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Abstract 

Fish products in Iraq are low-priced relative to their high nutritional value, and an important 

part of the Iraqi people's diet. However, freezing process may affect the nutritional values of these 

products. The study was conducted to detect nutrient levels, including protein, glycogen, and 

collagen, in the fish product’s meat using histochemical studies. From Iraqi markets, 36 skeletal 

muscle samples were taken from three types of fish products such as Nile tilapia fillets, Pangasius 

steaks, and Atlantic salmon portions. All samples were dyed with Bromophenol blue stain, 

Periodic-acid Schiff stain, Malory`s trichrome stain and measured by the ImageJ program. The 

histochemical work revealed that muscles of Atlantic salmon portions were the richest in protein, 

while Pangasius steaks had the lowest protein content. Nile tilapia fillets had the highest glycogen 

and collagen ratio in this study. Thus, Atlantic salmon portions and Nile Tilapia fillets are good 

options for dieting. 
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1. Introduction 

Fish meat is a balanced food due to its 

high nutrient level and affordability, which 

offers many health advantages [1]. Fish and 

fish products are good substitutes for red 

meat, which sometimes causes hazards to 

human health [2]. Fish muscles have 

excellence protein, which contains essential 

amino acids. Moreover, they possess a lower 

amount of collagen fibers in the connective 

tissue of fish muscles than red flesh, which 

improves the digestion of fish flesh [1]. 

While glycogen in fish muscles is found 

in lower amounts than in mammals, which 
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lead to the production of less lactic acid upon 

death [3]. The frozen preservation of fish in 

long-term causes their widespread 

distribution, which enhances the condition of 

the industry's financial status and increases 

the access of the population to the nutritional 

advantages of fish [4]. The process of food 

freezing can reduce the speed of its physical, 

biological, and chemical deterioration [5]. 

Freezing causes a prolonging of the shelf 

life of fish flesh and long-term preservation, 

but it is known to cause chemical changes, 

such as denaturation of proteins, which 

affects the sensory quality of the fish meat 

[3]. In addition, the tissue structure, proteins, 

and fatty acids of fish muscle are extremely 

unstable, and when they are thawed and 

refrozen, their increased moisture level leads 

to noteworthy quality alterations [6]. This 

study was performed to detect the value of 

nutrients of imported frozen fish products in 

Iraqi markets by using the histochemical 

study of the flesh of these fish products. 

 

2. Materials and Methods 

Muscle specimens were collected from 

36 samples of three types of fish products. 

Including 12 Nile tilapia (Oreochromis 

niloticus) fillets, 12 Pangasius 

(Pangasianodon hypophthalmus) steaks, and 

12 Atlantic salmon (Salmo Salar) portions. 

Muscle samples were removed from the 

dorsal region of fish products and were kept 

clean, labeled containers containing 10% 

formalin for 48 hours. 

After that, specimens were subjected to 

the remaining steps of tissue processing, 

which were washing with tap water, 

dehydrating with ethanol gradients, clearing 

using xylene, infiltration, and embedding in 

paraffin and cut into 5 µm. Specimens were 

stained with Bromophenol blue stain (BPB) 

[7], Periodic-acid Schiff stain (PAS) [8], and 

Malory`s trichrome stain [9], for detecting 

protein, glycogen, and collagen content. 

Whole tissue slides were examined, and 

photomicrographs were taken. The ratio of 

surface area of stained section was measured 

for total protein, glycogen, and collagen 

using the ImageJ program. The statistical 

analysis was performed using mean and 

standard deviation of ratios and the T-test, 

which was limited to significant differences p 

≤ 0.05. 

 

3. Results and Discussion 

3. 1 Histochemical Result 

3. 1. 1 Protein Measurements 

The histochemical examination 

showed that the accumulation of protein 

appeared as a dark blue splatter within the 

myocytes in the muscle tissue of the studied 
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species. This color was obtained by staining 

the muscle tissues with BPB stain, as noted in 

figures 1, 2, and 3. Furthermore, this study 

revealed that the percentage of total protein 

in imported frozen fish products was 18.6 ± 

1.6%, 14 ± 0.2%, and 20 ± 0.3% in the muscle 

of Nile tilapia fillet, Pangasius steaks, and 

Atlantic salmon portions, respectively. 

There were significant differences 

among Pangasius steaks and other fish 

products (Nile tilapia fillet and Atlantic 

salmon portions) in the present study, at (p ≤ 

0.05), as listed in table 1. The result of total 

protein in Nile tilapia fillet coincides with 

findings of Geremew in Nile tilapia [10]. The 

ratio of total protein in Pangasius steak, in 

accordance with Pongpet in frozen P. 

hypophthalmus [11]. While this result 

contrasts with the reported value of Chakma 

who reported the protein percent in farmed P. 

hypophthalmus was 20.19 ± 0.06% [12]. 

Also, the protein proportion in 

Atlantic salmon matched reached in Atlantic 

salmon [13]. The result demonstrated that the 

total protein in Atlantic salmon was higher 

than in other fish products. These results 

showed that the proportion of total protein in 

the muscle of the studied species was more 

than %15. That was considered a high 

proportion of protein in animal muscles, 

except that in Pangasius steak, which was 

below 15% [14]. Through the statistical result 

of protein ratio, the total protein in Pangasius 

steak was lower than that of other species in 

this study. That is probably due to the 

denaturation of the cellular myofibril proteins 

during the freezing storage period and 

proteolysis after postmortem [15]. 

