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Abstract 

This study aimed to evaluate weight gain, carcass traits, and economic efficiency of Koekoek 

chickens fed fish meal as a partial replacement for soybean meal. The offal was obtained 

from Koka Fish Reservoir and Ellen Lake, and it was cooked, sun-dried, and included in the 

diets. A total of 120 chickens were randomly selected and assigned to four treatments (T1: 

5 %, T2: 10 %, T3: 15 %, T4: 20 % fish meal) in a complete randomized design with two 

replications of 15 chicks each. The feeding trial was commenced for 48 days, followed by 

carcass evaluation of two chicks per replication. Results revealed that inclusion of fish meal 

diet had a significant effect on average daily weight gain and final weight (p < 0.0001) and 

FCR (p < 0.02) among treatments. Chickens fed on T1 and T2 consumed more daily dry 

matter (91.7 vs 89.8) and organic matter (18.7 vs 18.3) g/chick/day, respectively. Thus, chick-

ens fed on T1 and T2 achieved a higher average daily weight gain, slaughter weight, drum-

stick, thigh, wing, total carcass weight, and total edible components. Chickens fed T3 and 

T4 diets exhibited lower average daily weight gain (16.2 g/day in both treatments) despite 

having the highest daily intakes of calcium (1.12 and 1.14 g/day) and phosphorus (0.65 and 

0.79 g/day), respectively. Chickens fed on a T4 diet had the lowest intake (295.8 kcal/day) 

of metabolizable energy. The total edible offal and dressing % were not significantly (p > 

0.05) affected among dietary treatments. Economically, the production cost incurred for T1 

(325.8 Birr) was higher than that of T2 (307.1 Birr), while their relative net income was 

higher. Therefore, inclusion of fish meal up to 10 % (T2) in grower diets is recommended to 

optimize both performance and profitability of the broilers. 

   

 

 

 

 

1. Introduction 

Ethiopian village poultry production is an essen-

tial part of rural livelihood, helping to generate 

cash, improve household nutrition, and provide 

food security (Desta, 2021). In the country, poul-

try farming is a financially viable business con-

sidering its shorter production cycles and lower 

capital requirements for small-scale farming 

(Ramukhithi et al., 2023). This sector is mostly 

defined by smallholder, scavenging-based sys-

tems that use indigenous chicken breeds (Birhanu 

et al., 2023). Scavenging poultry rearing plays an 

important role in converting house hold leftover 

(food), grains, wastes, worms, and insects into 

valuable and quality protein (Singh et al., 2022). 

Currently, village poultry production system 
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faces persistent annual feed deficits due to fre-

quent seasonal variability, shortage of rainfall, 

and the onset of prolonged drought periods for 

crop cultivation (Markos et al., 2024). These 

challenges expose rural poultry's scavenging 

ability and further intensify competition for 

grains for food system. Despite low input and 

limited management, village poultry provide 

eggs, meat, and manure, and play socio-cultural 

roles in rural communities across the country 

(Belay and Oljira, 2019).   

In addition, the prevalence of diseases are most 

important issue affecting small-holder poultry 

business besides absences of scavenging feed re-

sources supplementation (Getahun et al., 2025). 

The shortage of poultry feed resources in terms 

of quantity and quality, high marketing price, and 

variability remain unresolved challenges to boost 

egg and meat productivity (Kleyn and Ciacciar-

iello, 2021). The primary cause for this is that the 

majority of conventional chicken feed ingredi-

ents, such as maize and soybeans, are staple 

foods for humans (Babatunde et al., 2021). Thus, 

the competition between livestock and human 

food systems would increase, thereby increasing 

the cost of chicken feed on the market (Zegeye et 

al., 2023).  

As a result, the issue of poultry feed source is par-

ticularly severe and unresolved for Ethiopian 

small-scale commercial poultry farmers both 

now and in the future (Abera et al., 2024). As a 

result, dependence on crop residues and agro-in-

dustrial by-products is steadily increasing to bal-

ance food-feed systems (Salo et al., 2025). More-

over, commercially produced diets are unafford-

able, especially when it comes to the protein 

sources for exotic and upgraded poultry breeds 

(Wilson, 2021). This economic barrier restricts 

reliance on exotic poultry productivity and dis-

courages small-scale farmers from pursuing new 

business ventures and sources of income (Bounds 

and Zinyemba, 2018).  

In Ethiopia, poultry production has untapped po-

tential due to a variety of underutilized, natural, 

industrial, and agricultural resources in different 

agro-ecologies if processed and utilized for com-

mercial production, besides a wide range of agri-

cultural processing residues, agro-industrial by-

products, and aquatic leftover resources, which 

are potential for poultry sector productivity im-

provements (Melesse et al., 2013; Ababor et al., 

2023). Hence, these leftovers are generally not 

suitable for human consumption. Thus, it is im-

portant to process and transform leftovers into 

nutritionally valuable feed resources for poultry 

feeding (Limeneh et al., 2022). So, searching for 

alternative feed resources and strategic use of 

those by-products could lower feed costs, reduce 

competition with humans for grains, and enhance 

the sustainability of poultry farming in rural com-

munities (Alhotan, 2021; Getahun et al., 2025). 

Moreover, underutilized agricultural and aquatic 

by-product conversion into high-quality protein 

source feeds may increase the supply of reasona-

bly priced animal-source food, promoting food 

and nutrition security (Ababor et al., 2023). Ac-

cordingly, previous studies indicated that cost-ef-

ficient utilization of potential agricultural and 

agro-industrial by-products in animal feeding 

systems should be emphasized to alleviate feed 

scarcity and promote more resilient production 

systems (Tolera, 2007; Nurfeta, 2010).  

Therefore, access to agro-industrial by-products 

for commercial poultry farms is increasing annu-

ally across urban and peri-urban centers (Feyisa 

et al., 2024). However, the use of commercial di-

ets for rural and scavenging poultry production is 

minimal due to the high prices of commercially 

formulated feeds. Nevertheless, the advantages 

of having a range of agricultural leftovers, agro-

industrial by-products, especially from busi-

nesses that process wheat and edible oil, and fish 

farming, are not well assessed for their capacity 

to be successfully incorporated into formulations 

for the production of livestock feed, including 

poultry (Diriba and Urge, 2020). Additionally, 

the majority of smallholder farmers do not rely 

on using leftovers as feed supplies compared to 

concentrate feeds. The main reason for this un-

der-utilization is a lack of technical expertise and 

understanding regarding feed formulation and 

utilization (LIVES, 2014). 

Fish meal is the most promising alternative feed 
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source that might be used as a supplemental pro-

tein source feed for livestock production (Hardy 

and Tacon, 2002). In the Rift Valley region, fish 

by-products like gut, head, skin, scales, eyes, 

gills, and gonads are relatively accessible and is 

recognized for their exceptional nutrient profile 

that deserves attention as a livestock protein 

source (Negesse and Tera, 2010). On the contrary, 

large amounts of fish by-products are wasted as 

leftovers, especially non-edibile offals close to 

nearby water bodies when fish are harvested and 

processed by fishermen (Jayathilakan et al., 

2012). These by-products have a tendency to 

build up near watercourses if properly handled, 

which can result in pollution, foul aromas, and 

possible environmental contamination (Olsen et 

al., 2014). 

Fish by-products or leftovers are also used as val-

uable alternative agricultural inputs, such as or-

ganic fertilizers, ingredients for livestock feed 

(fish meal), or soil conditioners, instead of 

thrown away as waste (Jayathilakan et al., 2012). 

Hence, processing of fish by-products into fish 

meal also lowers environmental risks while en-

couraging resource recycling and sustainable ag-

riculture (Campanati et al., 2022). Therefore, 

processing of fish by-products as fish meal is a 

source of a highly concentrated protein source 

feed that provides essential amino acids, particu-

larly methionine and lysine, which are often de-

ficient in plant-based feed ingredients, especially 

for poultry production (Leeson, 2008; Ala-

gawany et al., 2021). Fish meal inclusion in poul-

try diets can significantly enhance growth perfor-

mance by providing a balanced nutritional profile 

for the best possible muscle growth and egg 

productivity (Kolawole and Mustapha, 2023). 

