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ABSTRACT 

 

A feeding trial was conducted to enhance the utilization of locally produced full-fat soybean by 

the broiler industry. This study was conducted at Debre-Zeit Agricultural Research Center 

(DZARC), Ethiopia. The study had three phases, such as starter (1-14d), grower (15–28d) and 

finisher (29–49d) phases. A completely randomized design (CRD) was used in starter phase, 

with three treatments (commercial soybean meal (SBM) was replaced by raw full-fat soybean 

(RFSB) at 0, 10 or 20%) and each was replicated eight times. A total of 408 unsexed one-day-old 

Cobb-500 broiler chicks were purchased from local commercial hatchery farm and were 

randomly allocated to replicates. All diets were formulated based on international 

recommendation. A 2 x 3 factorial arrangement was also used in both second (grower) and third 

(finisher) phase-trials, which had six experimental diets. These six treatments were formed by 

dividing the original three diets (containing 0, 10 or 20% of raw full-fat soybean (RFSB) into 

two and then by pelleting anyone from each respective group and leaving the other as mash. 

Then, every treatment had four replications and 17 birds in each. Chemical compositions of feed 

ingredients were analyzed and data of initial body weight of chicks, feed offered, feed leftover, 

body weight (BW) of chickens and mortality were collected. At the end of the experiment, two 

birds (one male and one female) per replicate were randomly selected and humanly slaughtered. 

Weights of dressed, eviscerated, cut parts of carcass and visceral organs were weighed and 

recorded. The result indicated that Feed intake (FI), Body weight gain (BWG), Body weight 

(BW) and Feed conversion ratio (FCR) of broilers were not significantly affected (P>0.05) by 

supplementation of a leveled raw full-fat soybean (RFSB) on diets at starter, grower and finisher 

phases. However, the interaction effect between the feed form and levels of raw full-fat soybean 

(RFSB) influenced (P<0.05) the Feed intake (FI), Body weight (BW) and Body weight gain 

(BWG), at grower stage. The Feed conversion ratio (FCR) value of broilers, at grower phase was 

significantly (P<0.05) different between birds fed pelleted and non-pelleted ration. The Feed 

intake (FI), at finisher stage was also significantly (P<0.05) influenced by the feed forms. 

However, weights of dressed, eviscerated, cut parts of the carcass and visceral organs were not 

significantly (P>0.05) affected by both of raw full-fat soybean (RFSB) supplementation, up to 

20% and feed forms. It is concluded that the commercial soybean meal (SBM) can be replaced 

by locally produced raw full-fat soybean (RFSB) up to 20% without pelleting the diets 

Keywords: Anti-nutritional factors, Broilers, Raw Full-Fat Soybean, Soybean Meal, Visceral 

Organs. 
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1. INTRODUCTION  

 

Agriculture, particularly livestock sector, plays an important role in economic growth by 

enhancing food security and rural development in developing countries (FAO, 2018). Poultry 

sector is continuously growing in many parts of the world. The increasing human population, 

greater purchasing power and urbanization have been strong drivers of growth (FAO, 2019). As 

reported by Central Statistic Authority of Ethiopia (2018), the chicken population is estimated to 

be 56.06 million, and kept for both egg and meat production purposes (Shapiro et al., 2015; 

CSA, 2018). The majority of the breeds kept are indigenous ones, which constitute about 88.19 

percent (CSA, 2018). Chicken production is an important sector in Ethiopia and are also sources 

of food, nutrition, incomes (Tadesse, 2015). Local chickens in the country play a vital role in 

many poor rural households and these birds are generally managed by women and children, 

which are often essential elements of female-headed households (CSA, 2018). 

 

In Ethiopia, trends of meat production is moderately rising, with some fluctuations (CSA, 2018; 

FAO, 2018; Birhanu, 2019). According to Ethiopian livestock master plan, chicken meat 

production is projected to increase from 48,900 tons in the year 2015 to 164,000 tons in the year 

2020, which is a 235% increase (Shapiro et al., 2015). However, consumption of poultry meat 

and egg in the country is very low compared to other countries. On the other hand, the demand 

for poultry products is generally increasing rapidly (Dana et al., 2006; FAO, 2018). Generally, 

the demand of animal source foods is not yet met in Ethiopia (FAO, 2018). Currently broiler 

industry is immensely supplying animal proteins, but it is highly constrained by the availability, 

quality, and cost of feed ingredients, regardless of the system of production in developing 

countries (Shapiro et al., 2015; Ugwuowo et al., 2019). Feed is one of the factors which 

determine the poultry, particularly broiler production and represents the major cost of 

production, constituting up to 70 percent of the total (Ravindran, 2013; Ugwuowo et al., 2019). 

Energy and crude protein intakes are generally essential in broiler production (Shapiro et al., 

2015; Waldroup and Smith, 2017). Underfeeding and malnutrition limits the ability of an animal 

to reach its genetic potential (Shapiro et al., 2015). However, some feed ingredients, particularly 

those sources of the crude protein are very expensive and sometimes inaccessible to the 

producers. 
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Soybean (Glycine max (L.) is leguminous plants and its meal is the most important protein 

source that has been used to feed farm animals (Heuzé et al., 2020). Soybeans represent about 

55% of the total global production of oilseeds (Cromwell, 2017). It is the by-product of the 

extraction of soybean oil which represents two-thirds of the total world output of protein 

feedstuffs (Cromwell, 2012; Oil World, 2015). Globally, soybean meal accounts for nearly 69% 

of all protein sources used in animal feeds (Cromwell, 2017), and dominates the market for 

protein supplements for poultry (Cromwell, 2017; Waldroup and Smith, 2017). There are a 

number of reasons for this, including its consistency in nutrient content, its availability, and its 

high content of crude protein (Waldroup and Smith, 2017). In addition, it also contains 

substantially higher metabolizeable energy content than other oilseed meals (Ravindran, 2013). 

However, in addition to the quality, which is largely dependent on the processing technology and 

origins (Park et al., 2002; Serrano et al., 2012), commercial soybean meal is very expensive and 

inaccessible to the small-scale producers. 

 

Full-fat soybean, on the other hand can be obtained either after heat treatment or from the raw 

full-fat soybean, which is known to be raw full-fat soybean (RFSB) (Erdaw, 2016b). Literatures, 

are also suggesting the possibility that both the commercial SBM and the dietary oil, in chicken 

diets could partially be replaced by full-fat SBM (Hamilton and Mcniven, 2000; Mirghelenj et 

al., 2013; Erdaw et al., 2017b; Rada et al., 2017). Since full-fat soybeans (FFSB) provides an 

excellent source of energy and protein for animals (Perez-Maldonado et al., 2003), some other 

countries, for example, South Africa, is also using around 53% of all domestically processed 

SBM as a full-fat soybean (FFSB) for poultry and pig (NAMC, 2011). However, raw, full-fat 

soybean (RFSB) contains various anti-nutritional factors (ANFs) for poultry, the most 

problematic one is protease inhibitor (Perez-Maldonado et al., 2003). Anti-nutritional factors 

(ANFs) can cause the depression in broiler performance (Perez-Maldonado et al., 2003), which 

contribute to a reduction in nutrient utilization. ANFs elicit their negative effects via different 

mechanisms, including binding to digestive enzymes and nutrients or increasing gut viscosity 

(Ao, 2011).  

 

Although tolerance of ANFs depends on the age of the birds (Perez-Maldonado et al., 2003; 

ASA, 2004; Erdaw, 2016a) excessive levels of ANFs reduce the nutritional quality of the feeds 
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(Stein et al., 2008, Erdaw et al., 2017a). Fortunately, some ANFs can be denatured by heat 

(Perez-Maldonado et al., 2003), but the common problem with the process of heating the 

soybean is lack of optimum combination of temperature-intensity and time-duration. Either 

under or overheating the soybean can reduce the quality of the meal. Studies have been showing 

that RFSB can be added, under limited extent, to diets of chickens (Erdaw et al., 2017c). 

 

In Ethiopia, 26 different soybean varieties are released with variable maturity and adaptability to 

different agro ecologies (Desissa, 2019). The country produced an estimated volume of 150,000 

tons of soybeans in 2014/15 (Sopov and Sertse, 2015). In 2014, 3,324 tons of soybean was 

exported and earned US$ 1,461 million whereas at the same time 1,057 tons soybeans and its 

products imported with expense of US$ 1,475 million (Sopov and Sertse, 2015). This data shows 

that the country is exporting large volumes of low-value soybeans (raw material).on the other 

hand the country is still facing with shortage of both dietary oil and the byproducts, including 

soybean meals. This might be happened because of the shortage of oil-extracting factories 

(Sopov and Sertse, 2015; Desissa, 2019). Consequently, the price of whole soybean grain, in the 

local market is cheaper by 50% than that of the byproducts, for example the commercial SBM. 

So far, there is no or limited researches conducted in the country on locally produced raw full-fat 

soybean grains as a feed ingredient to be used in diets of chickens particularly for broiler 

chickens. Locally produced RFSB grain was not yet tested, particularly when it is gradably 

included in diets and then found in its pelleted or non-pelleted forms. Therefore, the general 

objective of this study was to enhance the utilization of locally produced raw full-fat soybean by 

the chicken industry through conducting feeding trial.  

 

Specific Objectives  

 To assess the effects of replacing commercial soybean meal by a graded levels of raw full-

fat soybean, as a feed ingredient, in diets of broiler chickens. 

