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INTRODUCTION  

 

Recently, Iraq has witnessed a development in popular restaurants, leading to an increased 

demand for bread. The most consumed type of bread is the samoon produced by traditional 

stone ovens in Iraq. At the same time, feed prices have risen due to increased fish production 

(Nguyen & Kinnucan, 2018; Delgado et al., 2020). This has prompted the search for solutions 

to help boost production and enhance growth to address challenges in the labor market. As a 
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The study included adding stone oven samoon, a popular type of bread 

in Iraq, to carp's diets. The levels were distributed among five experimental 

diets, each representing a single treatment (Diet 1 = 0%, Diet 2 = 0.5%, Diet 

3 = 1%, Diet 4 = 2%, and Diet 5 = 3%). The fish were distributed across the 

experimental treatments in three replicates. The fish used in the study had an 

average weight of 10.36 ± 0.53g. They were fed on specific diets for a period 

of 72 days, during which the environmental changes in the tank water were 

monitored. The growth results of the experimental fish were recorded 

throughout the study. Fish from Diet 5 exhibited the highest final weight 

(WF) at 48.82 ± 1.61g and were statistically significant (P≤ 0.05). 

Improvement was observed in both the feed conversion ratio (FCR) at 2.40 ± 

0.08 and the specific growth rate (SGR) at 2.08 ± 0.03% day-1. The chemical 

composition of the fish bodies fed on the experimental diets was analyzed. 

Among the diets, Diets 5 and 4 showed significantly higher protein content in 

the fish bodies, with values of 73.61 ± 0.96 and 76.33 ± 1.26%, respectively, 

outperforming the other diets at a significance level of P ≤ 0.05. Moreover, 

Diet 1 showed a statistically significant (P ≤ 0.05) higher fat percentage at 

11.96 ± 0.61. We conclude from this study that the effect of samoon has 

significantly influenced both the chemical composition and body growth of 

the study fish. 
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result, efforts have been made to utilize the leftovers of the ovens, which are the remaining 

discarded samoon remnants. 

Bread is a common product in many countries. It is made from wheat grains and is a staple 

food in most countries worldwide. It is prepared by mixing flour with some secondary 

ingredients, fermenting the dough, and baking it in the oven. Afterward, it is left to cool and 

dry before consumption. Wheat meets about 23.4% of the world's food needs and is a 

significant source of nutrition for approximately 40% of the world's population, providing 

around 20% of the necessary calories and protein for humans (Mottalebet al., 2023). The bread 

industry faces challenges in many countries due to significant economic waste from the 

disposal of excess bread as restaurant leftovers. 

The common carp (Cyprinus carpio) is regarded as one of the highest-quality fish, highly 

valued by both consumers and producers throughout the production line (Karnai & Szűcs, 

2018) due to its attributes that qualify it to be among the priorities of the labor market. It 

withstands high summer temperatures, has high feed conversion efficiency, a short capital 

turnover cycle, delicious taste, and high immunity against diseases (Taheri-Garavand et al., 

2019;Yaqoob, 2021). These characteristics have made it this species the foremost fish in 

aquaculture in Iraq and globally. 

Nutrition is a crucial aspect of fish production projects, especially in operational expenses, as it 

constitutes 70-80% of the operational costs of medium-scale projects (Thiao & Bunting, 

2022). This percentage is significant in determining the cost of aquaculture project outputs. 

Furthermore, feed additives are important in promoting growth and ensuring production 

sustainability (Górniaket al., 2018; Hossain et al., 2024). 

This study aimed to address the increase in fish feed prices while tackling issues of sustainable 

environmental development by utilizing the waste from traditional stone ovens. Furthermore, it 

seeks to ensure growth promotion for fish by creating suitable and non-traditional feed 

alternatives. 

MATERIALS AND METHODS 

 

The fish used in the experiment 

The common carp fish were used in a study with an average weight of 10.36 ± 0.53 SD. The 

fish were sourced from a hatchery in Kut City, Iraq. They were exposed to a 2% saline solution 

for 5 minutes. The experiment lasted for 72 days from 10/4/2024 to 20/6/2024. 150 fish were 

used in the study, with 30 fish per treatment in three replicates. The study was conducted at 

Waist University / College of Agriculture   / Department of Animal Production / Kut / Iraq. The 

temperature in the study location ranged from 25 to 30°C. 
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The tanks used in fish culture 

Five tanks were used for the study with dimensions of 30 × 30 × 70cm, each containing 42L of 

water. All tanks were filled with household water after undergoing various treatments. A 

reserve tank was used to fill the water and remove chlorine from it before transferring it to the 

other tanks. The tanks were sterilized with sodium hypochlorite at a concentration of 200ppm, a 

highly oxidizing substance used worldwide as a disinfectant and bleach (Cheng et al., 2022). 