Thus, fish meal provisions have a significant nu-

tritional impact on broiler feeding and increase 

farming profitability by growing muscle mass 

quickly (Abasubong et al., 2025). Particularly in 

starting broiler diets, it boosts development, feed 

efficiency, and gastrointestinal health by provid-

ing a highly digested protein, vital amino acids, 

omega-3 fatty acids, vitamins, and minerals 

(Thanabalan and Kiarie, 2021). However, exces-

sive amounts of fish meal supplementation might 

alter meat quality and necessitate antioxidant 

preservation. 

Therefore, integration of fish meal and agro-in-

dustrial by-products into poultry feeding systems, 

besides replacing plant proteins, offers various 

broader benefits, including environmental sanita-

tions, as well as nutritional qualities in feeding 

(Georganas et al., 2023). So, fish meal can serve 

as a suitable substitute, as it is an excellent source 

of lysine, methionine, tryptophan, and other trace 

minerals (Niu et al., 2016). Incorporation of fish 

leftovers as fish meal into chicken diets may also 

lessen rivalry with human food, minimize pro-

duction costs, increase profitability, and further 

lessen the environmental effects of waste dis-

posal (Abasubong et al., 2025). However, greater 

knowledge and technical proficiency in ration 

formulation and feed usage are necessary for ef-

fective utilization of potential feed resources. 

Therefore, this study was conducted to evaluate 

the fish meal and specific agro-industrial by-

products in replacing soybean meal in poultry 

feeding in commercial farms to improve weight 

gain, carcass yield, and economic returns. These 

help to produce evidence that can guide the de-

velopment of sustainable, cost-effective ration 

formulation procedures suited to the require-

ments of Ethiopia's smallholder poultry farmers 

in Ethiopia.  

2. Materials and Methods 

2.1. Description of the Study Area 

The experimental trial was carried out in the Bora 

district of the East Shoa Zone of the Oromia re-

gion, Ethiopia. The district lies approximately 

110 km southeast of Addis Ababa and 50 km 

southwest of Adama, along the Addis Ababa–Ha-

wassa main road. The Bora district is found in an 

altitude range of 1,500 - 1,800 meters above sea 

level. The area has an average yearly temperature 

range from 13.4 - 28 °C, with maximum daily 

temperatures reaching up to 28°C. The area re-

ceives a mean annual rainfall ranging from about 

500 to 800 mm (RVMLZ, 2008). The total area 

of the studied district is about 53,977 ha, of which 

27,550 ha was cultivated land, 2,743 ha allocated 

for forest, 3,123 ha for grassland, 1,073 ha for 

water body and the land uses for other purpose 
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was 3,054 ha. Koka reservoir (255 km2) and El-

len Lake (54 ha) are the two main water bodies 

found in the district used for irrigation and fishery. 

Koka reservoir is also used for recreation, while 

the primary purpose is for hydroelectric power 

generation. The people in the area grow a variety 

of crops for home consumption and sale, mainly 

maize, wheat, haricot bean, and teff. Crop grains 

offered besides grain-wastes are used for free 

scavenging poultry, including home wastes. The 

studied area has livestock populations of 89,964 

cattle, 46,044 sheep, 57,130 goats, 581 mules, 

8,072 donkeys, and 38,992 chickens (indigenous 

and cross-bred) kept under extensive backyard 

rearing practices (BLDHA, 2019).  

2.2. Fish Meal Preparation 

Before the collection of fish offal, fishing (fish 

harvesting) and filleting activities were observed 

at the landing site of Koka and Ellen Lake. Fish-

ing cooperatives and individuals harvest fish to 

supply fresh and dried flesh to hotels and house-

holds. Fishermen use hooks and nets for fishing 

methods, and fish are fleshed and filleted imme-

diately near water bodies based on daily catch 

availability. After fishing, they discard fish offal 

and other by-products and leave behind along the 

shoreline of lakes. After steady observations, we 

prepare plastic bowls for handling the fish offal 

after filleting. People involved in fish filleting 

were instructed to fillet on clean stony ground to 

avoid adulteration with the soils and other con-

taminants. The offal's not suitable for human con-

sumption, such as gut, head, skin, scale, eyes, 

gills, and gonads of catfish, tilapia, and barbus 

was collected and boiled for 20 minutes to inac-

tivate bacteria and parasites (Negesse and Tera, 

2010) (Figure 1).  

Fig. 1. Fish offal's cooking to reduce microbial load in the process of fish meal preparation

Before formulation, fish offals were cooked and 

sun-dried for 2 - 3 days to minimize moisture to 

prevent further bacterial multiplication during 

storage and make for easy milling. Then, offals 

were thinly and evenly spread and exposed to 

sunlight at an open dry place using a plastic sheet 

as a drying material. 

2.2.1. Ingredients, nutritional compositions, 

and experimental ration 

Nutritional compositions of feed ingredients used 

in ration formulation are presented in Table 1. 

Compared to soybean meal, fish meal contained 

higher levels of crude protein (CP), ether extract 

(EE), calcium (Ca), phosphorus (P), and metabo-

lizable energy (ME), while its crude fiber (CF) 

content was comparatively lower (Table 1). 

 

 

 

 

Table 1. Nutritional compositions of feedstuff used in ration formulation on DM % basis. 

DM: Dry matter; CP: crude protein; CF: crude fiber; EE: ether extract; NFE: nitrogen free extract; 

 Nutrients  

Ingredients   DM% CP EE CF Ash NFE Ca P ME(kcal/kgDM) 

Fish meal  94.2 51.8 15.8 3.0 25.3 23.2 4.0 1.2 3513.4 

Soybean roasted 91.9 46.7 4.55 9.01 10.3 25.8 0.2 0.6 2972.1 

Wheat bran  93.1 10.7 4.41 11.2 9.4 61.9 0.1 1.3 2813.5 

Maize grain  91.5 10.7 3.38 12.4 10.5 57.9 0.1 0.3 2609.3 
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Ca: calcium; P: phosphorus; ME: Metabolizible Energy 

Experimental rations were prepared from locally 

available feedstuff like maize, wheat bran, 

roasted soybean, fish meal, limestone, and salt as 

to local standard formula of Alema Koudijs 

broiler feeding stages (Schimmel, 2016). Soy-

bean was roasted for five minutes to deactivate 

trypsin inhibitors, coarse ingredients were 

ground and homogenized, and diets were formu-

lated using Feed Win software to meet broiler re-

quirements, resulting in rations with ~21 % CP 

and 13.2 MJ/kg DM, and ME recommended for 

broilers (Ekreen et al., 1997). Additionally, me-

thionine and premix were excluded from experi-

mental feedings of T2, T3, and T4 due to high 

cost and limited availability for smallholder 

farmers, and were expected to be replaced with 

fish meal (Table 2). 

Table 2. The proportion of feed ingredients (%) used for experimental chicks and management. 
Ingredients  T1 T2 T3 T4 

Maize  51.6 52 52 52 
Soybean meal  15 10 5 0 
Wheat bran   16 26 26 26 
Fish meal  5 10 15 20 
Lime stone  1 1 1 1 

Nouge cake 10 - - - 
Methionine  0.1 - - - 
Premix 1 - - - 
Salt  0.3 1 1 1 

ME (kcal/kg) 3225.9 3226.8 3193.5 3160.1 
CP 19.87 19.80 21.43 22.97 

Total  100 100 100 100 

Sources (Leeson and Summers, 2009). 