 To evaluate effects of pelleting diets, containing graded levels of raw full-fat soybean on 

the performance of broilers. 
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2. LITERATURE REVIEW  

 

2.1. Chicken Production Systems in Ethiopia  

 

The potential contribution of poultry industry, to improving food security, nutrition and meat 

consumption is huge (Shapiro et al., 2015). Chicken production plays a key role in the 

livelihoods of the rural residents, particularly to the developing countries that is being an 

immediate income source and by improving the nutritional status of the rural households (Tadele 

et al., 2018). In Ethiopia, indigenous chickens are reared for basic social and economic needs in 

the households (Moges et al., 2010). Indigenous chickens are better adapted to harsh 

environment, tolerant to diseases and parasite and are good brooders (Alemneh and Getabalew, 

2019). 

 

The managerial practices of chicken production can vary by breed types ,input and output levels, 

mortality rates, types of producer, purpose of production, length of broodiness, growth rate and 

number of chickens reared (Moges et al., 2010). The poultry sector in Ethiopia can be 

characterized into three major production systems, namely, large-scale commercial, small-scale 

commercial and scavenging. This is based on some parameters, such as breed, flock size, 

housing, feeding, health, technology and biosecurity (Tadesse, 2015). Similarly, Hailemariam et 

al. (2017) reported that chicken production systems in Ethiopia are classified into three such as 

small, medium and large scale. Moreover as reported by Mengesha (2012) the most common 

production system in Ethiopia is traditional (extensive) type. However, with an increasing 

demand for meat, in both national and regional levels, it is not possible to meet the demand with 

these existing extensive chicken production systems. Thus, commercial production system is 

expected to meet such demands of poultry products, including the chicken meat. 

 

2.2. Patterns of Broiler Chickens Production and Meat Consumption in Ethiopia  

 

Consumption of poultry products, especially poultry meat, has globally increased over the years, 

and this trend is expected to continue (Ravindran, 2013). Production of poultry is a highly 
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growing agribusiness (Teshome et al., 2019). The growth of broiler industry has been 

phenomenal in many countries (Gietema, 2005). Broiler chickens are meat-type chicken breeds 

and raised for meat production and supplies the populations with animal proteins ( FAD PReP, 

2013; Ugwuowo et al., 2019). They are produced from special chicken breeds and nowadays 

they are usually hybrid birds (Gietema, 2005).Ethiopia had a huge number of livestock 

population, but meat production is still low and contributes to about 0.2 percent of the world’s 

total meat production (Birhanu, 2019). In Ethiopia, levels of selling and consumption of both 

chicken meat and egg could varies from year to year, which may contribute for a varied per-

capita consumption figures of chicken products and the variation is also common on incomes 

generated from it too (Abadi, 2017). Over the past several decades, the consumption of poultry 

meat, in Ethiopia was very low, and remains far below African and global averages. The 

prospects for the future growth of commercial poultry in Ethiopia is high, with an average 

poultry meat consumption of about 0.66 kg per capita compared with about 1.64 kg in East 

Africa and around 6.73 kg in Africa (FAO, 2019). The trends in consumption and the per capita 

intake of energy and protein derived from poultry meat have not changed much from 2003 to 

2013 (FAO, 2019). Forecasts indicate that Ethiopian poultry sector is expected to grow annually 

by between 6–10 percent until 2025 (FAO, 2019).  

 

According to the report of Teshome et al. (2019), broiler production systems can be classified in 

two different categories, such as commercial broiler production system, which involves an 

average of 10,000 broilers kept under indoor conditions as one batch with a medium bio- security 

level, and small scale broiler production system. Their flock sizes usually range from 2000-5000 

broiler chicks kept for operating and most of these farms obtain their feeds and day old chickens 

from the large scale commercial broiler farms and involved in the supply of broiler meat to 

various supermarkets and hotels through middlemen. However, since the margin of the profit per 

chicken is usually small, broiler production is often a large-scale enterprise. Thousands of 

chickens have to be reared by a single producer in order to make a reasonable income (Gietema, 

2005). 
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2.3. Chicken Feed Resources in Ethiopia 

 

Feed is the most important input for poultry production and it is one of the factors, which 

determine the success of the poultry business (Ravindran, 2013; Rohaeni, 2019). In Ethiopia, the 

extensive poultry production systems entirely dependent on the scavenging feed resources, 

within the local environment, such as household wastes and food leftovers, field crops, worms 

and insects (FAO, 2019). As reported by different authors (Abera and Geta, 2014; Tadesse, 

2015; Waktole et al., 2018) scavenging is the main feed resource of rural poultry and with rare 

supplementary feed to their chickens (Moges et al., 2010). Similarly, the chicken owners 

commonly supplement feeds for their chickens, such as wheat, barley, maize, sorghum and 

household wastes (Nigatu and Bezabih, 2014 ; Yadessa et al., 2017; Edmew et al., 2018; Assefa 

et al., 2019; Tadele et al., 2020). The most common poultry feed ingredients in Ethiopia are 

cereal grains, milling by products (e.g. wheat shorts and middling) and oil seed cakes (e.g. noug 

seed cake, cotton seed cake, sunflower seedcake, sesame seedcake, groundnut cake and linseed 

cake) (FAO, 2019). 

 

In the intensive systems, poultry fed compound rations (FAO, 2019). The diets are formulated 

from a mixture of ingredients, including cereal grains, cereal by-products, fats, plant protein 

sources, animal byproducts, vitamin and mineral supplements, amino acids and feed additives 

(Ravindran, 2013). In Ethiopia, seasonality, shortage and prices of feed ingredients are key 

challenges for sustainable and affordable delivery of compound feeds (Bediye et al., 2018). 

Maize and soybean is the major raw materials used in poultry rations. However, there are still 

substantial gaps in the supply of major raw materials used in poultry feeding, particularly maize 

and soybean (FAO, 2019). For instance, the price trends of soybean meal taking base year of 

2010/11 to 2016 increased up to 60 percent across five years (Bediye et al., 2018). In addition, 

various inputs including premixes, minerals and vitamins are currently imported from abroad 

using hard currency and their prices are very high (Bediye et al., 2018). Hence, price and quality 

of feeds are the most important factors limiting commercial poultry production in the country 

(FAO, 2019). Research in promoting the commercial feed sector (use of alternative check feeds 

for compound feeds; innovative approaches in import substitution via local production of feed 

supplements; and on-farm testing) are also very weak (Bediye et al., 2018). So to overcome 
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shortage of raw materials for feed ingredients, there are wide opportunities exist to produce 

maize and soybean for feed production in Ethiopia. Additionally, huge land is available for 

commercial production of these commodities (Bediye et al., 2018). As the demand for poultry 

products increasing in developing countries, it has a profound effect on the demand for feed and 

raw materials (Ravindran, 2013). It was suggested by different scholars (Al-Sardary, 2010; 

Erdaw et al., 2017a, 2017d; Rada et al., 2017; Erdaw and Beyene, 2018) broilers diet containing 

SBM could be partially replaced by raw full fat soybean at optimum level with different feed 

forms. Conducting on station feeding trial of broilers based on locally available RFSB will help 

to overcome the problem related with feed cost and quality. Moreover, it enhances the utilization 

of locally produced raw full-fat soybean by the chicken industry as cheap feed ingredients as 

compared with soybean meal. 

 

2.4. Nutritional Requirements of Broilers 

 

Through selection and genetic improvement broilers reached to an efficient feed conversion, 

fastest growth rate and better ability to grow well on cheaper low density feeds. Broiler 

performance varies from country to country (Vantress, 2013). Among different commercial 

broilers chicken breeds that are available in the world, Cobb-500 is a flexible broiler breed that 

can bring good costs from low amino acid density feeds, or will respond with accelerated growth 

and breast yield using high amino acid levels (Vantress, 2015). Compared with other broiler 

breed, Cobb-500 stands higher productivity and less growth of fattening period. In 35 days, the 

average weight is 1.9 kg should be in 42 days - 2.4 kg (Vantress, 2018). 

 

Broiler diets are formulated to provide balanced array of nutrients that are essential for health 

and efficient production (Vantress, 2018).Nutrients required by birds vary according to species, 

age and the purpose of production (Ravindran, 2013). Most of feed formulated by poultry 

nutritionists are designed to attain maximum profitability of live birds or designed to optimize 

yields of certain carcass components, such as breast muscle ( FAD PReP, 2013). The basic 

nutritional components required by the birds are water, amino acids, energy, vitamins and 

minerals (Vantress, 2018). To satisfy requirements of broilers, feeds are often supplemented with 

synthetic amino acids, such as methionine, lysine, and threonine, which are the limiting amino 
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acids in broiler feed ( FAD PReP, 2013). To meet the nutritional requirement of commercial 

broilers high protein and energy levels are needed. To attain the desired body weight gain of 

broilers, at starter, grower and finisher phases, feed should contain crude protein (%) of 21-22, 

19-20 and 18-19, and Metabolizeable energy (kcal/kg ) 3035.37, 3107.07 and 3178.78, 

respectively (Vantress, 2013).  

 

2.5. Feed Intake and Efficiency 

 

Successful broiler development is dependent on optimal feed intake throughout the growing 

period (Jafarnejad et al., 2010). Feed intake is the major factor that influences body weight gain 

and feed efficiency (Ferket and Gernat, 2006). Optimal feed intake and growth are dependent on 

a number of factors, such as dietary (dietary nutrient composition, feed formulation and feedstuff 

inclusion levels, and feed pellet quality) and managerial (feed and water availability to the birds, 

environmental management, stocking density), and disease control) (Ferket and Gernat, 2006; 

Jafarnejad et al., 2010). Moreover, there are many other factors which affect feed intake and 

level of nutrient intake of chicken production (Abebe et al., 2015). A deficiency or excess of 

dietary nutrients will negatively impact feed intake, but for most nutrients, levels within 

commercially acceptable ranges have a limited effect on feed intake (Classen et al., 2017). 