 

3. 1. 2 Glycogen Measurements 

The microscopically scanning 

observed the distribution of glycogen in all 

studied species, which was stained with a 

dark magenta color by staining with PAS 

stain. This observation revealed that the 

scattered distribution of glycogen as small 

dark magenta-stained granules or spots 

within myocytes appeared in figures 4, 5, and 

6 in the Nile tilapia fillet, Pangasius steaks, 

and Atlantic salmon portions. Moreover, the 

proportion of total glycogen in the meat of 

imported frozen fish products was 0.7 ± 

0.09%, 0.6 ± 0.09%, and 0.5 ± 0.03% in Nile 

Tilapia fillet, Pangasius steaks, and Atlantic 

salmon portions. 

A significant difference in glycogen 

ratio between Atlantic salmon and Nile 

tilapia, at probability (p ≤ 0.05), as listed in 

table 1. Results of Nile tilapia fillets agreed 

with in Nile tilapia [16]. The glycogen 

proportion of Pangasius steak, in line with 

what was reached in Pangasius pangasius 



Journal of Wasit for Science and Medicine        2026: 19, (3), 29-37 

32 
 

[17]. The total glycogen percentage in 

Atlantic salmon concords with the finding of 

Totland in Atlantic salmon [18]. Moreover, 

the glycogen in Nile Tilapia was higher than 

in other species studied. The glycogen level 

is highly related to animal feeding, these fish 

are omnivorous, but mainly eat plants, which 

utilize carbohydrates as energy and have a 

high ability to accumulate excess 

carbohydrates as glycogen and lipids [19]. 

 

3. 1. 3 Collagen Measurements 

Collagen was stained blue by staining 

the tissue section with Malory`s trichrome 

stain. The result of the present study observed 

that the collagen was in endomysium 

between muscle fibers and in myocommata 

between myomers, as shown in Figures 7, 8, 

and 9. 

The current study showed that the 

proportion of total collagen in the muscle of 

frozen imported fish products was 2.2 ± 

0.2%, 1.5 ± 0.4%, and 0.7 ± 0.09% in muscle 

of Nile tilapia fillet, Pangasius steaks, and 

Atlantic salmon portions. There were 

significant differences between types of 

frozen imported fish products in this study, at 

(p-value ≤ 0.05) table 1. 

The result of total collagen in the 

muscles of Nile tilapia was close to what 

found in Nile tilapia [20]. The percentage of 

Pangasius steaks disagrees with that claimed 

by Intarak who reported the collagen level in 

Pangasius bocourti as 3.70% [21]. The ratio 

of collagen in Atlantic salmon is close to 

founds in Atlantic salmon [22]. The 

differences between fish products are due to 

differences in species and habitat. The 

collagen is reduced during the freezing 

process, and the damage to collagen structure 

is highly related to the postmortem softness, 

as some researchers reported [23]. 

 

Table 1: Measurements of total protein, 

glycogen, and collagen in Nile tilapia fillet, 

Pangasius steaks, and Atlantic salmon 

portions. 

 

Fish products Protein Glycogen Collagen 

Nile tilapia 

fillets 

18.6 ± 

1.6% A 

0.7 ± 

0.09% A 

2.2 ± 

0.2% A 

Pangasius 

steaks 

14 ± 

0.2% B 

0.6 ± 

0.09% AB 

1.5 ± 

0.4% B 

Atlantic 

salmon 

portions 

20 ± 

0.3% A 

0.5 ± 

0.03% B 

0.7 ± 

0.09% C 

 

*The different capital letters in the same 

column showed a significant difference 

within the same column (p-value ≤ 0.05). 
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Figure 1: Muscle of Nile tilapia fillet shows 

the protein content (red arrow). BPB stain, 

20 ×. 

 

 

Figure 2: Muscle of Pangasius steak shows 

the protein content (red arrow). BPB stain, 

20 ×. 

 

 

 

Figure 3: Muscle of Atlantic salmon portion 

shows the protein content (red arrow). BPB 

stain, 20 ×. 

 

 

Figure 4: Muscle of Nile tilapia fillet shows 

high amount of glycogen content (red 

arrow). PAS, 40 ×. 
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Figure 5: Muscle of Pangasius steak shows 

the glycogen content (red arrow). PAS stain, 

40×. 

 

 

Figure 6: Muscle of Atlantic salmon portion 

shows the glycogen content (red arrow). 

PAS stain, 40 ×. 

 

 

Figure 7: Nile tilapia fillet muscle shows 

the collagen content (red arrow). Mallory`s 

Trichrome stain, 20 ×. 

 

 

Figure 8: Pangasius steak’s muscle shows 

the collagen content (red arrow). Mallory`s 

Trichrome stain, 20 ×. 
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Figure 9: Atlantic salmon portion’s muscle 

shows the collagen content (red arrow). 

Mallory`s Trichrome stain, 20 ×. 

4. Conclusion 

Despite the high demand for frozen 

imported fish products in Iraqi markets due to 

their low price. Protein content was high in 

the Atlantic salmon portions and Nile tilapia 

fillets, but the total protein in the muscles of 

Pangasius steaks were lowest in this study. 

This may be caused by deterioration in their 

tissue structure and denaturation of protein in 

muscle fibers by effecting of long freezing 

storage period, poor storage, and temperature 

fluctuations. 

Therefore, Pangasius steaks do not meet 

the required level of nutrient values of 

protein. Glycogen content was low in all 

types of fish products in this study. While 

collagen content in the muscles of Nile tilapia 

fillet was greater than that of other types of 

fish products. This gives hardness to muscle 

tissue and makes it maintain its tissue texture 

better than the other types in this study. 
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