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Abstract 

The main purpose of the present study was to investigate the effect of pultry by-product 

powder replacement instead of fish meal at levels of 0, 25, 50, 75 and 100% on structure of 

skin tissue of Nile tilapia. After 8 weeks, 5 specimens of each treatment were selected. After 

biometrics 0.5 centimeter specimen dorsal of head, middle of the trunk and caudal stalk were 

removed and immediately were placed in 10%formalin buffer. Rutine procedure of tissue 

prepration was done and sections of 4-6 micron thicknesses were stained by hematoxylin-eosin 

(H&E), periodic acid schiff (PAS) and masson's trichrome histochemistry staining. 

Microscopic results showed that in control group mucosal cells count, taste buds count, 

epiderm thickness and collagen thickness increased compared to other groups. Instead in group 

fed100% pultry by-product increased club cells count and chromatophore thickness compared 

to other groups and there was a significant difference to some groups (p≤0.05). According to 

the results of this study, it can be concluded that pultry by-product powder replacement instead 

of fish meal up to 100 % is tolerable for Nile tilapia. Because according to this study, no 

lesions or adverse effects on the histomorphology of skin were reported. 
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1. Introduction 

The Nile tilapia reaches up to sixty cm  in length 

and can exceed 5 kg. As typical of tilapia, males 

reach a larger size and grow faster than 

females.Wild, natural type (Ahmadifar et al., 2011). 

Nile tilapias are brownish or grayish overall, often 

with indistinct banding on their body, and the tail is 

vertically striped. When breeding, males become 

reddish, especially on their fins. Most tilapia are 

microphytes, but some also prefer higher plants 

(Hernandez et al ., 2009). Researchers have used 

Tilapia skin for patients with grade 2 and 3 burns, 

leaving the skin on the burn and dressing it without 
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using any other creams or medications (Cordero et 

al., 2016). After 10 days, the dressing is removed and 

the dried fish skin is easily removed from the wound. 

The researchers hope that tilapia skin will be 

produced on a large industrial scale to treat burns and 

will be available at health centers. In aquaculture, 

nutrition plays an important and fundamental role in 

maintaining the health and high yield of aquatic 

animals. Researchers also believe that the quality and 

quantity of diet can affect the metabolic distribution 

of dietary compounds between anabolism for storage 

and catabolism for energy production (Giri et al., 

2010). Therefore, the use of a balanced and 

appropriate diet plays an important role in meeting 

the nutritional needs of aquatic animals and their 

successful breeding. In general, the food ingredients 

used in aquaculture can be divided into two energetic 

and non- energetic categories. A good diet includes 

adequate amounts of energy, a mixture of amino 

acids and fatty acids, and adequate amounts of 

vitamins and minerals (Pares-Sierra et al., 2012). 

Physiologically, proteins, carbohydrates, and fats 

have a significant effect on each other's metabolism 

(Bureau et al., 2000). Thus, if the amount of 

carbohydrates and fats available is sufficient, most of 

the protein in the food will be used instead of being 

metabolized and providing energy to provide tissue 

structure and ultimately aquatic growth. Studies have 

shown that macroscopically and microscopically, 

there are significant differences in the shape and 

function of skin tissue between different species of 

fish, including zooplankton, phytoplankton and 

omnivores (Fasakin et al., 2005). In general, the 

histological structure of the skin in different fish 

species varies according to the type of food, 

nutritional behaviors and body shape, so that in one 

species, depending on the place of residence, season, 

age and time of reproduction, changes are observed 

(Kulczykowska et al., 2018). Based on the studies of 

the texts, it was found that so far no research has 

been done on the effect of pultry by-product powder 

replacement instead of fish meal with the 

percentages mentioned in the diet on the tissue 

structure of Nile tilapia skin. This research has been 

done to achieve this goal so that it can be used in 

research centers, reproduction and breeding of this 

species to achieve the best efficiency and use of 

other protein sources. 

2. Materials and Method 

This research has been performed in the laboratory 

of the aquaculture department of the Faculty of 

Veterinary Medicine of Shahid Chamran University 

of Ahvaz for 8 weeks (De Mercado et al.,  2018). For 

this purpose five 300-liter tanks with three 

repetitions were used to perform this 

experiment.These tanks have a running water system 

in an indoor space equipped with an aeration system, 

central water drain, climate regulation valves, as well 

as a heating system. The growing Nile tilapia were 

randomly released in each tank with an initial mean 

weight of 42.22±1.14gr. During the feeding test, the 

fish was fed twice a day at 10 a.m. and 5 p.m. 