Modern commercial broilers will not grow to their full genetic potential unless they consume 

their full nutritional requirement each and every day (Ferket and Gernat, 2006). So, growth rate 

and efficiency are linked to the ability to consume, digest, absorb and metabolize dietary 

nutrients (Scott, 2005; Ferket and Gernat, 2006). When feed intake is increased, a greater 

proportion of nutrients is used for growth and feed conversion ratio (FCR) is improved (Scott, 

2005). The FCR is a measure of how well a flock converts feed intake (feed usage) into live 

weight and it is the most commonly used parameter to determine broiler nutritional requirement 

(Rostagno et al., 2007).The Feed efficiency are not only change in efficiency of muscle 

deposition, but also a reduction in the time taken to reach market weight and decreased 

maintenance costs (Scott, 2005).  
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2.6. Soybean for Broiler Diets 

 

Soybean (Glycine max (L.) is a leguminous oilseed crop and one of the world’s largest and most 

efficient sources of plant protein (Nahashon and Kilonzo-Nthenge, 2011). It is by far the most 

important oilseed crop in the world and is grown for a number of industrial and agricultural uses 

(Dei, 2010; Modika, 2011). Soybean play an important role in the diets of many regions 

throughout the world and have been referred to as the miracle bean for their high nutritive value 

where they are compared with other legumes (Messina, 1999). Because it contain highly 

valuable proteins and oils (on average ranging from 39-41% CP and 18-21% oil) which make 

them good feed alternatives to animal proteins and oils (Modika, 2011). Content of crude fiber is 

lower in comparison to another vegetable high protein feeds. It is also characterized the highest 

digestibility of protein, lysine and methionine (Banaszkiewicz, 2011). Use of soybean products 

in non-ruminant diets can give reasonable performance only if diets are formulated correctly or 

their anti-nutritive factors removed (Dei, 2010). Soybean products are the main feed-stuffs in 

feed formulation (Rocha et al., 2014). However, the supply and quality of SBM fluctuates, and 

the meal is expensive due to processing and transportation costs. Although there is a growing 

interest in the use of RFSB for birds, its nutritive value is negatively affected by the presence of 

ANFs (Erdaw et al., 2016a; Rada et al.,2017).  

 

2.6.1. Raw soybean 

 

Raw full fat soybeans are obtained from whole soybean without cooking or removing any of the 

oil (Van Eys, 2004). Raw soybean contains several ANFs, such as protease inhibitors, lectins 

(hemagglutinins), and allergens (glycinin and β-conglycinin), which are heat unstable and 

therefore can be inactivated by heat treatments (Rocha et al., 2014; Ravindran, 2013). Raw 

soybeans are usually processed in order to improve their nutritional value, either by removing 

ANFs or by making the protein less degradable for ruminants (Heuzé, 2020). An increased use of 

grain legumes as feed limited by ANFs which decrease nutritive value of grain legumes and, if 

taken in larger amounts, cause health problems (Mikic et al., 2009). The ANFs present in raw 

full-fat soybeans damage the integrity of the intestinal epithelium and negatively affect both 

gross and microscopic pancreatic structure (Mikic et al., 2009; Rocha et al., 2014). As reported 

Rada et al. (2017) RFSB to the broiler diets up to 80g/kg is possible without having a 

https://www.feedipedia.org/user/3
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significantly negative effect on the growth rate and FCR Commercial SBM could be replaced at 

up to 25% by RFSB for broilers with supplementation of microbial protease and phytase (Erdaw 

and Beyene, 2018). Unfortunately; increasing RFSB in diets of poultry increased both trypsin 

activity and weights of pancreas (Rada et al.,2017). Similarly feed intakes and body weight gains 

were reduced due to increasing levels of RFSB (Erdaw and Beyene, 2018). 

 

2.6.2. Full-fat soybean 

 

Full-fat soybean is whole soybeans in which the oil is not extracted. These products are produced 

by a variety of processes such as extruding (dry or wet), cooking/ autoclaving, roasting/toasting, 

micronizing and jet-sploding to inactivate the ANFs (Dei, 2010). All of these processes have 

different impacts on the nutritive value of the products depending on heat damage or degree of 

inactivation of ANFs. Full-fat soybeans, either toasted or extruded, are also an excellent protein 

source for broilers. Because of having high oil (180 to 220 g/kg) and protein contents (370 to 420 

g/kg), with an acceptable amino acid profile, full-fat soybean (FFSB) provides excellent sources 

of energy and protein for both animals and humans (Waldroup, 1982; Vasconcelos et al., 2009). 

FFSB is attractive because its energy content is significantly higher than SBM. FFSB would 

make a comparable nutritive contribution to a poultry diet, it could replace SBM as well as 

certain amounts of other feedstuffs supplying protein and energy to the diet (Paulding et al., 

1986). According to the report of Ali et al. (1993) FFSB up to a level of 25% did not affect the 

broiler performance as compared to only SBM. Al-Sardary (2010) reported that inclusion of 25% 

FFSB in the starter and up to 35% in the finisher of broiler diets instead of SBM would improve 

performance. Leeson and Atteh (1996) evaluated the response of broiler chicks on dietary values 

of extruded FFSB and they found that lower extrusion temperatures do not reduce trypsin 

inhibitor activity to a satisfactory level that may not enable to include such extruded soybeans for 

broilers. Properly heat processed FFSB are capable of improving broiler performances, which 

sometimes similar to those birds, which fed on SBM based diets (Leeson and Atteh,1996).  

 

2.6.3. Soybean meal 

 

Soybean meal (SBM) is the material remaining after extraction of oil from SB flakes, 

(Mukherjee et al., 2016) and it is the most important protein source in non-ruminant diets. 



11 
 

Soybean meal or soybean cake or soybean chips are the direct product after most of the oil is 

extracted from whole soybeans by pressure or solvents, and SBM is derived from grinding the 

soybean cake, chips or flakes (Erdaw et al., 2016a; Heuzé et al., 2020). It has high CP and a 

balanced amino acid profiles of which tends to be deficient in cereal grains which constitute 

large portions of diets of monogastric animals (Nahashon and Kilonzo-Nthenge, 2011). The use 

of soybean meal as a protein source in broiler chicken feed leads to good growth if supported 

with the addition of synthetic methionine (Rohaeni, 2019). According to their digestibility and 

amino acid composition, soybean matches or exceeds all other common plant proteins sources 

(Waldroup and Smith, 2017). The origin of the soybean meal can influences the protein quality 

and amino acid digestibilities (Park et al., 2002; Serrano et al., 2012). 

 

2.6.4. Chemical composition and nutritive value of soybean 

 

Soybean is one of the most economical and valuable agricultural commodities because of its 

unique chemical composition and has highest protein content around 40% (Liu, 1997). The high 

biological value of soybean proteins and due to its favorable attributes, such as relatively high 

protein content and suitable amino acid profile except methionine, minimal variation in nutrient 

content and relative free from intractable anti-nutritive factors, increases their universal 

acceptability in animal feed (Dei, 2011). Genotype, planting area, soil type, agricultural 

practices, and environmental conditions, during the growing season and storage affect the 

chemical composition of the soybeans (Grieshop and Fahey, 2001).The chemical composition, 

protein quality and nutritive value of commercial SBM depend on the country of origin of the 

beans (García-Rebollar et al., 2016). The nutrient composition for SBM, raw and full-fat 

soybean are shown in Table 1. 
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Table 1. Nutritional composition of soybean meal, raw, and full-fat soybean 

 

Soybean 

products 

DM  CP  CF  EE Ash  References 

% % % % % 

SBM 91.48 42.29  3.79  . 2  - Erdaw et al. (2017a) 

92.10 46.58 4.70 2.25 6.60 Milczarek and Osek 

(2019) 

90-90.10 45.20-

48.34 

3.96-

7.22 

- - Park et al. (2002) 

89.89 35.4 7.35 6.01 6.85 Egorov et al. (2019) 

94.17 40.04 6.14 10.8 5.5 Embaye et al. (2018) 

88.9- 89.2 46.4-48.2 3.63-

6.08 

1.09-2.05 6.26-

7.95 

Ravindran et al. 

(2014b) 

86.3- 95.9 48.9-58.5 1.6-5.7 0.4-3.8 6.1-9.2 Heuzé et al. (2020) 

RFSB 

 

89.72 37.50 5.03 18.04 4.77 Van Eys et al.(2004) 

91.60 30.55 22.09 22.09 4.90 
Milczarek and Osek 

(2019) 

92.36   .2   6.2 14.73 - Erdaw et al. (2017b) 

86.6 38.36 4.8 17.8 - Sakkas et al. (2019) 

90.9- 92.9 39.4- 44.4 - - - Sharma et al. (2014) 

FFSB 89.44 37.08 5.12 18.38 4.86 Van Eys et al. (2004) 

90.08 35.1 7.29 18.04 4.35 Egorov et al. (2019) 

87-93.4 35.1-39.9 5.18-

8.81 

17.7-23.8 4.63-

4.94 

Ravindran et al. 