2.3. Experimental Design 

The experimental design used for this feeding 

trial was a complete randomized design (CRD) 

consisting of four dietary treatments with two 

replications. All the chickens were assigned ran-

domly to one of the four dietary treatments. Each 

treatment was classified in two replications of 15 

chickens, and each replication with three pens as-

signed with five (5) chickens in each pen (Table 

3). Additionally, male and female chicks were 

proportionally assigned to treatment pen and rep-

lications, whereas randomized for sex group 

among the three pens in one replication. 

Table 3. Experimental design of the feeding trial 

Dietary treatments Inclusion rate of fish offal Replications 

1 2 Total 

1 5 % 15 15 30 
2 10 % 15 15 30 
3 15 % 15 15 30 
4 20 % 15 15 30 

Total  60 60 120 

2.3.1. Experimental animal handling and feeding trial 

A total of 150 Koekoek day-old chickens were 

purchased from the Debre Zeit Agricultural Re-

search Center and handled under uniform man-

agement conditions at the experimental site be-

fore the experimental trial. All procedures fol-

lowed Hawassa University’s ethical guidelines 

for animal welfare and use in research (HU-

E.C/06/2022).  

Health management included the provision of 

anti-coccidiostats and oxytetracycline in drinking 

water. Also, chickens were vaccinated against 

Newcastle disease at 7 and 21 days of age 

(Abdoshah et al., 2022). They were housed in a 

deep litter poultry house constructed by a volun-

teer farmer using local building materials for 

poultry production purposes. After the brooding 
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age, a total of 120 chickens (equal performing) 

were randomly selected from 150 chickens, indi-

vidually weighed using a digital balance of 5 kg 

with ± 20 g precision, leg-tagged, and transferred 

to experimental pens measuring 1m × 180 cm. 

The pens were partitioned with mesh wire and 

covered with a 5 cm layer of sawdust litter, which 

was replaced with dry, clean sawdust as needed 

to maintain hygiene.  

During the two-week brooding period, chickens 

were fed commercial starter feed and provided 

with water ad-libitum. Following brooding, the 

feeding trial commenced, and chickens in each 

replication were fed in groups. The amount of 

feed offered and refusals was collected and meas-

ured daily per individual bird to determine feed 

intake. Except treatments diet variation, all man-

agement conditions were similarly provided, in-

cluding floor space, light, temperature, ventila-

tion, and relative humidity for each of the groups 

in replications. The feeding trial continued for a 

total duration of 48 days. 

2.3.2. Growth performances and feed conver-

sion efficiency 

The initial and final live body weights were rec-

orded and used to determine the weight gain per-

formances during the feeding trial period. Daily 

live body weight gain of each chicken was rec-

orded until the end of the experimental period on 

a weekly basis. Average daily weight gain 

(ADWG) was calculated by subtracting the initial 

live weight from the final weight and then divid-

ing the total live weight gain by the total number 

of days across the experimental period (g/day), 

and feed conversion ratio (FCR) was determined 

as the ratio of feed intake to body weight gain us-

ing the formula of Emmerson (1997). 

Average daily weight gain (ADWG) = 
Final live weight-Intial live weight

Number of the expermental day
 

FCR = Weight of dry feed fed (g) / live weight gain of chicks (g) 

2.3.3. Evaluations of carcass characteristics 

After the feeding trial, two chickens (one male, 

one female) per replication, four per treatment, 

sixteen in total, were fasted for eight hours, 

slaughtered humanely, efficiently bleed and 

weighed. Blood, feathers, shanks and claws, head, 

lungs, heart, spleen, pancreas, crop, proventricu-

lus, kidneys, intestines, and abdominal fat were 

recorded as non-edible offal. Edible offal in-

cluded skin, liver, and gizzard. Carcass compo-

nents were further divided into back (thorax + 

lumbar), 2 thighs, 2 drumsticks, 2 wings, and 

breast. Dressing percentage was calculated as the 

proportion of dressed carcass weight relative to 

live body weight at the slaughtering.  

 

2.4. Feed Ingredients and Partial Budget Anal-

ysis 

Chemical composition of feeds used for ration 

formulations was analyzed at the Animal Nutri-

tion Laboratory of Hawassa University. Feed 

samples were assessed for dry matter (DM), 

crude fiber (CF), crude protein (CP), ether extract 

(EE), and ash content following the procedures 

described by AOAC (2005). Calcium (Ca) and 

phosphorus (P) concentrations were ascertained 

for feeding at the Debre Zeit Agricultural Re-

search Center using an atomic absorption spec-

trometer. Metabolizable energy (ME) of feed in-

gredients was calculated according to the method 

of Wiseman (1987) as follows:  

ME (kcal/kg DM) = 3951 + 54.4 EE - 88.7 CF - 40.8 Ash

 

A partial budget analysis was investigated fol-

lowing the procedure described by Upton (1979) 

to evaluate changes in total return using fish meal 

as a partial replacement for soybean in broiler di-

ets. Total variable costs (TVC) included the costs 

of chickens, feed, and health management for 

each treatment group. Total return (TR) was cal-

culated from the sale prices of chickens from 

feeding trials and the purchase price of the chick-

ens as the initial costs. Net income (NI) was de-

termined by subtracting total variable costs from 

total return:  

The change in net income (ΔNI) is expressed as 

the difference between the change in total return 

(Δ TR) and total variable cost (Δ TVC). 

ΔNI = Δ TR - Δ TVC 

2.5. Statistical Analysis 
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Body weight gains and feed conversion ratio 

(FCR) were analyzed using a repeated-measure, 

while nutrient and energy intake, carcass produc-

tion characteristics for diets and sex effects were 

analyzed using ANOVA of SAS Ver. 9.4 (SAS, 

2012). Tukey’s HSD test test was used to com-

pare treatment means, with significance declared 

at p < 0.05. Data analysis was done using model: 

 Yij = µ + αi + Aj + eij 

Where;  

Yij = response variable.  

µ = general mean,  

αi = the effect of dietary treatments (T1, 

T2, T3 and T4),  

Aj = the effect of sex (1: male, 2: fe-

male) and 

eij = random error,  

3. Results  

3.1. Nutritional Compositions of the Experi-

mental Diets  

The nutritional compositions of feed ingredients 

used and analyzed (on % DM basis) for experi-

mental diets are presented in Table 4. Crude pro-

tein (CP) content ranged from 19.0 to 20.4 %. 

Based on the investigation, there were no signif-

icant variations (p > 0.05) observed between the 

calculated and analyzed CP values for T1 and T2, 

confirming proper formulation for standard 

broiler diet. Ether extract (EE) content increased 

slightly from T1 to T4, while calcium (Ca) and 

phosphorus (P) concentration increases consist-

ently with greater amount of partially replaced 

fish meal in the experimental diets (Table 4). 

 

Table 4. Nutritional compositions of the experimental fed diets on % DM basis 
                                                                 Nutrients 

Diets  DM% CP EE CF Ash NFE Ca P ME(kcal/KGDM)  

T1 92.5 20.4 7.3 8.94 10.9 51.3 0.79 0.52 3115.8 

T2 92.8 20.4 8.3 9.38 10.3 52.7 0.96 0.64 3149.4 

T3 91.9 19.8 11.4 9.61 10.8 50.7 1.23 0.71 3277.9 
T4 92.7 19.0 11.1 9.79 10.5 53.4 1.57 0.78 3255.5 

DM: Dry matter; CP: crude protein; CF: crude fiber; EE: ether extract; NFE: nitrogen free extract; 

Ca: calcium; p: phosphorus; ME: Metabilisible Energy; T1: fed with 5 % fish meal; T2: fed with 10 % 

fish meal; T3: fed with 15 % fish meal; T4: fed with 20 % fish meal                     
3.2. Experimental Diet Composition and Feed 

Intakes 

The effect of experimental diet levels of partially 

replaced fish meal on the daily feed intake of 

grower Koekoek chickens is listed in Table 5. 