All tanks have designated areas for filter placement, including sponges and a gravel layer to 

create a simple internal filtration system for each tank. These tanks were filled with water, and 

a small amount of food was added to complete the biological cycle in each tank, creating a 

suitable environment for fish growth before introducing the fish for the study. All tanks were 

covered with nets to prevent fish from jumping out. The lighting used came naturally from 

sunlight during daylight hours. The pumps used in the study were simple pumps for water 

circulation in each tank, also commonly used in Iraq as natural ventilation cooling pumps. 

Environmental analyses 

 The temperature was recorded by immersing a locally sourced mercury thermometer, 

with a range of 0-50°C, in water for one minute. The water's salinity was checked using a 

portable EC meter from the Italian company, Hanna. Daily measurements of oxygen 

concentration were taken inside the basins using an oxygen concentration field device from the 

English company, Jenway. Water samples were collected daily from each basin to determine 

pH values and were tested using a portable EC meter from the Italian company, Hanna. 

Diet of fish 

 Five experimental diets were formulated containing sun-dried bread residues, naturally 

dried by sunlight, which were mixed with manufactured experimental feed materials. Different 

proportions of bread residues were added to the experimental diets (Diet 1 = 0%, Diet 2 = 

0.5%, Diet 3 = 1%, Diet 4 = 2%, and Diet 5 = 3%). The protein content in the experimental 

diets was 28.95%. A national brand meat grinder with 1.5mm diameter orifices was used to 

process the feed. Subsequently, the wet feed was extruded into threads and naturally dried with 

continuous stirring. The feed was then cut into discs and stored in suitable bags with an 

information lable on each bag, and the diet was stored at a temperature of 4°C to prevent 

spoiling (Table 1). 
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Table 1.  Formulations (g per 1000g) and chemical composition (%) of the experimental diets, 

(samoon) 

1Each gram contains vitamins A (800 IU), vitamin D3 (1500 IU), vitamin E (1mg), vitamin B1 (0.5mg), B2 

(0.5mg), B6 (0.2mg), B12 (0.008mg), folic acid (0.05mg), K3 (2mg), nicotinic acid (6mg), iron sulfate (0.5mg), 

manganese sulfate (0.4mg), cobalt chlorides (0.01mg), zinc sulfate (0.15mg).  

2Butyrate Hydroxyl Anisole (BHA) type antioxidant. 

3Total energy = % of protein x 5.56 + % of carbohydrates x 4.45 + % of fat x 9.2 

 

Growth performance 

Calculating statistical analysis for growth indicators of fish in the study experiment was based 

on the mathematical equations measuring fish growth. 

 Weight gain (WG) g = Final weight (FW)- Initial weight (IW) 

 Daily weight gain (DWG)g = Weight gain(WG)/ Time duration (days) 

 Feed conversion ratio(FCR) = Feed intake (g)/ Weight gain (g) 

 Feed conversion efficiency (FCE%) = Biomass(g) / Total feed intake(g) 

 Protein Intake(PI) = Feed Intake (g) × Protein in diet % /100  

 Protein efficiency ratio(PER) = Weight gain(g)/ Protein intake(g) 

Ingredient Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 

Soybean 350 350 350 350 350 

Yellow corn 300 300 300 300 295 

Barley 120 120 120 115 115 

Wheat bran 100 100 95 95 95 

Fish powder 100 95 95 95 95 

Vit mineral 
1mixture 

8 8 8 8 8 

Corn oil 20 20 20 20 20 
2Antioxidant 2 2 2 2 2 

Samoon 0 5 10 20 30 

chemical composition 

Moisture 5.79 5.04 6.74 5.15 5.79 

Protein 28.1 28.8 28.2 29.13 28.95 

Fat 5.2 5.8 5.3 5.2 5.3 

Fiber 6.5 6.8 6.5 6.8 6.1 

Carbohydrate 47.71 46.76 47.06 47.62 46.76 

Ash 6.7 6.8 6.2 6.1 7.1 

Kilocal/103Energy

0g 

416.3855 421.57 414.969 421.7118 417.804 
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 Specific growth rate (SGR %. Day-1) = 100 × [(ln final fish weight) - (ln initial fish 

weight)] /Time duration (days). 