(2014a) 

95.06 38.0 5.1 20.9 5.5 Senkoylu et al.(2005) 

90 38 5 18 4.6 Johnson and Smith 

(2018) 

DM: Dry matter; CP: Crude protein; CF: Crude fiber; EE: Ether extract 
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2.6.5. Anti-nutritional factors of soybean  

 

Soybean is a good source of protein and energy, however it contains ANFs that limit inclusion in 

feeds for non-ruminant animals and also negatively affect the quality of feed (Rocha et al., 2014; 

Erdaw and Beyene, 2018). ANFs may be defined as those substances generated in natural feed 

stuffs by the normal metabolism of species and by different mechanisms (e.g., inactivation of 

some nutrients, diminution of the digestive process or metabolic utilization of feed which exert 

effects contrary to optimum nutrition) (Kumar, 1992). Being an ANF is not an intrinsic 

characteristic of a compound but depends upon the digestive process of the ingesting animal, 

e.g., Trypsin inhibitors (TI) which are ANFs for monogastric animals; do not exert adverse 

effects in ruminants because they can degrade the TI in the rumen (Patel et al., 2013). Trypsin 

inhibitors cause pancreatic hypertrophy/hyperplasia with consequent inhibition of growth, 

soybeans also contain lectin compound that bind with intestinal cells and interfere with nutrient 

absorption and other compounds such as saponins, lipoxidase, phytoestrogens and goitrogens 

whose anti-nutritional effects are not known (Nahashon and Kilonzo-Nthenge, 2011). The effects 

of these factors on monogastric animals may cause unfavorable physiological effects of the 

digestive absorptive, protective or secretory systems (Buttle et al., 2001). Some ANFs in 

soybean are shown in Table 2. 

 

Table 2. Some anti-nutritional factors in soybean 

Heat labile Heat stable 

Protease inhibitor Saponins 

Lectins Tannins 

Goitrogens Strogens 

Antivitamins Oligosacharides 

 Antigens 

 Phytate 

 

Source: Peisker (2001). 
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2.6.6. Methods of reduction of anti-nutritional factors of soybean 

 

Nowadays, the main challenges in poultry production are how to reduce feeding cost and 

improve product quality. The uses of unconventional feedstuffs contribute to decrease feeding 

cost and environmental impacts. The problem of feeding these materials is that they contain 

different levels of ANFs (Yacout, 2016). Pelleting, milling expanding or extrusion of feed 

processing techniques depending on facility and purpose of production increase the physical 

density of the feed and lead to increased feed intake, reduced time spent of feeding, improved 

growth rate and improved feed to gain ratio. Subsequently, improved feed conversion and better 

performance can often be observed when feeding processed diets compared to mash (Ahmed and 

Abbas, 2013; Sibanda and Ruhnke, 2017). The physical form of feed (mash, pellet, and crumble) 

is a key factor in meat yield of broilers (Ahmed and Abbas, 2013). Feed form (mash, pellet, and 

crumble) primarily affects feed intake and consequent live weight gains rather than FCR (Lilly et 

al., 2011).  

 

The elimination of ANFs can be achieved through various processing methods. These methods 

have different impact on the nutritional quality of the product. Thermal treatment is one of the 

most common methods of reducing the adverse effects of ANF in feed including enzyme 

inhibitors, haemaglutinins, plant enzymes, cyanogenic glycosides, goitrogens, phyto-oestrogens, 

saponins, gossypol, tannins, amino acid analogues, alkaloids, mineral and vitamin binders ( 

Sibanda and Ruhnke, 2017; Lokuruka, 2011; Ljøkjel et al., 2000). Heat processing of raw 

soybeans improves its nutritional values by destroying the trypsin inhibitors and other ANFs. 

Other benefits of thermal treatment include the ease of handling the finished product, improved 

hygienic status of the feed, and reduced ANFs ( Sibanda and Ruhnke, 2017). One method of heat 

processing of raw soybeans is dry roasting through a rotating chamber where they are directly 

exposed to a flame (MacIsaac et al., 2005). However, Ljøkjel et al. (2000) reported that heat 

treatment of SBM at 130 
0
C caused significant reduction of the content of Arg, Lys and Cys by 

4.1, 8.2 and 12.5%, respectively. During processing, high temperature is the primary factor 

responsible for the deactivation of the anti-growth factors present in raw soybeans (Danielson et 

al., 1988). But both under- and over-processing of soybeans can reduce the nutritive value of the 

meal (Rocha et al., 2014; Erdaw, 2016b). Over processing of RFSB resulted in a portion of the 



15 
 

lysine being rendered unavailable for poultry because of the Maillard reaction (KarrLilienthal et 

al., 2004; Lokuruka, 2011). Uses of too high temperature cause decrease of protein and some 

amino acids availability, especially lysine (Banaszkiewicz, 2011). 

 

Nowadays, various commercial feed mills are producing different forms of broilers feed for 

different age groups of birds. Pelleting is one of the processing methods that is employed by the 

feed manufactures to improve the performances of farm animals performance and it is the most 

prevalent heat treatment in the production of poultry feed (Abdollahi et al., 2013; Chehraghi et 

al., 2013). Pelleting is a combination of heating, friction, pressure and it reduces particle size, 

improves average daily feed intake, agglomeration of individual particles into a product of 

defined shape, size and durability (Abdollahi et al., 2011; Ahmed and Abbas, 2013; Sibanda and 

Ruhnke, 2017). Feeding high-quality pellets improves animal performance and feed conversion 

compared with feeding over poorer quality pellets (Dozier et al.,2010; Garcia-Maraver, 2015). 

Reasons for the enhanced performance may be due to decreased feed wastage, reduced selective 

feeding, decreased ingredient segregation, less time and energy expended for pretension , 

destruction of pathogenic organisms, thermal modification of starch and protein, improved 

palatability (Garcia-Maraver, 2015). However, feeding pelleted rations is not enough to ensure 

enhanced performance of poultry because broiler performance may rely on pellet quality (Lilly et 

al., 2011). The quality of pellets must also be taken into account during processing (Briggs et al., 

1999).  

 

In addition to heating and pelleting, the nutritive value of RFSB can be improved by 

supplementing with microbial feed enzymes, such as phytase and protease, which have been 

developed and are used primarily to improve digestibility of nutrients or to reduce the ANF 

(Bedford, 2000; Erdaw et al., 2016a; Erdaw, 2016b). Broiler diets are commonly supplemented 

with exogenous enzymes in order to increase nutrient digestibility, decrease digesta viscosity, 

decrease diet cost and decrease nutrient excretion (Bedford, 2000; Erdaw, 2016b). Commercial 

SBM could be replaced with RFSB up to 25% in broiler diets if the diets are supplemented with 

appropriate microbial protease and phase (Erdaw et al., 2017b). 
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3. MATERIALS AND METHODS 

 

3.1. Description of the study area 

 

The study was conducted at Debrezeit Agricultural Research Center (DZARC) which is found in 

Bishoftu town. Bishoftu is located in Oromia Regional State, East Shewa Zone at a distance of 

47 km from Addis Ababa, Ethiopia.  

 

3.2. Study Animals and Husbandry Practices 

 

For this study, a total of 408 one day-old Cobb 500, unsexed broiler chicks, with average initial 

weight of 46.43±0.58 g, were purchased from commercial hatchery farm, named as ELERA 

PLC. All birds were raised uniformly in 24 floor-pens with teff straw was the bedding material. 

Infrared bulb with 250 watts was used in each pen to generate electric heat. Brooding guards 

were also used in every pen. Temperature of these pens was managed by controlling the height 

of the li`ght bulb. The space within the guards of the pens were 1.25m by 1m sufficient enough 

that allows the chicks to adjust themselves with that of an intensity of heat, which supposed to be 

generated by bulb (s). Feed was provided ad libitum and the birds were free access to water. HB1 

vaccination was given to birds via eye drop as per the recommendation on day 3. Then on days 7 

and 14 Gumboro was administered as eye drop. Lassota was also given to them on the 18
th 

days. 

The drinkers were washed on daily basis with clean water. The leftover feed was removed after 

being measured and the new diets were also offered to the birds on daily basis. Bio-security 

measures were applied and not compromised on the health and welfare of animals involved. 

Birds were handled in accordance with standards Ethical Guidelines for the Use of Animals in 

Research (NENT, 2018). 

 

3.3. Experimental Design and Broiler Diet 

 

The raw soybean seed was purchased from a local supplier in Addis Ababa. The chemical 

composition of feed ingredients was analyzed at DZARC and Bless Agri Food Laboratory 

Services PLC before the execution of the experiment and the composition was illustrated in 

Table 3. Before mixing in diets, the raw soybean seeds were cleaned and then hammer-milled to 
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pass through a 2-mm sieve. Diets were formulated for starter, grower and finisher periods, that at 

least satisfying the birds minimum nutrient (major) requirements and these were 22 % CP vs 

3090, ME, kcal/kg, 21% CP vs 3095, ME, kcal/kg and 20% CP vs 3135, ME, kcal/kg, 

respectively. 

