traits and feeding habits, 
as noted by Hadi et al. (2023). 
 
Materials and Methods 
Twenty fish of the local carnivorous species, including 
Leuciscus vorax, Silurus triostegus, and Coptodon zillii were 
caught from various locations in Baghdad, Diyala, and Wasit 
using standard hand nets. The fish were collected in three 
separate batches, one in each of the three different seasons: 
autumn, winter, and spring, resulting in a total of 180 fish 
over the three seasons. The species were identified at the Fish 
Laboratory of the Iraqi Natural History Research Center and 
Museum. The stomach contents of each species were isolated 
individually and preserved in refrigerated bottles until 
analysis could be conducted. Each type of analysis was 
performed in replicates to ensure the accuracy of the final 
results. A micro-Kjeldahl apparatus was used to measure the 
protein concentration in the stomach contents of the three 
species. For enzyme activity measurement, muscle samples of 
the studied species were prepared as follows: 
 
Measuring the Effectiveness of Glutamic-Oxaloacetic 
Transaminase (GOT)  
The effectiveness of this enzyme was measured in blood 
serum using several kits obtained from the Institute of Serums 
and Vaccines. These kits relied on the colorimetric method, 
and the testing procedures were carried out according to the 
instructions provided by RANDOX, the supplier of the kits. 
The samples were read with a spectrophotometer at a 
wavelength of 546 nanometers, based on the method 
described by Reitman & Frankel (1957). 
 
Measuring the Effectiveness of Glutamic-Pyruvic 
Transaminase (GPT)  
The examination was conducted using kits obtained from the 
Institute of Serums and Vaccines, following the same 
procedures as the previous test. The process was carried out 
according to the instructions provided with the kits, in 
accordance with the method described by Reitman & Frankel 
(1957). 
 
Measuring the Effectiveness of Alkaline Phosphatase 
(ALP)  
The examination was carried out using kits obtained from the 
Institute of Serums and Vaccines, following the procedures 
outlined in the accompanying brochure provided by the 
French company (bioMérieux). This method, based on a 
colorimetric assay, was used to measure the enzyme activity. 
The samples were read using a spectrophotometer at a 
wavelength of 510 nanometers, following the method 
described by Kind & King (1954). 
 
 
 
 
 

Results and Discussion 
Figures 1, 2, and 3 illustrate the local carnivorous species that 
were captured and identified in this study. 
 

 
 

Fig 1: Leuciscus vorax 
 

 
 

Fig 2: Silurus triostegus 
 

 
 

Fig 3: Coptodon zillii 
 
Table 1 presents the results of protein analysis in the stomach 
contents of the three species across the three seasons. It shows 
variations in protein concentrations for each species within a 
single season, as well as differences in these concentrations 
among the different species across the three seasons. These 
findings indicate that seasonal changes in protein levels for 
these species vary with changes in the season, temperature 
fluctuations, and the corresponding changes in the pH levels 
of the water, particularly during autumn and spring 
(Dembergs, 1964; Marais & Erasmus, 1977). 
During the analysis of the flesh from these different fish 
species, it was observed that there was a notable increase in 
moisture content compared to the protein levels in the 
stomachs of these species. Moisture content was high across 
all species, particularly in spring, which is a preparation 
period for reproduction and the maturation of reproductive 
organs, as described by Nabi & Hossain (1989). Conversely, 
protein levels in the diet of these species increased with a 
decrease in moisture content after sexual maturity and full 
development of reproductive organs in preparation for 
spawning, as noted by Epler et al. (2001). 
 
Table 1: Protein concentration in the stomach content of the 

three species during the three different seasons 
 

Protein concentration in stomach content% 
of dry matter Species 

Spring Winter Autumn 
20.67 18.20 19.80 Leuciscus vorax 
19.50 20.54 23.50 Silurus triostegus 
18.90 18.10 16.34 Coptodon zillii 

 
Table 2 provides details on the concentrations of certain 
enzymes in the flesh of the three species across the three 
different seasons. 
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Table 2: Concentrations of some enzymes in the meat of shuck, jari, 
and tilapia fish in three seasons of the year 

 