(Sepahi et al., 2017). In this study, 5 experimental 

diets with a protein level of 45% were defined for 

fish. After each meal, the physicochemical factors of 

the water were measured both in the morning and at 

noon (Tables 1 to 4). 

At the end of the sampling period, 5 pieces of each 

treatment were performed after anesthesia with clove 

powder and then biometrics were performed on 

them. Then, specimens with a maximum thickness of 

5 mm were removed from the skin of the dorsal of 

the head, middle of the trunk and caudal stalk, and 

after fixing in the 10% formalin buffer solution, the 

usual methods of preparing tissue sections, including 

hydration with ethanol enhancement series, 

clarification with xylene and paraffin impregnation 

were performed (Fernandez-Alacid et al., 2019). So 

that the samples were blocked in paraffin molds, then 

slices 4 to 6 μm thick were prepared and stained with    
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Table 1: Percentage of the nutrients used in different diets 

Group 4 Group 3 Group 2 Group 1 Control Diets 

0 11.25 22.50 33.75 45 Fish powder 

45 33.75 22.50 11.25 0 Pultry by-product 

11 11 11 11 11 Soy flour 

12 12 12 12 12 Wheat flour 

9.5 9.5 9.5 9.5 9.5 Gluten 

8 8 8 8 8 Fish oil 

8 8 8 8 8 Soy oil 

0.046 0.046 0.046 0.046 0.046 Antioxidants 

1.57 1.57 1.57 1.57 1.57 Vitamin pre-mix 

1.57 1.57 1.57 1.57 1.57 Mineral pre-mix 

0.05 0.05 0.05 0.05 0.05 L-carnitine 

1.5 1.5 1.5 1.5 1.5 Methionine 

1.5 1.5 1.5 1.5 1.5 Lysine 

0.186 0.186 0.186 0.186 0.186 Antifungal 

100 100 100 100 100 Total 

 

Table 2: Approximate analysis of pultry by-product powder and fish meal used in different diets 

TVN 

(100 g /g) 

Fiber 

)%( 

Ash 

)%( 

Moisture 

 

Carbohydrate 

)%( 

Lipid 

)%( 

Protein 

)%( 
Diets 

93.28 1.65 9.35 1.22 1.44 10.25 65.35 Fish meal 

75.44 2.11 7.22 6.21 2.45 1.05 61.33 Pultry by-product 

 

Table 3: Physicochemical factors of tanks used during the breeding period 

pH Oxygen Temperature Salinity Parameter 

6.65 7.25 27.35 4.12 Average 

 

Table 4: Mean ± SEM of the microscopic factors studied that weight is in grams and length is in centimeter 

Standard length Initial weight Parameters 

29.11±1.54 14.28±1.13 42.22 ± 1.14 

 

hematoxylin-eosin (H&E), periodic acid Schiff 

(PAS) and masson's trichrome histochemistry 

(Pereira et al., 2017). Then, the tissue structure of the 

skin was studied by Olympus (Japan) optical 

microscope equipped with Dinolite camera and 

computer system equipped with Dinocapture 

software histomorphometry method. For this 

purpose, after measuring the studied factors, the data 

were transferred to SPSS software version 18 and 

analyzed by one-way analysis of variance (Anova) 

based on the value of (p≤0.05) (Kelly et al., 2017). 
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3. Results and Discussions 