 

Table 3. Chemical composition of feed ingredients 

 

Feed ingredients DM (%) CF (%) 

 

CP (%) 

 

Ash (%) 

 

Calcium  

 

Bone and Meat 

Meal  

95.78 3.54 46.87 32.64 7.8  

Soybean Meal 91.89 6.45 43.37 6.22 0.201 

Raw soybean 92.36 15.73 33.04 5.11 - 

Maize  89.7 2.53 8.69 2.72 0.182 

 

This experiment had three phases, which included starter (0-14 d), grower (14-28d) and finisher 

(28-49) phases. Phase one was conducted, with a completely randomized design, supplementing 

with graded levels of RFSB (commercial soybean meal (SBM) was replaced by raw full-fat 

soybean (RFSB) at 0, 10 and 20%) in starter diets for broiler chicks. Each of the three treatment 

was replicated 8 times using 17 birds per replicate. Chicks were randomly distributed along the 

replicates and these birds were fed on mash form of the diets. Duration of feeding these starter 

diets lasted at 14 days. After 14 days, each of these three treatment was then allowed to split into 

two. Anyone of these split-out, from each of the three treatment was then pelleted and the other 

one from each was left as mash. Consequently, the next two (grower and finisher) phases of this 

experiment were found, with a total of six treatments and each of this was also replicated four 

times, with 17 birds each. A factorial arrangement, with a completely randomized design was 

used in both of these phases. This feeding trial was involving two forms of broiler diet (pelleted 

and non-pelleted), with that of supplementing graded levels of RFSB (commercial SBM was 

replaced by RFSB at 0, 10 and 20%). All diets were formulated based on international 

recommendation. The diet was pelleted at GUTS Agro Industry PLC. Feed composition of each 

phase described in Table 5. Every added feed to each pen was individually weighed. All birds 

were weighed as group from the start to the end of the experiment in regular one-week period. 
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Table 4.Treatment layout for starter, grower and finisher phases 

Levels of RFSB, % Phases of the experiment 

 

Starter phase  

After splitting and pelleting one diet 

 Grower phase Finisher phase  

0 T1 (Control) Non-pelleted T1  

Pelleted T2 

10 

 

T2 Non-pelleted T3 

Pelleted T4 

20 T3 Non-pelleted T5 

Pelleted T6 

 

Table 5. Ingredient composition of the experimental diets (g/kg) fed to starter (0-14d), 

grower (14-28d) and finisher (28-49d) phases of broiler 

 

Ingredients 

Starter 

___________________ 

Grower 

________________ 

Finisher 

_________________ 

T1 T2 T3 T1 T2 T3 T1 T2 T3 

Maize grains 580.5 590 582 608.5 614.5 617 629.5 629 631.5 

Raw soybean  0 30 60 0 30 60 0 30 60 

Food oil (un-saturated) 10 5 2.5 17.5 12.5 7.5 25 21.5 18 

Soybean meal 300 270 240 300 270 240 300 270 240 

Meat and bone meal 80 79.2 87.7 50 51.5 56 20 25 27.5 

Limestone 8 8 8 6 6 6 4 4 4 

Salt 3 3 3 3 3 3 3 3 3 

DL-Methionine 3 3 3 3 3 3 3 3 3 

L-Lysine 6 6 6 6 6 6 6 6 6 

Premix 5 5 5 5 5 5 5 5 5 

Dicalcium Phosphate 4 4 4 4 4 4 4 4 4 

Choline chloride  0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
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3.4. Data Collection 

 

The following data were collected, such as nutritional composition of feed ingredients, including 

RFSB, initial body weight of chickens, feed offered; feed leftover, live body weight of chickens. 

Mortality and reasons of the occurrence was recorded. 

 

3.4.1. Feed intake 

 

The measured amount of feed was offered ad libitum base throughout the experimental period. 

Feed refused from each pen was collected the next morning at 08:00 AM before the next daily 

offer was given. The feed offered and refused was recorded for each pen. The amount of feed 

consumed was determined as the difference between the feed offered and refused using the 

following formula.  

 

 

Feed intake(g/b) = 

Feed offered(g) –Feed refused(g) 

Number of birds present  

 

3.4.2. Body weight gain 

 

Broilers were weekly weighed always in a group during the experimental period. The chicks 

were weighed per replicate on the first day after being randomly assigned to respective pens by 

sensitive balance and the weight per chick was calculated as an average weight of chicks in the 

pen and recorded to form the initial body weight. Body weight gain per chicken for each pen was 

computed using the following formula 

 

 

Body weight gain(g) = 

Final body weight – initial body weight 

         Number of birds  

 

3.4.3. Feed conversion ratio  

 

The feed conversion ratio (FCR) was determined by dividing feed intake with body weight gain. 

 

 

Feed conversion ratio = 

Feed intake(g) 

Body weight gain(g) 
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3.4.4. Carcass, parts yield and visceral organs measurements  

 

At the end of the experiment two birds (one male and one female) per replicate were randomly 

selected. These birds were humanly slaughtered. After bleeding, birds were placed in a scalding 

tank. And then, the dressed weight (after legs, head, and feather removed) weighted. Then, the 

eviscerated weights were weighed after removal of the visceral organs. The carcass parts: breast, 

drumstick, thighs were cut up and weighed. The visceral organ weights (heart, liver, 

proventriculus and gizzard, duodenum and pancreas, small and large intestine) were weighed.  

 

Dressed carcass weight: This was measured after the removal of blood, legs, head and feather 

and the dressing percentage calculated as the proportion of dressed carcass weight to slaughter 

weight multiplied by 100.  

 

Eviscerated carcass weight: This was determined after removing blood, feather, lower leg, head 

and visceral organs. The eviscerated carcass percentage was determined as the proportion of the 

eviscerated weight to slaughter weight multiplied by 100. 

 

3.5. Statistical analysis 

 

All the collected data were arranged on Microsoft Excel 2010 before the actual data analysis was 

conducted. Descriptive statistics and One-way ANNOVA were used to test the values of 

parameters, such as FI, BW, BWG, and FCR on starter phase as shown in Model 1. General 

linear Model (GLM) was used to analyse the main effects of the treatments on BWG, FI, FCR, 

carcass yield, cut part and visceral organ as shown in Model 2; using SPSS (V. 20 IBM Corp, 

2011) software. The significant mean values, at p < 0.05, was separated by Duncan’s Multiple 

Range Test (Duncan, 1955).  
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ANNOVA Model 1:  (FI, BW, BWG and FCR)  

 

         Yij = μ + Ti+ eij 

 

 where: Yij = the observed j variable in the i
th

 treatment  

 μ = overall mean of the response variable  

 Ti = the effect due to the i
th

 RFSB Level (i = 0, 10, 20)  

 eij = random residual error 

 

ANNOVA Model 2: (FI, BW, BWG FCR, Carcass yield, cut part and visceral organ)  

 

Yijk = μ + Ri + Pj + Ri*Pj + eijk,  

where: Yijk = the observed k variable in the i
th

 RFSB level and j
th

 form of diet 

 μ = overall mean of the observed variable  

 Ri = effect due to i
th

 RFSB level (i = 0, 10 and 20)  

 Pj = effect due to j
th

 form of diet (j = Pelleted and Non-Pelleted)  

 Ri*Pj = effect due to the interaction between i
th

 RFSB level and j
th

 form of diet  

 eijk = random residual error 
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4. RESULTS  

 

4.1. Response of Broiler Fed Graded Level of RFSB at Starter Phase 

 

The result of the study on feed intake, body weight gain, feed conversion ratio and body weight 

of broiler chickens fed on diets, containing graded level of RFSB at starter phase is presented in 

Table 6. There was no significant difference (P>0.05) in the feed intake (FI) of birds during the 

starter phase. Similarly, there was no significant difference (P>0.05) in body weight gain 

(BWG). There was no significant difference (P>0.05) between group of birds in the feed 

conversion ratio (FCR). However, it was observed that as the level of RFSB increases from 0 to 

10 or 20%, the FCR efficiency was increased. This implies reduced feed efficiency.  

 

Table 6. Feed intake (g/b), body weight gain (g/b), feed conversion ratio and body weight 

(g) of broiler chickens between hatch and 14 days of age 

 

Feed form  RFSB
 
(%)

 
 Feed intake  BWG FCR

 
 Body weight 

1-14d 1-14d 1-14d  initial 14d 

 0 326.78 214.31 1.53 46.25 260.6 

Mash 10 333.99 213.23 1.57 46.25 259.62 

 20 330.47 205.30 1.61 46.75 251.93 

SEM   2.36 2.46 0.01 0.12 2.48 

P-value 0.479 0.279 0.054 0.141 0.306 

RFSB (%)
 
=Level of Raw full fat soybean (SBM was replaced by RFSB at 0, 10 and 20%, 

equivalent to 0, 30 and 60 g/kg of diet, respectively); SEM= pooled standard error of means; 

BWG= Body weight gain, FCR= Feed conversion ratio. 
 

 

4.2. Response of Broiler to Feed Form and Graded Levels of RFSB at Grower Phase 

 

The gross response of birds at grower phase fed on pelleted and non-pelleted diets, containing 0, 

10 and 20% RFSB supplementations is presented in Table 7. In grower phase, feed form and 

level of RFSB did not affect (P>0.05) the feed intake of birds. But, the interaction effect on FI of 

birds between feed form and level of RFSB was significant (P<0.05). 
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Body weight gain at grower phase was not affected (P>0.05) by level of RFSB. However, there 

was significant difference observed on BWG between bird fed on non-pelleted and pelleted diets. 

Significant difference (P<0.05) was observed in the interaction between the feed form and level 

of RFSB, bird consumed 20% pelleted gain more body weight than the birds consumed 20% 

non-pelleted. But, the birds that consumed non-pelleted diet with 0% RFSB supplementation 

gained more weight than the pelleted one. 

 

The FCR of growers was significantly different (P<0.05) between birds fed pelleted and non-

pelleted diets. The non-pelleted one was efficient than the pelleted. But, the FCR was not 

affected (P>0.05) by level of RFSB and the interaction effect.  

 

Body weight of birds at grower phase was not significantly affected (P>0.05) by level of RFSB. 