The inclusion of fish meal in the chicken diet had 

shown significant variation of feed intake (p < 

0.05) for DM, CP, Ca, and P. Chicks fed on treat-

ment diets of T1 and T2 had higher feed intake 

for DM, CP, P, and ME than those kept on T3 and 

T4 (p < 0.05). The inclusion of fish meal in the 

diets of T3 and T4 had the highest Ca and P min-

erals. However, chickens fed on T3 and T4 rec-

orded lower DM and CP compared to T1 and T2. 

The inclusion effect of fish meal had a non-sig-

nificant effect (p > 0.05) on crude fiber (CF) in-

take among treatments. On the other hand, chick-

ens fed on T4 diets had the lowest intake of ME 

compared to other treatments (Table 5).

Table 5. Chemical composition of the treatment diets 

T1: fed with 5 % fish meal; T2: fed with 10 % fish meal; T3: fed with 15 % fish meal; T4: fed with 20 % 

fish meal; SE: standard error 

3.3. Growth Performances and Feed Conver-

sion Ratio 

Growth performance of Koekoek chicks (male 

and female) fed with various levels of fish meal 

    
Nutrients (g/chick/day) 

Treatments 

T1 T2 T3 T4 SE p-value 

Dry matter 91.74 89.75 84.24 84.2 0.65 0.002 
Crude protein                  18.67 18.29 16.68 16.96 0.13 0.001 
Crude fiber                       3.91 4.04 3.88 3.95 0.03 0.07 
Calcium                            0.78 0.92 1.12 1.43 0.01 0.001 
Phosphorus              0.51 0.61 0.65 0.79 0.00 0.0001 
Metabolizible energy (kcal/chick/day) 309.02 304.58 300.48 295.75 2.21 0.05 
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diets is presented in Figure 3. The growth rates 

can generally be accelerated by the absorption of 

major and trace nutrients by different organs, 

soft tissues, and bones. As shown in Figure 3, 

both sexes showed an increasing trend of body 

weight gain as age advanced. There were no sig-

nificant differences in body weight gain between 

the two sexes during the first two weeks of the 

experiment. However, starting from the third 

week of the experiment and onwards, male 

chicks attained higher body weight gain than fe-

males (Fig. 2). 

 

 

 

 

 

 
Fig. 2. Growth rate trend of Koekoek chickens across six weeks of age fed on partially replaced fish 

meal diets. 

Average daily weight gain (ADWG) and feed 

conversion ratio (FCR) of Koekoek chicks fed 

with various levels of fish meal diets are pre-

sented in Table 6. The inclusion levels of fish 

meal diets had a significant effect on ADWG and 

final body weight (p < 0.0001) and FCR (p < 

0.02). Chickens fed on T1 had the highest 

ADWG followed by T2, while the lowest ADWG 

was reported for T3 and T4. Correspondingly, 

feed intake for T1 and T2 was higher than that of 

the T3 and T4 treatment groups. Feeding effi-

ciency of chickens fed on T1 and T2 achieved 

higher ADWG with better FCR values compared 

to T3 and T4 (Table 6).

Table 6. Growth performance and feed conversion ratio of Koekoek chicks fed on partially replaced 

fish meal. 
Parameters   Treatments 

T1 T2 T3 T4 SE p-value 

Initial weight (g/chick) 115.3 114.8 115.5 114.7 0.37 0.35 
Final weight (g/chick) 1024.3 982 892.8 895.4 11.88 <0.0001 
Total gain (g/chick) 909.6 866.4 778.1 779.5 - - 
ADWG (g/chick/day) 19.0 18.1 16.2 16.2 0.222 <0.0001 
Feed intake (g/chick) 4760.5 4642.2 4400 4360.7 - - 
FCR (g feed/g gain 5.2 5.4 5.6 5.6 0.154 0.02 

ADWG: average daily weight gain; FCR: fed conversion ratio; T1: fed with 5 % fish meal T2: fed with 

10 % fish meal; T3: fed with 15 % fish meal, T4: fed with 20 % fish meal 

The relationship between ADWG and FCR over 

the experimental period is illustrated in Figure 4. 

Regardless of dietary treatment, ADWG was sig-

nificantly influenced by age (p < 0.001) whereas 

ADWG and FCR were increased with increasing 

age across 48vdays of feeding trails (Fig 3). 

However, there is no significant variations were 

observed for FCR across 6 week of age (p > 0.05). 

Thus, ADWG was best estimated by the linear 

equation of Y = 3.18x + 6.20, with a strong posi-

tive correlation (R² = 0.84). Similarly, FCR was 

better estimated by linear equation of Y = 0.30x 

+ 5.40, exhibiting a very high correlation coeffi-

cient (R² = 0.97).
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Fig. 3. Relationship between ADWG and FCR during the experimental period 

3.4. Carcass Production and Characteristics 

3.4.1. Total edible component (TEC)  

The study showed that dietary fish meal inclusion 

effects on total edible carcass components and 

edible offal (p < 0.05). Chickens fed on T1 had 

the highest slaughter weight, breast, drumsticks, 

thighs, wings, back, total carcass weight, and 

overall edible yield followed by T2, with values 

significantly greater (p < 0.001) than chickens 

fed on T3, and T4. Similarly, male chickens sur-

pass females in each component of the carcass 

weight. The inclusion of fish meal diet level 

across the treatments influences most carcass 

traits. However, it had a non-significance (p > 

0.05) effect on skin, gizzard, liver, toes, and 

dressing percentage except for T1 (Table 7).

Table 7. Effect of diet and sex on total edible component of chicks fed on inclusions of fish meal 

TEC: Total edible component (total carcass+ edible offal); SE: stander error 

3.4.2. Total non-edible offal (TNEO) 

Dietary fish meal inclusion and sex effect on total 

non-edible offal of Koekoek chickens are sum-

marized in Table 8. Chickens fed on lower fish 

meal diet (T1) had higher mean weights for most 

non-edible offal. However, these differences 

were non-significant (p > 0.05), except for blood 

and anus (p < 0.05). Treatment result had a sub-

stantial effect (p < 0.05) on sex for most non-ed-

ible offals like blood, feathers, head, shank and 

claws, proventriculus, lungs, small intestine, 

stomach, and total non-edible yield, with males 

exhibiting higher values than females (Table 8). 

Table 8. Fish meal inclusion and sex effect on total non-edible offal of Koekoek chicks   

Parameters  Sex  Treatments  p-value 

Male Fe-
male 

SE T1 T2 T3 T4 SE Diet sex 

Parameters Sex  Treatments  p-value 

Male Fe-
male 

SE T1 T2 T3 T4 S.E Diet Sex 

Slaughter weight (g) 974.6 830.7 38.2 1052 953.8 918.5 791.2 11.1 0.001 <0.001 
Breast (g) 98.1 84.5 6.3 116.2 90.5 78.5 79.7 3.3 0.001 0.003 
Drumstick (g) 83.4 69.1 4.4 92.7 77.2 70.0 65c 2.1 0.001 0.001 
Thighs (g) 86.9 68.8 4.8 95.8 78.5 70.2 66.5 4.1 0.004 0.002 
Wings (g) 41.5 34.6 2.3 46.8 38. 5 35.0 32.3 1.6 0.001 0.003 
Back (g) 71.4 59.9 3.5 76.8 65.0 62.7 58.0 3.7 0.035 0.01 
Total carcass* 414.3 345.5 20.9 461.5 382.7 348.2 327.0 11.2 0.001 0.001 
Skin  58.5 46.3 3.5 60.5 53.0 46.5 49.5 4.5 0.23 0.03 
Gizzard 39.3 32.6 1.8 39.5 37.3 33.0 34.0 2.4 0.28 0.03 
Liver 24.6 19.3 1.1 23.3 23 21 20 1.8 0.56 0.02 
TEC*** 536.6 443.6 24.4 584.7 496.0 449.4 430 12.5 0.001 0.001 