After the end of the breeding period, it was 

determined that the highest weight and the final 

length were 126.62 ± 11.23 g and 18.18±1.22 cm 

respectively, belonging to the control group. While 

the lowest weight and final length were reported to 

be 86.42±11.41 g and 16.18± 1.32 cm, respectively, 

related to the fourth group. The results of the 

historomorphology obtained from this study showed 

that the skin of the dorsal head, middle of body and 

caudal stalk despite the structural differences 

between the two rows, including the epidermis and 

dermis, is located on a loose connective tissue called 

the hypodermis. The epidermis was composed of 

non- keratinized stratified squamous epithelium with 

different thicknesses in different parts. This tissue 

was found to include mucosal cells, club cells, taste 

buds and blood vessels. The mucosal cells in the 

middle to outer layers of the epidermis and in PAS 

staining were colored brightly to purple. Club cells 

have large, bulky shapes that have been observed in 

the deep layers of the epidermis and respond 

negatively to the PAS staining. The taste buds were 

cells with elongated structures that open to the 

surface of the skin through a pore. The dermis was 

located below the epidermis, made up of two layers 

of spongy and reticular. The spongy layer was a 

loose network of collagen filaments with cellular 

elements in which pigment cells were also observed, 

which were located in two to three rows and 

scattered throughout the length of the dermis. The 

reticulum layer was hard, irregular connective tissue 

in which collagen clusters were placed in parallel and 

dense layers next to each other and less cellular 

elements were observed. Subsequently, hypodermis 

was observed under the dermis, which was a loose 

connective tissue located on the skull bone in the 

head area. In histometric studies in all three study 

areas the highest number of mucosal cells,  taste 

buds, collagen thickness and the thickness of the 

epidermis were seen in the group fed with %100 fish 

meal and the lowest in the group fed by %100 pultry 

by-product powder. While the highest number of 

club cells and chromatophore thickness were seen in 

the group fed by %100 pultry by-product powder and 

the lowest in the group fed by %100 fish meal 

(p≤0.05). Taste buds not seen in group 3 and 4. Also 

club cells not seen in control group in skin of middle 

of body and caudal stalk. For this purpose, counting 

the number of cells epidermal thickness, 

chromatophore thickness and collagen thickness per 

100 micrometers of skin and in ten microscopic 

fields in different parts of the slide was observed. 

The health status of the skin in the fish indicates 

the health status of other aquatic organs (Abdul-

Halim et al., 2014). Nutrition and its effects on the 

skin have also been controversial for scientists. 

Vitamins, carotenoids, tocopherols, flavonoids, and a 

variety of plant extracts have been reported to have 

strong antioxidant effects to keep skin healthy and 

active (Cavalheiro et al., 2007). Due to the fact that 

most of the nutritional needs of fish species are not 

yet known, it seems necessary to study nutrition in 

fish, especially farming (Salinas and Magadan, 

2017). Over the past three decades, much progress 

has been made in building more than forty nutrients 

needed for optimal growth and better use of food to 

prevent diseases caused by one or more nutrient 

deficiencies. Nutritional and physical characteristics 

of diets can alter fish's ability to fight infectious 

diseases (Yildrim et al., 2009). Outbreaks appear to 

be exacerbated during childhood and adolescence. In 

fact, proper nutrition such as the presence of macro 

and micronutrients including amino acids, fatty 

acids, vitamins and trace elements has been reported 

to be essential for improving health and disease 

prevention in aquaculture environments (Benhamed 

et al., 2014). Based on the results of this study, it was 

found that the overall structure of the skin in Nile 

tilapia was very similar to the structure of this tissue 

in other bony fish and there were differences in the 
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position of different parts and sizes. This finding was 

observed by other researchers who have studied 

species such as salmon, catfish, and other similar 

species (Baghaei Jezeh et al., 2014).The difference 

between fish skin and the skin of other vertebrates is 

remarkably prominent on its surface, where living 

epidermal cells are in contact with the aquatic 

environment and lack coticule secretion but contain 

mucus (Day et al.,  2014; Rawles et al., 2006).   

Table 5: Measure of factors studied in skin of dorsal head of different diets (* sign in each row indicate a significant 

difference at level of (p≤0.05)) 

Dorsal of head 

Group 4 Group 3 Group 2 Group 1 Control Treatments 

19.52±2.82** 23.51±4.72** 27.55±3.67* 30.36±3.55* 35.56±4.52* Mucosal cells count 

15.21±1.28** 13.11±1.54** 10.11±1.32** 7.81±1.21* 5.71±1.22* Club cells count 

Not seen Not seen 1.11±0.63* 2.11±0.43** 3.31±1.21* Taste buds count 

15.15±3.33** 18.61±3.22** 21.60±4.13* 25.39±4.17* 28.65±5.74* Epiderm thickness  

9.23±1.44** 8.63±1.61** 6.13±1.16* 4.38±1.72* 3.13±1.34* Chromatophore 

thickness  

17.19±2.44*** 19.55±3.71*** 23.11±3.41** 27.55±3.33* 30.15±5.49* Collagen thickness 

 

Table 6: Measure of factors studied in skin of middle of the body of different (* sign in each row indicate a significant 

difference at level of (p≤0.05)) 