But, the interaction effect between feed form and level of RFSB was significant (P<0.05) on the 

body weight of birds. The birds that consumed non-pelleted had significant difference (P<0.05) 

of body weight compared with the bird feed the pelleted. Bird consumed 0% pelleted weigh less 

weight than the birds consumed 0% non-pelleted. 

 

4.3. Response of Broiler to Feed Form and Supplements of RFSB at Finisher Phase 

 

The gross response of finisher birds fed on pelleted and non-pelleted diets, containing 0, 10 and 

20% RFSB supplementation are presented in Table 8. In finisher phase, interaction effect 

between feed form and level of RFSB did not affect (P>0.05) the feed intake of birds. But, the 

feed intake was significantly (P<0.05) affected by feed form. The pelleted diet was consumed 

more than the non-pelleted feed.  

 

Body weight gain, FCR and final BW at finisher phase were not significantly affected (P>0.05) 

by both level of RFSB and feed form (P>0.05). Moreover, BWG, FCR and final BW were not 

affected (P>0.05) by the interaction effects between the feed form and level of RFSB. 
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Table 7. Feed intake (g/b), body weight gain (g/b), body weight (g) and feed conversion 

ratio of broiler chickens between hatch and 28 days of age 

 

Feed form  RFSB (%)
 
 Feed intake Body weight gain FCR

 
Body weights at 

1-28d 1-28d 1-28d 28d 

Pelleted 0 1121.34 566.73 2.0 612.88 

10 1207.74 655.98 1.84 702.04 

20 1259.53 712.642 1.77 759.14 

Non-pelleted  0 1280.88 758.34 1.76 804.78 

10 1249.95 737.11 1.85 783.82 

20 1184.03 683.44 1.73 730.19 

SEM  14. 6 6.47 0.02 6.52 

Main effects 

RFSB (%) 0 1201.11 662.53 1.88 708.82 

10 1228.84 696.54 1.85 742.93 

20 1221.78 698.04 1.75 744.67 

Feed form      

Pelleted 1196.2 645.12
b
 1.87

b
 691.35

b
 

Non pelleted 1238.29 726.3
a
 1.78

a
 772.93

a
 

Source of variation: P-value 

RFSB (%) 0.727 0.064 0.055 0.064  

Feed form 0.167 0.000 0.046 0.000 

RFSB X Feed form 0.015 0.000 0.056 0.000 

 

RFSB (%)
 
=Level of Raw full-fat soybean (SBM was replaced by RFSBM at 0, 10 and 20%, 

equivalent to 0, 30 and 60 g/kg of diet, respectively); SEM= pooled standard error of means; 

FCR=Feed conversion ratio. 
ab

 = indicate that column with different superscript are 

significantly different at p<0.05. Whilst computing the final BW and BWG, 16-17 unsexed birds 

were considered per replicate. 
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Table 8. Feed intake (g/b), body weight gain (g/b), body weight (g) and feed conversion 

ratio of broiler chickens between hatch and 49 days of age 

 

Feed form  RFSB (%)
 
  Feed intake Body weight gain FCR

 
Body weights at 

1-49d 1-49d 1-49d 49d 

Pelleted 0 4745.27 2186.64 2.19 2232.77 

10 4711.75 2402.53 1.96 2448.59 

20 4595.32 2497.89 1.89 2544.39 

Non-pelleted  0 4551.85 2376.31 1.89 2422.75 

10 4454.5 2289.37 1.95 2336.1 

20 4515.39 2390.67 1.91 2437.42 

SEM  38.25 40.09 0.03 40.09 

Main effects 

RFSB (%) 0 4648.56 2281.48 2.04 2327.76 

10 4583.13 2345.96 1.95 2392.35 

20 4555.36 2444.28 1.90 2490.90 

Feed form       

Pelleted 4684.11
a
 2362.35 2.02 2408.58 

Non-pelleted 4507.25
b
 2352.12 1.92 2398.76 

Source of variation P-value 

RFSB (%) 0.602 0.274 0.142 0.272 

Feed form 0.033 0.900 0.086 0.904 

RFSB X Feed form 0.639 0.238 0.066 0.239 

 

RFSB (%)
 
=Level of Raw full-fat soybean (SBM was replaced by RFFSBM at 0, 10 and 20%, 

equivalent to 0, 30 and 60 g/kg of diet, respectively); SEM= pooled standard error of means; 

FCR =Feed conversion ratio. 
ab

 = indicate that column with different superscript are 

significantly different at p<0.05. Whilst computing the final BW and BWG, 16-17 unsexed birds 

were considered per replicate. 
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4.4. Effects of Feed Form and Supplement of RFSB on Carcass Characteristics  

 

The carcass characteristics of broilers, fed on pelleted and non-pelleted diets, containing graded 

levels of RFSB are presented in Table 9. According to the findings of the present study, there 

was no significant difference (P>0.05) on the slaughter, dressed, eviscerated weights and weights 

of carcass cuts (drumsticks, thighs and breasts) of birds fed on pelleted and non-pelleted diets, 

containing 0, 10 and 20% of RFSB. 

 

4.5. Effects of Feed Form and Supplement of RFSB on Visceral Organs Development 

 

Values of internal organ measurements of broiler fed pelleted and non-pelleted ration are 

presented in Table 10. According to the findings of the present study, there were no significant 

differences (P>0.05) found on the development of visceral organs, such as heart, liver, small and 

large intestine, gizzard and proventriculus, pancreases and duodenum of broiler fed on diets, 

containing graded levels ( 0, 10 and 20%) of RFSB. These organs were not either affected by 

pelleted or non-pelleted diets too.  

 

4.6. Mortality and Culling  

 

Only 4 birds were died and the other 10 birds were also purposely culled during entire 

experimental periods. , which was totally 3.4%. The 10 birds were culled due to severe leg 

weakness. Apart from the birds culled or found dead, no health problems were observed. 
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Table 9. Influence of diets, containing graded levels of raw full-fat soybean (RFSB) and feed forms on carcass yield and cut 

parts (g/bird) 
 

Feed form RFSB (%) BW/bird Dressed % Eviscerated % Drumstick  Thigh  Breast  

Pelleted 0 2192.50 86 70.25 213.50 238.50 498.00 

10 2214.50 88 73.75 207.50 289.25 490.25 

20 2271.25 88.3 75.25 214.00 271.75 504.00 

Non-pelleted  0 2070.25 91.5 74.75 202.25 253.50 473.75 

10 2160.00 87.3 74.25 200.50 254.00 490.50 

20 2038.00 89.3 75.25 204.25 248.00 467.00 

SEM  57.6 44.13 42.05 5.78 8.22 11.05 

Main effects 

RFSB level (%) 0 2131.38 88.75 72.5 207.88 246.0 485.88 

10 2187.25 87.63 74 204.0 271.63 490.38 

20 2154.63 88.75 75.25 209.13 259.88 485.5 

Feed form Pelleted  2226.08 87.42 73.08 211.67 266.5 497.42 

 Non-pelleted 2089.42 89.33 74.75 202.33 251.83 477.08 

Source of variation P-value 

RFSB (%) 0.924 0.971 0.730 0.932 0.460 0.980 

Feed form 0.251 0.325 0.384 0.430 0.384 0.370 

RFSB X Feed form 0.817 0.669 0.621 0.988 0.442 0.786 

RFSB (%)
 
= Level of Raw full-fat soybean (SBM was replaced by RFSB at 0, 10 and 20%, equivalent to 0, 30 and 60 g/kg of diet, 

respectively); SEM
 
= pooled standard error of means, BW = body weight. Two (one male and one female) per replicate and totally eight 

birds per a treatment were randomly selected and scarified in testing effects of test-diets on the carcass characteristics. 
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Table 10. Influence of diets, containing graded levels of raw full-fat soybean and feed-forms 

on development of internal organs (g/bird) 

 

Feed form RFSB (%)
 
  Heart Liver S+L G+P P+D 

Pelleted 0 11.50 52.75 66.50 88.25 25.00 

10 10.25 46.75 63.75 85.75 25.00 

20 11.50 52.75 63.25 83.50 24.50 

Non-pelleted  0 10.25 47.25 65.50 83.25 27.00 

10 10.50 45.50 62.25 76.25 25.25 

20 10.00 51.25 55.50 80.25 24.50 

SEM  0.299 1.494 2.228 2.018 0.650 

Main effect 

RFSB level 

(%) 

0 10.88 50.0 66.0 85.75 26.0 

10 10.38 46.13 63.0 81.0 25.13 

20 10.75 52.0 59.38 81.88 24.5 

Feed form        

Pelleted   11.08 50.75 64.5 85.83 24.83 

Non-pelleted  10.25 48.0 61.08 79.92 25.58 

Source of variation                               P-value 

RFSB (%) 0.779 0.289 0.492 0.601 0.646 

Feed form 0.180 0.370 0.453 0.160 0.571 

RFSB X Feed form 0.449 0.811 0.791 0.810 0.794 

 

RFSB (%)
 
= Level of Raw full-fat soybean (SBM was replaced by RFSB at 0, 10 and 20%, 

equivalent to 0, 30 and 60 g/kg of diet, respectively); SEM= pooled standard error of means. 