Dressing% 53.0 51.7 0.7 55.4 53.8 53.1 54.4 1.5 0.584 0.20 
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Blood 39.3 27.0 1.41 41.2 28.7 33.0 29.8 2.00 0.01 0.001 
Feather 66.3 58.8 2.22 65.5 68.5 57.5 59.2 3.14 0.13 0.05 
Head 38.9 30.5 1.40 35.7 34.7 33.3 35.0 1.99 0.84 0.003 
Shank claw 58.8 40.8 1.83 56.7 49.5 47.3 45.8 2.60 0.07 0.001 
Esophagus 2.1 1.6 2.12 1.9 2.25 1.6 1.6 0.30 0.45 0.18 
Crop 10.4 7.5 1.16 9.8 10.5 7.8 8.0 1.65 0.65 0.12 
Pereventriculus  6.3 5.4 0.23 5.5 5.8 5.5 6.5 0.33 0.19 0.03 
Spleen 1.7 1.4 0.16 1.9 1.9 1.3 1.3 0.23 0.16 0.31 

Pancreases 1.8 1.7 0.27 1.5 1.8 1.9 1.9 0.39 0.90 0.95 
Kidney 8.4 7.1 0.50 6.3 9.3 7.3 8.3 0.71 0.08 0.12 
Heart 5.9 5.0 0.36 5.8 6.0 5.0 5.0 0.52 0.44 0.13 
Lung 7.3 5.7 0.43 7.0 7.0 6.0 6.0 0.61 0.49 0.04 
small intestine 37.6 25.1 2.56 30.0 33.7 29.5 32.3 3.62 0.83 0.01 
Large intestine 14.9 12.8 2.01 12.2 13.0 18.2 12.0 2.85 0.41 0.50 
Abdominal fat 15.3 22.0 3.45 23.7 19.7 16.5 14.5 4.88 0.58 0.20 
Cloacae  8.2 6.8 0.50 8.8 8.5 6.3 6.5 0.71 0.07 0.07 
Bile 1.6 1.5 0.2 1.5 1.9 1.3 1.4 0.98 0.36 0.67 
TNEC 313.7 231 19.5 321 262 236.0 270.0 27.57 0.25 0.02 

TNEC: Total non-edible components; T1: fed with 5 % fish meal; T2: fed with 10 % fish meal; T3: fed 

with 15 % fish meal; T4: fed with 20 % fish meal   

3.5. Economic Performance Analysis 

Partial economic investigation of chickens fed on 

varying inclusion levels of fish meal diets are 

presented in Table 9. The low inclusion of fish 

meal in the chicken ration of T1 incurred the 

highest production costs (95% of soybean and 5% 

fish) and yielded the lowest net income (p < 

0.001) compared with T2. Chickens fed on a diet 

of T2 (10% fish meal) return more muscle mass. 

Because balanced mineral availability increases 

appetite for consumption and conversion effi-

ciency. In contrast, T3 and T4 had lower produc-

tion costs and achieved lower net income due to 

high amount of oil presence decreases appetite 

and affects metabolic systems to degrade fats. On 

the other hand, increasing fish meal lowers feed 

costs (since soybeans are more expensive), 

whereas decreasing fish meal raises feed costs in 

proportion to net income. Therefore, average in-

clusion of fish meal diet enhances profitability at 

advanced costs (Table 9). 

Table 9. Partial economic analysis of chickens fed on varied amounts of fish meal diets 

 Treatments   

Variables   T1 T2 T3 T4 S.E p-value 

Price of  chicken, Birr/chick (VC) 100 100 100 100 - - 
Price of  feed, Birr /kg (VC) 157.9 149.1 148.5 148.1 0.01 < 0.0001 

Healthy cost, Birr/chick (VC) 16 16 16 16 - - 
Total feed consumed, kg/chick (VC) 4.8 4.6 4.4 4.4 0.01 <0.0001 
Price of  feed consumed, Birr (VC) 51.9 42.0 37.4 35.1 0.01 <0.0001 
Total input cost (TIC) 325.8 307.1 301.9 299.2 0.01 < 0.001 
Sale of  chick, Birr/chick (TR) 525 513 435 432.5 - - 
Net Income (NI) = (TR-TIC) 199.2 205.9 133.1 134.3 0.14 < 0.001 

VC: variable cost; TIC: total input cost; TR: total revenue; NI: net income 

4. Discussion  

4.1. Nutrient and Energy Contents of the Ex-

perimental Fed Diets 

The study showed that crude protein (CP) content 

of the experimental fed diets was within the rec-

ommended ranges of 19 - 20 % for grower and 

finisher broilers, respectively, as suggested by El-

Deek et al. (2020). Ether extract (EE) content in-

creased slightly from T1 to T4 with higher levels 

of fish meal inclusion, indicating a gradual im-

provement in dietary energy density might be due 

to better oil (fat) content of fish meal. Similarly, 

calcium (Ca) and phosphorus (P) concentrations 

rose linearly with increasing fish meal levels. 
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These was consistent with the findings of Tera et 

al. (2008) and El-Deek et al. (2020), reflecting 

the higher mineral contribution of fish meal to 

support bone development and overall metabolic 

functions. Metabolizable energy (ME) content 

also increased with higher fish meal inclusion, re-

maining within the recommended 3200 kcal 

ME/kg DM for broilers (El-Deek et al., 2020). 

Nutrient improvements likely contributed to the 

observed differences in growth performance, 

feed intake, and feed conversion efficiency 

among treatments, highlighting the importance of 

fish meal inclusion in optimizing broiler produc-

tion. 

The crude protein (CP) content of fish meal in % 

DM basis in this study (51.8 %) was lower than 

70 % reported by Negussie and Alemu (2005) for 

Ethiopian fish meal. This variations in CP con-

tents might be due to differences in preparation 

methods (Jacob, 2013; Liu et al., 2021). Fish 

meal composition also varies depending on the 

species used, processing methods of fish meal 

and fish ecotype, and whether fillets were re-

moved prior to processing (Hilmarsdottir et al., 

2020). The fat content observed in the current 

study was higher than the 3.4–11.3 % reported by 

Wisenfeld et al. (2005) for good-quality fish meal. 

However, it was lower than 21.6 % reported by 

Tera (2008), possibly due to incomplete fat re-

covery during processing. Crude fiber (CF) val-

ues were consistent with those reported by Wolde 

et al. (2011). Calcium content in this study was 

lower than the 6–6.08 % reported by Tera et al. 

(2009). Previous studies, including Tera et al. 

(2009), have suggested that such variations in in-

gredient composition and processing procedures 

can directly affect feed intake, growth perfor-

mance, and carcass traits, highlighting the im-

portance of ingredient quality in poultry nutrition. 

4.2. Feed Intake of Chickens 

Feed intake is a key factor in influencing poultry 

performance and serves as an important indicator 

of feed nutritive value (Barzegar et al., 2020). 

The replacement of soybean with varying levels 

of fish meal led to significant differences in nu-

trient intakes, with chickens fed T1 and T2 show-

ing higher dry matter (DM), crude protein (CP), 

and metabolisable energy (ME) intakes. These 

results are consistent with Ponce and Gernat 

(2002), who reported increased feed intake in 

broilers when tilapia by-product meal was in-

cluded up to 6 % in the diet, while higher inclu-

sion levels depressed intake. The lower feed in-

take observed in T3 and T4 may be associated 

with higher phosphorus (P) and calcium (Ca) and 

EE (amounts of oil in feed) levels, which can re-

duce feed consumption (Berihun et al., 2023). 

This study report also aligns with Isika et al. 

(2006), who noted that elevated mineral intake, 

particularly of P and Ca, can impair nutrient di-

gestibility and limit overall feed intake and con-

version efficiency. 