Statistical analysis of the study experiment 

 The experiments were conducted following a fully randomized design with three 

replications. The treatments were evaluated, and the significance of the treatments was 

determined using the one-way ANOVA analysis with Origin Pro 2023 software. A comparison 

of treatment means was then performed, and significance was assessed using the Tukey test at a 

significance level of P< 0.05, accompanied by descriptive statistics (± SD). 

RESULTS  

 

 

Environmental measurements 

            The results showed average measurements of environmental factors, as displayed in 

Table (2), without noticing significant differences between the means since efforts were made 

throughout the 72-day study period to maintain these averages to create a suitable environment 

for raising the common carp. The recorded temperature ranged from 24.9 to 27.7°C, oxygen 

levels ranged from 6.9 to 8.2mg. L-1, pH ranged from 7.4 to 8.6, and salinity ranged from 1.8 to 

2.5mg. L-1. Furthermore, principal component analysis was conducted as shown in Fig (1), with 

percentage of variance (%) results indicating temperature at 1.90, oxygen at 3.79, pH at 39.69, 

and salinity at 54.60 mg. L-1. 

Table 2. The experimental treatment water's temperature rate, acid function value, dissolved 

oxygen concentration, and salinity value 

 

 

Salinity (mg.l-1) pH Oxygen (mg.l-1) water temperature (°C) Treatment 

1.8 7.9 8.2 25.9 Diet 1 

2.5 8.6 7.5 26.3 Diet 2 

2.5 8.6 7.6 27.7 Diet 3 

1.5 7.9 7.8 25.2 Diet 4 

2.4 7.4 6.9 24.9 Diet 5 
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Fig. 1. The principal component analysis (PCA) of the environmental measurements in the 

experimental tanks. Principal component analysis is a statistical technique that simplifies 

complex data sets by reducing the number of variables while retaining as much of the original 

spread as possible. PCA works by identifying underlying patterns in the data and representing 

them in a new set of variables called principal components 
 

Utilizing diets and growth 

Table (3) illustrates the statistical analysis of the varying growth data for carp fed on diets with 

multiple levels of Iraqi samoon (Iraqi bread) waste residues from samoon production ovens. 

Under the Diet 5 treatment, the results for FW, WGD, FI, and PI significantly increased (P ≤ 

0.05), with the recorded values being 48.82± 1.61g for FW, 0.53± 0.02g for WGD, 91.51± 

4.46g fish−1for FI, and 26.49± 1.29% for PI. 

Table 3. Growth of carp fed with diets containing different Iraqi samoon waste residues from 

samoon production ovens 

Values are mean ± SD (n = 3). Different letters in the same row indicate significant treatment differences (P ≤ 

0.05). Treatments (Diet 1 = 0%, Diet 2 = 0.5%, Diet 3 = 1%, Diet 4 = 2%, and Diet 5 = 3%). IW- The initial 

weight, FW- The final weight, WGD - daily weight gain, FI - Food intake, PI – Protein Intake.  

 

Diet  5 Diet  4 Diet  3 Diet  2 Diet 1  

10.83 ± 0.61 10.43 ± 0.15 9.93 ± 0.70 10.56 ± 0.20 10.03 ± 0.50 IW g 

48.82 a ± 1.61 45.54 a  ± 1.33 36.21 b  ± 0.49 37.74 b  ± 1.54 34.69 b  ± 2 .04 FW g 

0.53 a  ± 0.02 0.48 b ± 0.01 0.35 c ± 0.00 0.37 c  ± 0.02 0.33 c  ± 0.02 WGD g 

91.51 a ±4.46 85.70 a ±0.90 72.08 b ±2.79 76.59 b ±1.93 70.12 b ±3.83 FI (g. fish-1) 

26.49  a ±1.29 24.96 a ±0.26 20.32 b  ±0.78 22.05 b  ±0.55 19.7 b  ±1.07 PI % 
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Fig. 2. Correlation analysis (Plot Correlation) of the growth of carp-fed diets consisting of 

varying amounts of samoon from local restaurants in Iraq. 