G+P= Gizzard + Proventriculus, P+D= Pancrease + Duodenum, S+L= Small + Large 

Intestines. Two (one male and one female) per replicate and totally eight birds per a treatment 

were randomly selected and scarified in testing effects of test-diets on internal organ 

developments. Digesta content was not emptied from intestines, gizzard or duodenium. 
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5. DISCUSSIONS 

 

5.1.Gross Response of Broiler Chickens 

 

There was no significant difference in the FI, BWG, BW and FCR of birds fed diets, containing a 

leveled RFSB supplementation at the starter phase. In agreement with Erdaw et al. (2017a) who 

reported that broilers aged from day 1 to 10 that consumed up to 20% (60g/ kg) showed no 

significant difference in FI. In contrary to this, the same authors reported that, as level of RFSB 

increased from 0 to 75 g/kg, the BWG and feed efficiency reduced. In line with the finding of 

Rada et al. (2017) broilers fed raw full-fat soybean up to 4, 8 and 12 % equivalent of 40, 80 and 

120g/kg body weight were not significantly influenced up to 10 days of age. Though it was not 

statistically significant similar trends was observed in this current study, as the level of RFSB 

increases from 10 to 20% in diets, the feed efficiency was reduced and body weight gain was 

retarded. This is in agreement with Rada et al. (2017) and Erdaw et al., (2017a) who reported 

that broilers aged from day 0 to 10 consumed increased level of RFSB showed significant 

reduction in feed efficiency. The depressed performance observed for broiler chicks suggest that 

younger birds are more susceptible to the effects of trypsin inhibitors (Perez-Maldonado et al., 

2003). 

 

In grower phase, FI, BWG, FCR and BW were not affected by an increased level of RFSB in the 

diets. This is in contrary to Rada et al. (2017) who reported that as RFSB increases to 12% the 

body weight can be reduced. In agreement with Erdaw et al. (2017a) increasing the level of 

RFSB in the current diets did not affect FI, BWG and FCR, during 1 to 28 d of age. Similar 

findings were also reported by Al-Sardary (2010) and Rada et al. (2017). However, the feed form 

significantly influenced the BWG, BW and FCR of this study that was birds fed on non-pelleted 

diets were superior than those on pelleted ones. In most cases the birds that fed on pelleted diet 

gained superior body weight and improved feed efficiency (Dozier et al., 2010). But, the 

variation in this finding might be happened due to a non-gradual shifting of birds from mash- 

form of diets to pelleted-ones which might contributed for the reduced FI. In addition, it might be 

due to the poor quality of the pelleted diets (Dozier et al., 2010; Lilly et al., 2011; Ahmed and 

Abbas, 2013; Erdaw et al., 2017d) .This is supported by Sibanda and Ruhnke (2017) who 
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reported that the nutritional quality of pellets can be significantly influenced by the duration and 

temperature of heat exposure. Abdollahi et al. (2013) also reported that due to the heat, moisture 

and mechanical pressure applied during conditioning and pelleting, some chemical and physical 

alterations occur that may have beneficial or detrimental effects on feed components, 

gastrointestinal development and subsequent bird performance. Similarly, under-processing or 

over-heating had an effect on broiler performances (Perez-Maldonado et al., 2003).  

 

The FI, BWG and BW were influenced, in grower stage by the interaction effects between the 

feed form and level of RFSB supplementation. But, this is in disagreement with the reports of 

Erdaw et al. (2017d) that there was no interaction effect between RFSB and pelleting methods on 

the FI, BWG, or FCR of birds to 14 days of age. Birds consumed diets, containing 20% RFSB in 

the form of the pelleted had higher feed intake and gained more weight than those on non-

pelleted diets. Under-processing will be associated with incomplete inactivation of anti-

nutritional factors, insufficient starch gelatinisation and inadequate protein denaturation, whilst 

over-processing can result in the formation of Maillard reaction products, and inactivation of 

supplemental enzymes and vitamins (Abdollahi et al., 2013). 

 

The FI at finisher stage was influenced by fed form. Birds that fed the pelleted diet consumed 

more than those on the non-pelleted. This result might be supported by Lilly et al. (2011) and 

Chehraghi et al. (2013) who reported that the highest FI was observed in birds fed on pelleted 

diets and the lowest FI was observed in crumble and mash group. Improved feed efficiency and 

better performance can often be observed when feeding processed diets compared to the mash 

form (Sibanda and Ruhnke, 2017). As reported by Abdollahi et al. (2013) pelleted diets to 

enhance the economics of production by increasing the FI, and thus growth performance and 

feed efficiency. In line with this, Erdaw et al. (2017d) reported that birds consumed more 

amounts of non-steam-pelleted feed and also gained more weight than birds fed on steam-

pelleted ones of the same diets. However, BWG, FCR and BW at finisher phase were not 

significantly affected by level of RFSB supplementations and feed form. In agreement with this, 

scholars (Al-Sardary, 2010; Ahmed and Abbas, 2013; Erdaw et al., 2017a; Erdaw et al., 2017d) 

similarly reported on effects of feed forms. In agreement with the current finding Rada et al. 

(2017) reported that RFSB up to 8 % (80g/kg) could be used in the broiler diets without having a 
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significantly negative effect on the growth rate and FCR. Similarly Erdaw et al. (2018) suggested 

that commercial SBM could be replaced by RFSB up to 25 % (75 g/kg) in broiler diets with 

microbial protease and phytase supplementation. Study showed that growth rate and FCR were 

negatively influenced when 12 % (120g/kg) of RFSB were included in the diet (Rada et al., 

2017). 

 

5.2. Carcass Characteristics and Visceral Organs Development  

 

There was no significant difference on the slaughter, dressed, eviscerated weights and weight of 

carcass cuts, including drumstick, thighs and breasts of birds fed on pelleted and non-pelleted 

diets, containing 0, 10 and 20% RFSB supplementation. In agreement with Al-Sardary (2010) 

who reported that broilers fed up to 20 % (200g/kg) RFSB supplementation had no significant 

difference observed in live body weight, thigh and breasts. Similarly, Erdaw et al. (2017a) 

reported that up to 20% RFSB supplementation had no significant difference on dressed 

percentage, drumstick, thighs and breasts. Rocha et al. (2014) reported also that up to 15% RFFS 

(equivalent of 150g/kg diet) supplementation did not affect the live weight of birds. 

 

There was no significant difference on the development of visceral organs such as heart, liver, 

small and large intestine, gizzard and proventriculus, pancreases and duodenum of broilers fed 

on pelleted or non-pelleted diets, containing graded levels of RFSB supplementation. There were 

no significant differences on weights of heart, gizzard and liver was observed on broilers fed on 

pelleted or mash diets (Ahmed and Abbas, 2013). Though not statistically significant, broilers 

fed on non-pelleted diets with RFSB showed heavier weights of pancreases and duodenum than 

those on the pelleted ones. In agreement with this finding, Rocha et al. (2014) reported also that 

broilers fed on diets, containing up to 15% (equivalent of 150 g/kg) RFSB had heavier pancreas 

weight at 21 d of age. Similarly, (Erdaw et al. 2017b; Erdaw et al 2017d) reported that by 

increasing the levels of RFSB supplementations, in diets, it increased the weights of the pancreas 

at d 10, d 24, and d 35. Rada et al. (2017) also confirmed that broiler fed 4, 8 and 12% RFSB 

showed heavier pancreases weight.  
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6. CONCLUSION AND RECOMMENDATIONS 

 

6.1. Conclusion 

 

It could be concluded that broiler chickens fed on diets, containing 0, 10 and 20% RFSB 

supplementation had no effects on FI, BWG, BW, FCR, during the starter phase. Similarly, in 

grower phase, level of RFSB supplementation had no effect on FI, BW, BWG and FCR. 

However, the BWG and FI were affected by the interaction effects of feed form and by a graded 

level of RFSB supplementations on diets, at grower phase. The birds that consumed diet 

containing 20% RFSB in the form of the pelleted had higher FI and BWG than the non-pelleted 

ones. The FCR was also significantly different between birds fed pelleted and non-pelleted 

ration. The FI, at finisher phase was influenced by fed form. However, BWG, BW, FCR were 

not significantly affected by level RFSB and feed form. The dressed, eviscerated, carcass-cuts 

and weights of visceral organ developments were not affected by inclusion of a levelled RFSB as 

well as the diet forms. In general, it is possible to replace the commercial SBM by locally 

produced RFSB, up to 20% without need of pelleting the diet. 

 

6.2. Recommendations 

 

  Based on the result of the present study it can be recommended that commercial SBM can be 

replaced, up to 20% by locally produced RFSB, which is relatively cheaper. 

 It is recommended that locally produced RFSB (≤20%) can be used in broiler diets, without 

pelleting. 

 

 

 

 

 

 

 



33 
 

7. REFERENCES  

 

Abadi, T. (2017). Factors Affecting Adoption of Exotic Poultry Breeds in Smallholder Producers 

in North Western Zone of Tigray, Ethiopia. PhD Dissertation submitted to Haramaya 

University. 94p. 

Abdollahi, M. R., Ravindran, V., and Svihus, B. (2013). Pelleting of broiler diets: An overview 

with emphasis on pellet quality and nutritional value. Animal Feed Science and 

Technology, 179(1-4): 1-23. 

Abdollahi, M.R., Ravindran, V., Wester, T.J., Ravindran, G., and Thomas, D.V. (2011). 

Influence of feed form and conditioning temperature on performance, apparent 

metabolizeable energy and ileal digestibility of starch and nitrogen in broiler starters fed 

wheat-based diet. Animal Feed Science and Technology, 168: 88-99. 

Abebe, Y., Amane, A., and G/Selassie, Y. (2015). Poultry Production Manual. BDU-CASCAPE 

Working Paper, 14, 51. 

Abera, B., and Geta, T. (2014). Study on Challenges and Opportunities of Village Chicken 

Production in Haramaya District, Eastern Ethiopia. International Journal of Scientific 

and Research, 4(12): 1-6. 