4.3. Effect of Fish Meal Inclusions on Growth 

Performance and Feed Conversion Efficiency  

The highest average daily weight gain (ADWG) 

was observed at 5 % fish meal inclusion (T1, 

commercial feed). Additionally, chicks feed on 

diet of T2 showed higher muscle mass than T3 

and T4 treatments. These results are consistent 

with Donald and William (2002), who suggested 

that fish meal inclusion up to 8 % generally en-

hances productive performance in broilers. How-

ever, higher inclusion levels of 15% and 20% (T3 

and T4) resulted in lower ADWG which might be 

a direct reflection of lower feed intake compared 

to T1 and T2. These was also similarly reported 

by findings of Negesse and Tera (2010), and 

Karimi (2006), who reported that excessive fish 

meal inclusion can depress growth rates. Chick-

ens fed on T1 and T2 also exhibited the most ef-

ficient feed conversion, likely due to the higher 

growth rate at this inclusion level. These indi-

cated that faster growth rate is typically associ-

ated with improved feed utilization, and ADWG 

and feed efficiency have been reported to be 

highly correlated (Berihun et al., 2023). The effi-

ciency of mineral utilization may be the reason 

for FCR disparities. In terms of body weight in-

crease per gram of feed ingested, chickens with 

medium CP and minerals have a greater feed con-

version efficiency (Ogbuewu et al., 2023). This 

suggested that CP and above-threshold minerals 

have a detrimental conversation efficiency. 

 

4.3.1. Carcass production and characteristics 
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The slaughter carcass weight was strongly influ-

enced by sex, with males being heavier than fe-

males (Benyi et al., 2015). This difference may 

be attributed to the effects of androgens in males, 

which promote muscle development, as well as 

higher feed intake compared with females (Yuan 

et al., 2024). Correspondingly, Wolde et al. (2011) 

indicated that males generally achieve higher 

slaughter weights, while females tend to deposit 

more fat due to sex hormone effects. The highest 

total carcass weight and individual carcass com-

ponents (breast, drumsticks, thighs, wings, and 

back) were observed in chickens fed the diet con-

taining 5 % and 10% fish meal. This was likely 

due to greater protein deposition at this inclusion 

level. According to Negesse and Tera (2010), 

higher carcass yield reflects improved nutrient 

bio-availability for anabolic processes, as true 

muscle development results from protein accu-

mulation (Choi et al., 2023). These results corre-

spond with the higher growth rates and improved 

feed conversion efficiency observed in chickens 

fed 5% fish meal. This implies that optimal nutri-

ent intake supports both efficient weight gain and 

superior carcass development (Shastak and Pelle-

tier, 2023). 

From an economic perspective, partial budget 

analysis indicated that increasing fish meal inclu-

sion reduced overall production costs in broiler 

diets, as fish meal is a less expensive protein 

source than soybean. This cost reduction trans-

lated into higher net income, highlighting the 

economic feasibility of using fish meal as a pro-

tein source in the ration. While the 5% fish meal 

diet (T1) delivered the best growth and carcass 

outcomes, though it incurred higher costs. The 

low feed intake of T3 and T4 may be attributed 

to the high mineral availability in fish meal, 

which can suppress appetite, thereby reducing 

weight gain and feed conversion efficiency (Al-

abi & Adedokun, 2025). Moreover, 10% inclu-

sion reduces expenses and improves output from 

feeding. These findings are consistent with Tera 

et al. (2009) and Negesse and Tera et al. (2010), 

who reported that including fish meal up to 13% 

in growing chicken diets was cost-effective. Con-

versely, the 20% fish meal diet (T4) reduced pro-

duction costs but resulted in lower growth perfor-

mance. Muscle development may be adversely 

affected by broiler diets that contain high 

amounts of fish meal (Wang et al., 2023). In ex-

cess of fish meal can lower palatability and raise 

dietary mineral load, which can suppress feed in-

take, decrease weight gain, and limit feed conver-

sion efficiency (Lall & Kaushik, 2021). Further-

more, imbalances in minerals and amino acids at 

high inclusion rates may impede optimal broiler 

growth by impairing metabolic efficiency and 

nutrient use (Adedokun & Olojede, 2019; Zam-

piga et al., 2021). Therefore, considering both bi-

ological performance and economic efficiency, a 

10 % fish meal inclusion (T2) offered moderate 

benefits, maintaining satisfactory growth, carcass 

traits, and feed efficiency while reducing costs. 

Overall, results suggest that strategic replace-

ment of soybean with fish meal can enhance prof-

itability. However, maintaining adequate growth 

performance in broilers, as observed in the higher 

weight gain, feed efficiency, and carcass yield of 

chickens fed an optimal fish meal levels. 

5. Conclusions 

The inclusion of fish meal in broiler fed diets had 

a significant impact on growth performance, feed 

efficiency, carcass characteristics, and economic 

outcomes. Chickens fed 5 % fish meal (T1) ex-

hibited the highest average daily weight gain, im-

proved feed conversion ratio, and heavier carcass 

weights and individual carcass components 

(breast, drumsticks, thighs, wings, and back). 

However, higher inclusion levels (15–20 %) of 

fish meal diets reduced performance. Males out-

performed females in slaughter weight and mus-

cle development. Although 5% inclusion maxim-

ized weight gain, production costs were higher, 

while 10% fish meal provided a cost-effective 

balance, maintaining satisfactory growth, carcass 

traits, and feed efficiency. Therefore, incorporat-

ing locally prepared fish meal in grower chicken 

rations up to 10 % (T2) is cost-effective, does not 

adversely affect growth or carcass traits, and can 

partially or fully replace plant protein sources for 

broiler diets. 

 



121 

 

Acknowledgement 

The authors acknowledge ILRI and livestock Ir-

rigation Value chain of Ethiopian small holder 

farmers (LIVES) project for funding logistics 

during data collection. 

Author contributions 

MG and KA: Conceptualization, methodology, 

data curation, validation, formal analysis, visual-

ization, writing–original draft, writing–review 

and editing.  

AN, AE and GD: Conceptualization, writing–

original draft, writing–review and editing. In 

conclusion, all authors read and approved the fi-

nal version for submission. 

Availability of data  

The data supporting the results of the study can 

be available when requested. 

Ethics approval 

The study adhered to the ethical guidelines of an-

imal experimentation approved by the Hawassa 

University Animal Welfare and Ethical Commit-

tee, 2001 (ref. No: HU-E.C/06/2022). 

References  

Ababor, S., Tamiru, M., Alkhtib, A., Wamatu, J., 

Kuyu, C. G., Teka, T. A., & Burton, E. (2023). 

The use of biologically converted agricultural 

byproducts in chicken nutrition. Sustainabil-

ity, 15(19), 14562. 

Abasubong, K. P., Amin, A. B., Uwem, G. U., & 

Desouky, H. E. (2025). A review of fish waste 

and byproducts in poultry production: effects 

on growth, egg quality, carcass traits, and 

broader knowledge beyond physiological re-

sponse. Animal Advances, 2(1). 

Abdoshah, M., Mehrvarz, M., Gharahveysi, S., & 

Amani, A. (2022). Evaluation of Newcastle 

disease vaccination programs and humoral im-

mune response in broiler chickens. Veterinary 

Research Forum, 13(2), 209–215. 

Abera, D., Abebe, A., & Alebachew, H. (2024). 

Assessment of poultry feed and handling 

mechanisms of poultry production challenges 

in Benishangul-Gumuz Region, Western Ethi-

opia. Cogent Food & Agriculture, 10(1), 

2313254. 

Adedokun, S. A., & Olojede, O. C. (2019). Opti-

mizing gastrointestinal integrity in poultry: the 

role of nutrients and feed additives. Frontiers 

in Veterinary Science, 5, 348. 

Alabi, T., & Adedokun, S. (2025). Amino Acid 

Nutrition in Poultry: A Review. Ani-

mals, 15(22), 3323. 

Alagawany, M., Elnesr, S. S., Farag, M. R., Ti-

wari, R., Yatoo, M. I., Karthik, K., & Dhama, 

K. (2021). Nutritional significance of amino 

acids, vitamins and minerals as nutraceuticals 

in poultry production and health–a compre-

hensive review. Veterinary Quarterly, 41(1), 

1-29. 