Species 
Enzyme 

concentration Season Coptodon 
zillii 

Silurus 
triostegus 

Leuciscus 
vorax 

19 23 23 ALP 
Autumn 6.1 7.3 7.1 GPT 

60 71 69 GOT 
21 22 21 ALP 

Winter 5.7 6.1 5.9 GPT 
57 63 60 GOT 
20 20 20 ALP 

Spring 4.6 4.7 4.7 GPT 
54 56 55 GOT 

 
It is observed that the concentration of the enzyme GOT 
increased by 14 units/gram in the summer. This enzyme plays 
a crucial role in amino acid metabolism in the body and is 
responsible for cell proliferation. This effect becomes evident 
with the rise in temperatures during the summer, as noted by 
Yang et al. (2019) and Li et al. (2022). On the other hand, the 
concentration of the enzyme GPT increased by 2.4 units/gram 
in summer. Both enzymes are important in the protein 
metabolism cycle in the body and in the deposition of proteins 
as fibrous tissues in fish flesh. They transport essential amino 
groups needed for building muscle cells, which supports the 
findings of Karmen et al. (1955), Shafi & Jasim (1982), and 
Giannini et al. (2005).  
In general, fish typically release their reproductive products 
during the spring, from mid-February to mid-March. 
Following this period, the fish enter full sexual maturity, 
accompanied by seasonal sexual morphological changes, 
especially in males. This was observed by Ibrahim and 
Ghazwan (2016) in their study of L. vorax during the mating 
season, as illustrated in Figure 4. The changes in these 
enzymes are accompanied by alterations in the size and shape 
of the reproductive organs in both sexes. This is clearly 
evident from the analysis of amino acid transaminases during 
the spring season. This pattern generally applies to most Iraqi 
fish species during this spring period, as shown in Figures 5 
and 6. Amino acids are lost due to reproductive stress and 
pressure on fish during spawning, impacting their vitality as 
they expend energy to maintain the species and search for 
food to enhance reproductive capacity in spring, especially in 
Iraq (Reitman & Frankel, 1957; Hbashy, 1972).  
Conversely, it is observed that the levels of amino acid 
transaminases increase during the summer, as fish compensate 
for the weight lost during spawning and reproduction in the 
spring, particularly (Reitman & Frankel, 1957; Wootton, 
1974; Wootton, 1998; Satyanarayana, 2018; Jeyasanta & 
Patterson, 2023).  
 

 
 

Fig 4: Enzyme concentration of Leuciscus vorax 

 
 

Fig 5: Enzyme concentration of Silurus triostegus 
 

 
 

Fig 6: Enzyme concentration of Coptodon zillii 
 
There was no significant change observed in the concentration 
of the enzyme Alkaline Phosphatase (ALP) across the three 
studied species. Additionally, the values of this enzyme 
showed only slight variations throughout the three seasons of 
this study, as illustrated in Figures 4, 5, and 6. ALP is 
considered a good indicator of overall bodily condition and 
vitality, particularly in assessing malnutrition, damage to 
internal organs, and liver activity across vertebrates, including 
fish (Shipman et al., 2013; Lowe et al., 2023). 
The seasonal variation in food availability significantly 
impacts the protein content in the diet of fish, which in turn 
affects the protein content in their stomachs (Ahmed et al., 
1984). During the breeding season, which generally occurs in 
spring for local species, changes in fish bodies have a 
significant impact on the levels of body components, 
particularly proteins and fats. Additionally, variations in 
different enzymes correspond to the season, leading to 
fluctuations in protein levels (Phillips, 1966; Wootton, 1974; 
Wootton, 1998; Satyanarayana, 2018; Jeyasanta & Patterson, 
2023). 
In general, the composition of fish bodies, the contents of 
their digestive tracts, and the nature of their flesh are directly 
influenced by the species, age, and sex of the fish, as well as 
the type and nature of their diet. Moreover, the feeding 
behavior of these species when accessing different food 
sources varies according to the type of fish (Phillips, 1966; 
Gras et al., 1967; Nasef, 2021; Krishna et al., 2023). 
 
Conclusion 
Based on this study conducted on three local species of 
carnivorous fish, we can infer that protein concentration 
levels increase directly with the increase in the proportion of 
protein components in the fish's diet. Additionally, an 
increase in the activity of certain digestive enzymes, which 
play a crucial role in the synthesis and formation of essential 
amino acids used in muscle cell construction, was observed. 
Consequently, the relationship between growth and changes 
in environmental factors such as temperature and the 
availability of natural food for each species is positively 
correlated. In other words, growth increases with the rise of 
these factors, particularly as warmer seasons like spring 
approach. 
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