Statistically significant results are in bold. R – Pearson correlation coefficient, P – P-value. IW- 

The initial weight, FW- The final weight, WGD - daily weight gain, FI - Food intake, PI – 

Protein intake 
 

 

           The statistical analysis of growth and feed utilization results in Fig. (3) indicates a 

significant difference (P ≤ 0.05) for treatments Diet 4 and Diet 5 in terms of WG and FCR. WG 

values were 35.10± 1.31g and 37.99± 1.01g for Diet 4 and Diet 5, respectively, while FCR 

values were 2.44± 0.11 and 2.40± 0.08 for the same treatments. There were no significant 

differences (P ≤ 0.05) among the remaining treatments. 

 

Fig. 3. (A) Weight Gain (WG) and (B) Feed Conversion Ratio (FCR) rates for treatments of 

Iraqi samoon waste (Diet 1 = 0%, Diet 2 = 0.5%, Diet 3 = 1%, Diet 4 = 2%, and Diet 5 = 3%) 

Values (Mean ± SD) for the treatments are presented in the Figure. The letters above the 
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treatments indicate significant differences between treatments. The analysis was conducted 

using the Tukey Test in a one-way ANOVA design. 

 

The statistical analysis results for growth and feed utilization are illustrated in Fig. (4). There 

was a significant improvement (P ≤ 0.05) in the specific growth rate (SGR) for treatments (Diet 

4 and Diet 5), recorded as 2.04 ± 0.04% day−1 and 2.08 ± 0.03% day−1, respectively. 

Additionally, treatment Diet 5 showed a significant increase (P ≤ 0.05) in protein efficiency 

ratio (PER), recorded as 1.43 ± 0.05, compared to the other treatments. 

 

 

Fig. 4. (A) Specific growth rate (SGR) and (B) Protein efficiency ratio (PER) rates for 

treatments of Iraqi samoon waste (Diet 1 = 0%, Diet 2 = 0.5%, Diet 3 = 1%, Diet 4 = 2%, and 

Diet 5 = 3%) Values (Mean ± SD) for the treatments are presented in the Figure. The letters 

above the treatments indicate significant differences between treatments. The analysis was 

conducted using the Tukey Test in a one-way ANOVA design 

The chemical composition of fish bodies fed on experimental diets (protein, lipid) 

Fig. (5) shows that the percentage of protein in the bodies of fish fed the experimental diet 

treatments Diet 4 and Diet 5 significantly outperformed (P ≤ 0.05), recording 73.61 ± 0.96 and 

76.33 ± 1.26%, respectively, followed significantly (P ≤ 0.05) by treatment Diet 3, recording 

70.46 ± 1.29%. For the fat percentage in fish bodies, it was significantly increased (P≤ 0.05) in 

treatment Diet 1, recording 11.96 ± 0.61% compared to the other treatments. 
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Fig. 5. (A) Raw protein percentages and (B) Fat percentages in the bodies of fish fed on 

experimental diets for treatments of Iraqi samoon waste (Diet 1 = 0%, Diet 2 = 0.5%, Diet 3 = 

1%, Diet 4 = 2%, and Diet 5 = 3%) Values are presented as Mean ± SD for the treatments as 

shown in the Figure. The letters above the treatments indicate significant differences between 

treatments. The analysis was conducted using the Tukey Test in a one-way ANOVA design 

DISCUSSION 

 
 

Measurements of the environment 

The environmental results for the water in the experimental tanks showed varying levels 

of environmental parameters in the current study. The water temperature in the tanks was found 

to be suitable for rearing THE common carp, with temperatures ranging between 20-30°C, as 

noted by Paniczet al. (2022). The temperature was highlighted as having a significant impact 

on the growth and immunity of the fish against various diseases (Cascarano et al., 2021; 

Mugwanya et al., 2022). 

Furthermore, dissolved oxygen levels are crucial for the growth of the common carp to 

achieve the highest growth productivity, with a recommended minimum level of 5mg. L-1 in 

aquaculture tanks (Bulbul Ali & Mishra, 2022). The water in the experimental tanks had 

appropriate and elevated dissolved oxygen levels above 5mg/ L, which is favorable for the 

growth and aquaculture of the fish. These findings align with those of Ed-Idoko et al. (2021), 

who recorded dissolved oxygen values between 7.45 - 9.05mg. L-1. 