Alhotan, R. A. (2021). Commercial poultry feed 

formulation: Current status, challenges, and 

future expectations. World's Poultry Science 

Journal, 77(2), 279-299. 

AOAC, 2005. Official Methods of Analysis of 

the Official Analytical Chemists, 18 Ed (W. 

Horwitz, Eds.) Association of Official Analyt-

ical Chemists, Washington DC. 

Babatunde, O. O., Park, C. S., & Adeola, O. 

(2021). Nutritional potentials of atypical feed 

ingredients for broiler chickens and pigs. Ani-

mals, 11(5), 1196. 

Barzegar, S., Wu, S. B., Choct, M., & Swick, R. 

A. (2020). Factors affecting energy metabo-

lism and evaluating net energy of poultry feed. 

Poultry science, 99(1), 487-498. 

Belay, F., & Oljira, A. (2019). Socioeconomic 

importance and production characteristics of 

village poultry production in Ethiopia: A re-

view. Nigerian Journal of Animal Sci-

ence, 21(2), 112-122. 

Benyi, K., Tshilate, T. S., Netshipale, A. J., & 

Mahlako, K. T. (2015). Effects of genotype 

and sex on the growth performance and car-

cass characteristics of broiler chickens. Tropi-

cal Animal Health and Production, 47(7), 

1225-1231. 

Berihun, K., Negesse, T., & Tolera, A. (2023). 

The Effect of Inclusion of Jatropha curcas 

Seed Meal in the Diet on Feed Intake, Growth 

Rate, and Carcass and Meat Quality Traits of 

Koekoek Chicken. Agricultural Re-

search, 12(4), 439-449. 

Birhanu, M. Y., Osei-Amponsah, R., Yeboah 



122 

 

Obese, F., & Dessie, T. (2023). Smallholder 

poultry production in the context of increasing 

global food prices: roles in poverty reduction 

and food security. Animal Frontiers, 13(1), 

17-25. 

BLDHA (Bora Livestock Development and 

Healthy Agency) annual report 2019. 

Bounds, M., & Zinyemba, O. (2018). Poultry 

farming: Lessening poverty in rural ar-

eas. South African Journal of Agricultural Ex-

tension, 46(1), 59-70. 

Campanati, C., Willer, D., Schubert, J., & Al-

dridge, D. C. (2022). Sustainable intensifica-

tion of aquaculture through nutrient recycling 

and circular economies: more fish, less waste, 

blue growth. Reviews in Fisheries Science & 

Aquaculture, 30(2), 143-169. 

Choi, J., Kong, B., Bowker, B. C., Zhuang, H., & 

Kim, W. K. (2023). Nutritional strategies to 

improve meat quality and composition in the 

challenging conditions of broiler production: a 

review. Animals, 13(8), 1386. 

Desta, T. T. (2021). Indigenous village chicken 

production: a tool for poverty alleviation, the 

empowerment of women, and rural develop-

ment. Tropical Animal Health and Produc-

tion, 53(1), 1. 

Diriba, L., & Urge, M. (2020). Status and chal-

lenges of available feed resources and it’s 

quality under the changing climate in Adami 

Tulu districts of east Shoa zone, Ethiopia. Am. 

J. Basic Appl. Sci, 3, 15. 

Donald D. and William D. (2002). Commercial 

Chicken Meat and Egg Production. 5thed. 

Kluwer Academic Publishers. USA. pp 224-

226.  

Ekreen N.V., A. Mass H.W Saatkamp M. 

Verschuur (1997). Small poultry production in 

tropics. (Agro dock 4, Agromissa. (CTA). 70.  

El-Deek, A. A., Abdel-Wareth, A. A., Osman, M., 

El-Shafey, M., Khalifah, A. M., Elkomy, A. E., 

& Lohakare, J. (2020). Alternative feed ingre-

dients in the finisher diets for sustainable 

broiler production. Scientific reports, 10(1), 

17743. 

Emmerson, D.A. (1997). Commercial ap-

proaches to genetic selection for growth and 

feed conversion in domestic poultry. Poultry 

Science, 76(8), 1121–1125. 

Feyisa, T., Tolera, A., Nurfeta, A., Balehegn, M., 

& Adesogan, A. (2024). Availability, distribu-

tion and quality of agro-industrial byproducts 

and compound feeds in Ethiopia. Frontiers in 

Animal Science, 5, 1408050. 

Georganas, A., Giamouri, E., Pappas, A. C., 

Zoidis, E., Goliomytis, M., & Simitzis, P. 

(2023). Utilization of agro-industrial by-prod-

ucts for sustainable poultry production. Sus-

tainability, 15(4), 3679. 

Getahun, A., Kechero, Y., Yemane, N., Dessie, T., 

& Esatu, W. (2025). Nutritional evaluation and 

potential of locally available alternative feed 

resources for sustainable poultry production: a 

case study of smallholder farms in central and 

Southern Ethiopia. Tropical Animal Health 

and Production, 57(7), 317. 

Hardy, R. W., & Tacon, A. G. (2002). Fish meal: 

historical uses, production trends and future 

outlook for sustainable supplies. pp 311-325. 

Hilmarsdottir, G. S., Ogmundarson, Ó., Arason, 

S., & Gudjónsdóttir, M. (2020). The effects of 

varying heat treatments on lipid composition 

during pelagic fishmeal production. Processes, 

8(9), 1142. 

Isika, M.A., C.A. Eneji and E.A. Agiang. 2006. 

Evaluation of sun and oven-dried broiler offal 

meal as replacement for fish meal in broiler 

and layer rations. International Journal of 

Poultry Science 5(7): 646-650.  

Jacob J. (2013). Including Fishmeal in Organic 

Poultry Diets, Organic Agriculture University 

of Kentucky. 

Jayathilakan, K., Sultana, K., Radhakrishna, K., 

& Bawa, A. S. (2012). Utilization of byprod-

ucts and waste materials from meat, poultry 

and fish processing industries: a review. Jour-

nal of food science and technology, 49(3), 

278-293. 

Karimi A. (2006). The effects of varying fish 

meal inclusion levels on performance of 

broiler chicks. International Journal of Poul-

try Science 5(3): 255-258  

Kleyn, F. J., & Ciacciariello, M. (2021). Future 

demands of the poultry industry: will we meet 

our commitments sustainably in developed 

and developing economies?. World's Poultry 

http://articles.extension.org/organic_production


123 

 

Science Journal, 77(2), 267-278. 

Kolawole, A. A., & Mustapha, A. K. (2023). 

Farmed fish feeds: use of non-conventional 

feed as fishmeal replacement in Nigeria. Jour-

nal of Applied Sciences and Environmental 

Management, 27(7), 1387-1398. 

Lall, S. P., & Kaushik, S. J. (2021). Nutrition and 

metabolism of minerals in fish. Animals, 

11(09), 2711. 

Leeson, S. (2008). Predictions for commercial 

poultry nutrition. Journal of Applied Poultry 

Research, 17(2), 315-322. 

Leeson, S., & Summers, J. D. (2009). Commer-

cial poultry nutrition. Nottingham university 

press. 

Limeneh, D. Y., Tesfaye, T., Ayele, M., Husien, 

N. M., Ferede, E., Haile, A., & Kong, F. (2022). 

A comprehensive review on utilization of 

slaughterhouse by-product: Current status and 

prospect. Sustainability, 14(11), 6469. 

Liu, K., Frost, J., Welker, T. L., & Barrows, F. T. 

(2021). Comparison of new and conventional 

processing methods for their effects on physi-

cal properties of fish feed. Animal Feed Sci-

ence and Technology, 273, 114818. 

LIVES (livestock Irrigation value chain Ethio-

pian small holder), (2014). Chicken and egg 

marketing insights from traders in Meki .oro-

mia, Contributed by Abule Ebro (LIVES re-

gional coordinator, Oromia) retrieved from 

https://lives–ethiopia.org/chicken.  