Middle of body 

Group 4 Group 3 Group 2 Group 1 Control Treatments 

12.82±2.92** 14.11±2.12** 16.59±2.63* 20.39±3.48* 24.55±4.22* Mucosal cells count 

11.31±1.21** 10.15±1.58** 7.17±1.22* 5.11±1.11* Not seen Club cells count 

Not seen Not seen 1.31±0.41* 2.15±1.41** 2.61±1.61* Taste buds count 

10.12±3.56** 15.21±3.67** 19.62±4.22* 21.29±4.62* 25.35±5.16* Epiderm thickness 

9.21±1.43** 7.33±1.21** 5.12±1.11* 3.18±1.32* 2.21±1.34* Chromatophore 

thickness 

16.14±2.62*** 17.37±3.34*** 22.11±3.33** 25.25±3.32* 27.11±5.22* Collagen thickness 

 

Table 7: Measure of factors studied in skin of caudal stalk of different diets (* sign in each row indicate a significant 

difference at level of (p≤0.05)). 

Caudal stalk 

Group 4 Group 3 Group 2 Group 1 Control Treatments 

13.62±2.39** 15.14±2.28** 18.51±2.33* 19.72±2.17* 21.52±4.25* Mucosal cells count 

10.51±1.11** 9.16±1.88** 6.11±1.36* 4.18±1.31* Not seen Club cells count 

Not seen Not seen 1.21±0.61* 2.11±1.52** 2.21±1.41* Taste buds count 

12.16±3.77** 14.11±3.37** 19.02±4.55* 21.69±4.22* 23.33±4.15* Epiderm thickness  

8.55±1.72** 6.30±1.47** 4.15±1.66* 2.15±1.22* 1.11±1.57* Chromatophore 

thickness  

14.18±2.39** 16.33±3.38** 21.18±3.47* 23.23±3.41* 25.14±4.28* Collagen thickness 
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The study found that in all groups, the most 

superficial layer of skin had epidermal surface cells 

along with mucus-secreting cells, but no protective 

layer of cuticle was observed. Distribution and 

location of mucosal cells, club cells and sensory buds 

are vary in different fish (Goda et al., 2007; Pine et 

al., 2008). Also thickness of epiderm, chromatophore 

and collagen in different species and even in one 

species will vary depending on the location of the 

tissue sampling (Du et al., 2009). In bony fish, cone 

cells remain in the outer layer of the epidermis and 

retain their divisibility and are used for repair 

(Karlsen et al., 2018; Patel  and Brinchmann, 

2017).In bony fish, cone cells remain in the outer 

layer of the epidermis and retain their divisibility and 

are used for repair. Therefore, due to the live and 

active nature of the epidermis in fish, this layer is 

altered by factors such as nutrition and its 

composition, age, environmental pollution and other 

physiological conditions (Micallef et al., 2017). 

Researchers showed that the thickness of epidermis 

varies in different parts of the fish's body, and that 

the epidermis on the dorsal surface of the head is the 

thickest and has more ten layers of cells that are 

consistent with recent studies on epidermis of dorsal 

surface of the head in Nile tilapia (Nguyen and 

Davis, 2009). In this study, in the control group, 

which used fish meal due to the proliferation of 

mucosal cells and taste buds, the thickness of the 

epidermal layer was increased compared to other 

groups. In this study, by changing the diet from fish 

meal to chicken powder, a significant change was 

made in the composition of the protein received by 

the fish. As a result, the increase in collagen 

thickness in the control group was not unexpected 

compared to other groups. Because collagen is one of 

the most abundant and important proteins in fish 

skin, it is strongly influenced by the protein received 

(Karlsen et al., 2018). According to researchers  skin 

pigment translocation could be under hormonal or 

neuronal control. Noradrenaline is a neurochemical, 

which influences the pigment translocation. Pigment 

translocation is regulated by melanocortins, 

melatonin, and melanin concentrating hormone. 

Relation between chromatophores physiological 

state, nutrition and reproductive cycle has a 

significant influence on the skin pigment cells 

(Salinas and Magadan, 2017). 

4. Conclusion 

In conclusion, the results of this study suggested 

that replacing pultry by-product instead of fish meal 

in Nile tilapia diet does not have any adverse effects 

on the skin of this fish. Therefore, pultry by-product 

can be a good substitute for fish meal in the Nile 

tilapa diet because they are economically viable and 

can be extracted from the poultry slaughterhouse in 

the required amount. 
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