The pH value in the water of the experimental tanks fell within suitable and natural 

ranges for the growth of the common carp, as emphasized by Hameed and Abid (2024), who 

elucidated that the optimal pH for rearing the common carp is 7.3 – 8.2. The salinity levels in 

the experimental tanks were found to be normal. Anandet al. (2022) confirmed that a salinity 

level of 10ppt can be tolerated by the common carp. This is consistent with the findings of 

Hameed and Abid (2024) showing a salinity level of 2.3mg. L-1 in the experimental tanks. 
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Fish growth 

The growth results indicate significant (P≤ 0.05) differences between treatments for 

different growth traits of the fish under study. To our knowledge, this study is the first to 

document that residual bread from ovens can be used as feed additives that have contributed to 

a certain level of growth enhancement. This, in turn, can help reduce feed costs and assist 

breeders in increasing the production. This study aligns with the findings of Hameed and Abid 

(2024) upon using dry bread residues from the Iraqi restaurants as feed additives for fish at 

varied proportions, yielding the highest recorded growth increase at 1.5%. The study deviates 

from what was found in Taher (2020), where the carp specimens were cultured in floating 

cages and fed on rations containing 75% dry bread and 25% dry fish at different densities, 

showing only slight significant differences in daily weight gain. 

Table (3) illustrates the significant (P≤ 0.05) differences observed in treatment Diet 5 

for growth traits such as FW, WGD, FI, PI. Adding bread residues likely contributed to growth 

enhancement due to its protein content (Hama et al., 2022), potentially maximizing the 

utilization of the provided feed. Furthermore, the high carbohydrate content in bread (Fu et al., 

2020) is an important energy source for fish biological activities. 

As shown in Figs. (3, 4), there are significant (P ≤ 0.05) enhancements in most growth 

traits for treatment Diet 5, followed by treatment Diet 4 for WG and FCR. This can be 

attributed to the higher feed conversion efficiency resulting from higher feed intake and the 

ability of these feeds to be converted into lean meat in fish bodies, enhancing digestive system 

function and health through the effect of beta-glucans in bread on gut microbes (Igual et al., 

2021), possibly contributing to the production of short-chain carbon compounds that aid in the 

activation and movement of intestines in fish fed experimental diets. 

Furthermore, the Iraqi bread is fortified with essential vitamins and minerals necessary 

for fish growth and development through additives during the manufacturing, preparation, and 

production stages in bakeries, including additions such asegg whites, yolks, or even some 

flavorings, known as bread fortification (Souza et al., 2022). This justification has led to a 

significant (P ≤ 0.05) improvement in the growth traits of SGR and PER. 

Analyzing the chemical composition of fish bodies 

            As shown in Fig.(5), the statistical results demonstrate a higher protein percentage in 

treatments Diet 4 and Diet 5. This may be attributed to a greater utilization of protein from the 

experimental diets compared to the other feeds. This indicates that the inclusion of bread in 

larger quantities in these feeds may had a role in enhancing the utilization of raw protein in the 

diet. Furthermore, samoon increases appetite and increases eating (Kristensenet al., 2009; 

Wang et al., 2015),which might have led to an increased food intake, resulting in a greater 

protein utilization.  
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Regarding fat content, the results displayed a clear decrease in feeds that showed increases in 

protein content, which is a natural phenomenon as the body fat percentage decreases as the 

protein percentage increases. This is a positive indicator of the results due to the feed additives 

that played a clear role in achieving the appropriate and important weight gain in fish 

production. 

 

CONCLUSION 

 

The experience of the current study has had an impact on the treatment of furnace wastes, 

which naturally affects the application of sustainable environmental systems. Furthermore, the 

increasing prices of traditional animal feeds and the attempt to introduce non-traditional feeds 

have influenced this study in evolving current research into more extensive research through 

mixing samoon crumbs with restaurant wastes. Furthermore, it is concluded that adding 

samoon crumbs to fish diets has resulted in higher growth rates and improved fish production. 

Additionally, the previously mentioned enhancements were dose-dependent. This current study 

is deemed highly significant since bread is a staple food consumed worldwide. Nutritional 

additives in animal feed, particularly in the fishery sector, are of great importance. Introducing 

additives high in energy and carbohydrates is crucial for sustaining fish's biological and fish 

culture activities. 
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