Markos, S., Belay, B., & Dessie, T. (2024). Char-

acterization of village chicken production sys-

tems in three agro-climatic zones of western 

Tigray, northern, Ethiopia. Am. J. Aquac. Anim. 

Sci., 3(1), 9-24. 

McDonald, P., Greenhalgh, J. F. D., Morgan, C., 

Edwards, R., Sinclair, L., & Wilkinson, R. 

(2010). Animal nutrition. Pearson Higher Ed. 

Melesse, A., Getye, Y., Berihun, K., & Banerjee, 

S. (2013). Effect of feeding graded levels of 

Moringa stenopetala leaf meal on growth per-

formance, carcass traits and some serum bio-

chemical parameters of Koekoek chickens. 

Livestock Science, 157(2-3), 498-505. 

Negesse, T., & Tera, A. (2010). Effects of feeding 

different levels of cooked and sun dried fish 

offal on carcass traits of growing Rhode Island 

Red chicks. Tropical animal health and pro-

duction, 42(1), 45-54. 

Negussie D. and Alemu Y. (2005). Characteriza-

tions and classification of potential poultry 

feed in Ethiopia using cluster analysis. Ethio-

pian Journal of Animal Production 5(1)-2006 

107-123.   

Niu, J., Figueiredo‐Silva, C., Dong, Y., Yue, Y. 

R., Lin, H. Z., Wang, J., ... & Lu, X. (2016). 

Effect of replacing fish meal with soybean 

meal and of DL‐methionine or lysine supple-

mentation in pelleted diets on growth and nu-

trient utilization of juvenile golden pompano 

(Trachinotus ovatus). Aquaculture Nutrition, 

22(3), 606-614. 

North, M. O., & Bell, D. D. (1990). Commercial 

chicken production manual (4th ed.). Chap-

man & Hall. 

Nurfeta, A. (2010). Feed intake, digestibility, ni-

trogen utilization, and body weight change of 

sheep consuming wheat straw supplemented 

with local agricultural and agro-industrial by-

products. Tropical animal health and produc-

tion, 42(5), 815-824. 

Ogbuewu, I. P., Modisaojang-Mojanaga, M. M. 

C., Mokolopi, B. G., & Mbajiorgu, C. A. 

(2023). A meta-analysis of responses of broiler 

chickens to dietary zinc supplementation: feed 

intake, feed conversion ratio and average daily 

gain. Biological Trace Element Research, 

201(5), 2491-2502. 

Olsen, R. L., Toppe, J., & Karunasagar, I. (2014). 

Challenges and realistic opportunities in the 

use of by-products from processing of fish and 

shellfish. Trends in Food Science & Technol-

ogy, 36(2), 144-151. 

Ponce, L.E and A.G. Gernat. (2002). The effect 

of using different levels of tilapia by product 

meal in broiler diets. International Journal of 

Poultry Science 8(7): 1045-1049.  

Ramukhithi, T. F., Nephawe, K. A., Mpofu, T. J., 

Raphulu, T., Munhuweyi, K., Ramukhithi, F. 

V., & Mtileni, B. (2023). An assessment of 

economic sustainability and efficiency in 

small-scale broiler farms in limpopo province: 

a review. Sustainability, 15(3), 2030. 

RVMLZ, 2008. Rift valley Maize Livelihood 

Zone (RVMLZ) annual report (2008). 

https://lives–ethiopia.org/chicken


124 

 

Salo, S., Urge, M., Kurtu, M.Y., Guyo,M. (2025). 

Effects of Mineral Soil and Dicalcium Phos-

phate Mix Supplementation on Performance of 

Sheep Fed on a Diet of Urea-Treated Maize 

Stover. Veterinary Medicine and Science 12(1): 

e70710. 

SAS. (2012). Statistical Analysis System 

SAS/STAT guide for personal computers, ver-

sion 9.4 editions. SAS Institute Inc., Cary, NC, 

USA. 

Schimmel, H. (2016). Challenges and opportuni-

ties of animal feed processing and marketing 

in Ethiopia: AKF Experiences. 

Shastak, Y., & Pelletier, W. (2023). Nutritional 

balance matters: assessing the ramifications of 

Vitamin A deficiency on poultry health and 

productivity. Poultry, 2(4), 493-515. 

Singh, M., Mollier, R. T., Paton, R. N., Pongener, 

N., Yadav, R., Singh, V., Katiyar, R., Kumar, 

R., Sonia, C., Bhatt, M., Babu, S., Rajkhowa, 

D. J., & Mishra, V. K. (2022). Backyard poul-

try farming with improved germplasm: Sus-

tainable food production and nutritional secu-

rity in fragile ecosystem. Frontiers in Sustain-

able Food Systems 6: 962268.  

Tera, A., Neggese, T., & Melesse, A. (2009). The 

effect of partial substitution of plant protein by 

fishmeal prepared out of cooked and sun dried 

fish offal on feed intake and carcass traits of 

Rhode Island Red chicks. SINET: Ethiopian 

Journal of Science, 32(1), 75-80. 

Tera, A., Neggese, T., Melesse, A., & Teklegior-

gis, Y. (2008). Growth and Feed Efficiency of 

Rhode Island Red Chicks. East African Jour-

nal of Sciences, 2(2), 111-118. 

Thanabalan, A., & Kiarie, E. G. (2021). Influence 

of feeding omega-3 polyunsaturated fatty ac-

ids to broiler breeders on indices of immuno-

competence, gastrointestinal, and skeletal de-

velopment in broiler chickens. Frontiers in 

Veterinary Science 8: 653152. 

Tolera, A. (2007). Feed resources for producing 

export quality meat and livestock in Ethiopia 

(Examples from selected Woredas in Oromia 

and SNNP regional states). Ethiopia Sanitary 

and Phytosanitary Standards and Livestock 

and meat Marketing Program (SPS-LMM). 

USAID, Ethiopia.  

Upton M. 1979. Farm management in Africa, the 

principle of production and planning Oxford 

university press, 380p. 

Wang, X., Luo, H., Zheng, Y., Wang, D., Wang, 

Y., Zhang, W., ... & Shao, J. (2023). Effects of 

poultry by-product meal replacing fish meal 

on growth performance, feed utilization, intes-

tinal morphology and microbiota communities 

in juvenile large yellow croaker (Larimichthys 

crocea). Aquaculture reports, 30, 101547. 

Wilson, R. T. (2021). An overview of traditional 

small-scale poultry production in low-income, 

food-deficit countries. Annals of Agricultural 

& Crop Sciences, 6(3), 1077. 

Wiseman J.1987. Feeding of non-ruminant live-

stock. Butterworth, London.208 pp. 

Wisenfeld P.L, S.B. Uma, B. R. Richard, G. Den-

nis, O. D. Michael and J. M. Michael. 2005. 

Effect of dietary fish meal on chicken serum, 

liver and spleen fatty Acid metabolism. Inter-

national Journal of Poultry Science 4(10): 

728-733.  

Wolde, S., Negesse, T., & Melesse, A. (2011). Ef-

fect of dietary protein concentration on feed 

intake, body mass gain and carcass traits of 

Rhode Island Red chicken. Journal of Science 

and Development, 1(1), 53-64. 

Yuan, C., Jiang, Y., Wang, Z., Chen, G., Chang, 

G., & Bai, H. (2024). Effects of sex on growth 

performance, carcass traits, blood biochemical 

parameters, and meat quality of XueShan 

chickens. Animals, 14(11), 1556. 

Zampiga, M., Calini, F., & Sirri, F. (2021). Im-

portance of feed efficiency for sustainable in-

tensification of chicken meat production: im-

plications and role for amino acids, feed en-

zymes and organic trace minerals. World's 

Poultry Science Journal, 77(3), 639-659. 

Zegeye, D. M., Ahmed, M. B., Negesse, T., & 

Woldegiorgiss, W. E. (2023). Commercial 

poultry feed analysis and value chain mapping 

in northern Ethiopia. Tropical Agricul-

ture, 100(1), 32-43.

 