Ahmed, M. E., and Abbas, T. E. (2013). The effect of feeding pellets versus mash on 

performance and carcass characteristics of broiler chicks. Bulletin of Environment, 

Pharmacology and Life Sciences, 2(2): 31-34. 

Alemneh, T., and Getabalew, M. (2019). Exotic chicken production performance, status and 

challenges in Ethiopia. International Journal of Veterinary Science and Research, 5(2): 

039-045.  

 



34 
 

Ali, A., Azim, A., Zehid, S., Rasool, Z., and Rehman, K. U. (1993). Comparative performance of 

boiler chicks on commercial and corn-soybean meal based rations. Asian-Australasian 

Journal of Animal Sciences, 6(1): 115-122. 

Al-Sardary, S. Y. (2010). Performance of broiler chickens fed locally grown full-fat soybean 

based diets in Iraq. Iraqi Poultry Sciences Journal, 5(1): 111-125. 

American Soybean Association (ASA). (2004). Whole soybeans in diets for poultry. Available 

online: http://www.thepoultrysite.com/articles/194/whole-soybeans-in-diets-for-poultry. 

Ao, T. (2011). Using exogenous enzymes to increase the nutritional value of soybean meal in 

poultry diet. Soybean and nutrition. InTech, Rijeka, Croatia, 201-214. 

Assefa, H., Melesse, A., and Taye, M. (2019). Characterization of indigenous chicken 

production system in Sheka Zone, South Western Ethiopia. International Journal for 

Research in Agricultural and Food Science, 5(2): 1-16. 

Aviagen, 2019. ROSS Broiler: Nutritional Specification  

Banaszkiewicz, T. (2011). Nutritional value of soybean meal. Soybean and Nutrition, 1-20. 

Bedford, M. R. (2000). Exogenous enzymes in monogastric nutrition their current value and 

future benefits. Animal Feed Science and Technology, 86(1-2): 1-13. 

Bediye, S., Nemi, G., and Makkar, H. (2018). Ethiopian feed industry: current status, 

opportunity and challenges. Broadening Horizons 50. 

Birhanu, A. F. (2019). A Review on Ethiopian Meat production trends, consumption and meat 

quality parameters. International Journal of Food Science and Agriculture, 3(3): 267–

274.  

Briggs, J. L., Maier, D. E., Watkins, B. A., and Behnke, K. C. (1999). Effect of ingredients and 

processing parameters on pellet quality. Poultry Science, 78(10): 1464–1471.  

http://www.thepoultrysite.com/articles/194/whole-soybeans-in-diets-for-poultry


35 
 

Buttle, L. G., Burrells, A. C., Good, J. E., Williams, P. D., Southgate, P. J., and Burrells, C. 

(2001). The binding of soybean agglutinin (SBA) to the intestinal epithelium of Atlantic 

salmon, Salmo salar and Rainbow trout, Oncorhynchus mykiss, fed high levels of 

soybean meal. Veterinary Immunology and Immunopathology, 80(3-4): 237-244. 

Chehraghi, M., Zakeri, A., and Taghinejad-Roudbaneh, M. (2013). Effects of different feed 

forms on performance in broiler chickens. European Journal of Experimental Biology, 

3(4): 66-70. 

Classen, H. L., Herwig, E., Karunaratne, N., Bryan, D. D. L. S., and Savary, R. K. (2017). 

Factors affecting broiler volunteer feed intake in practice. In Proceedings of the 21st 

European Symposium of Poultry Nutrition, Salou/Vila-Seca, Tarragona, Spain, 36-40. 

Cromwell, G. L. (2012). Soybean meal. An exceptional protein source. 15p.  

Cromwell, G. L. (2017). Soybean Meal An Exceptional Protein Source. Available on 

https://www.soymeal.org/soy-meal-articles/soybean-meal-an-exceptional-protein-

source/. Retrieved on May 7, 2020. 

CSA (Central Statistic Authority). (2018). Agricultural Sample Survey. Report on Livestock and 

Livestock Characteristics (Private Peasant Holdings). Federal Democratic Republic of 

Ethiopia, II(Statistical Bulletin 587), 104. 

Dana, N., Duguma, R., Teklewold, H., and Aliye, S. (2006). Transforming village poultry 

systems into small agro-business ventures: a partnership model for the transfer of 

livestock technologies in Ethiopia. Livestock Research for Rural Development, 18(169): 

Available on: http://www.lrrd.org/lrrd18/12/dana18169.htm. Retrieved on April 21, 

2020. 

 

http://www.lrrd.org/lrrd18/12/dana18169.htm


36 
 

Danielson, D. M., Thrasher, G. W., and Dudley-Cash, W. A. (1988). Pig Performance When 

Fed Diets Supplemented with Soybean Meal, Roasted Soybeans or Extruded Soybeans 

in Pellet or Meal Form. The Professional Animal Scientist, 4(3): 4-8. 

Dei, H. K. (2011). Soybean as a feed ingredient for livestock and poultry. In: D. Krezhova (Ed.), 

Recent trends for enhancing the diversity and quality of soybean products, IntechOpen. 

215-226.  

Desissa, H. (2019). Soybean Research and Development in Ethiopia. Acta Scientific Agriculture, 

3 (10): 192–194.  

Dozier, W. A, Behnke, K. C., Gehring, C. K., and Branton, S. L. (2010). Effects of feed form on 

growth performance and processing yields of broiler chickens during a 42-day 

production period. Journal of Applied Poultry Research, 19(3): 219-226. 

Duncan, D. (1955). Multiple Range and Multiple F Tests. Biometrics, 11(1): 1-42.  

Edmew, W., Melesse, A., Beyan, M., and Taye, M. (2018). Assessing the Performance, Egg 

Quality, and Carcass Characteristics of Indigenous Chickens Reared Under Traditional 

Management System. International Journal of Research Studies in Agricultural 

Sciences, 4 (10): 27-35. 

Egorov, I., Manukyan, V., Lenkova, T., Egorova, T., and Nikonov, I. (2019). Use of full-fat soy 

flour in compound feeds for meat chickens of the initial lines and broiler chickens. 

International Transaction Journal of Engineering, Management, & Applied Sciences & 

Technologies, 11(6): 1-8. 

Embaye, T. N., Ameha, N., and Yusuf, Y. (2018). Effect of cowpea (Vigna unguiculata) grain 

on growth performance of Cobb 500 broiler chickens. International Journal of Livestock 

Production, 9(12): 326-333. 



37 
 

Erdaw, M. M., Bhuiyan, M. M., and Iji, P. A. (2016a). Enhancing the nutritional value of 

soybeans for poultry through supplementation with new-generation feed enzymes. 

World's Poultry Science Journal, 72 (2): 307-322. 

Erdaw, M. M. (2016b). Maximizing the nutritional value of unprocessed soybean meal through 

supplementation with complex microbial enzyme products. PhD Dissertation submitted 

to the University of New England, Australia. 185p. 

Erdaw, M. M., Perez-Maldonado, R. A., Bhuiyan, M., and Iji, P. A. (2017a). Partial replacement 

of commercial soybean meal with raw, full-fat soybean meal supplemented with varying 

levels of protease in diets of broiler chickens. South African Journal of Animal Science, 

47 (1): 61-71. 

Erdaw, M. M., Wu, S., and Iji, P. A. (2017b). Growth and physiological responses of broiler 

chickens to diets containing raw, full-fat soybean and supplemented with a high-impact 

microbial protease. Asian-Australasian journal of animal sciences, 30 (9): 1303-1313. 

Erdaw, M. M., Perez-Maldonado, R. A., and Iji, P. A. (2017c). Apparent and standardized ileal 

nutrient digestibility of broiler diets containing varying levels of raw full-fat soybean and 

microbial protease. Journal of animal science and technology, 59 (23): 1-11. 

Erdaw, M. M., Bhuiyan, M. M., and Iji, P. A. (2017d). Response of broiler chicks to non-steam-

or steam-pelleted diets containing raw, full-fat soybean meal. Journal of Applied Poultry 

Research, 26(2): 260-272. 

Erdaw, M. M., and Beyene, W. T. (2018). Anti-nutrients reduce poultry productivity: influence 

of trypsin inhibitors on pancreas. Asian Journal of Poultry Science, 12: 14-24. 

Erdaw, M. M., Perez‐Maldonado, R. A., and Iji, P. A. (20  ). Physiological and health‐related 

response of broiler chickens fed diets containing raw, full‐fat soya bean meal 



38 
 

supplemented with microbial protease. Journal of animal physiology and animal 

nutrition, 102(2): 533-544. 

FAO. (2018). Ethiopia: Report on feed inventory and feed balance, Rome, Italy. 160 pp. 

Licence: CC BY-NC-SA 3.0 IGO 

FAO. (2019). Poultry Sector Ethiopia. FAO Animal Production and Health Livestock Country 

Reviews. No. 11. Rome 

Ferket, P. R., and Gernat, A. G. (2006). Factors that affect feed intake of meat birds: A review. 

International Journal of Poultry Science, 5(10): 905-911. 

Garcia-Maraver, A., Rodriguez, M. L., Serrano-Bernardo, F., Diaz, L. F., and Zamorano, M. 

(2015). Factors affecting the quality of pellets made from residual biomass of olive trees. 

Fuel Processing Technology, 129: 1-7. 

García-Rebollar, P., Cámara, L., Lázaro, R. P., Dapoza, C., Pérez-Maldonado, R., and Mateos, 

G. G. (2016). Influence of the origin of the beans on the chemical composition and 

nutritive value of commercial soybean meals. Animal Feed Science and Technology, 

221: 245-261.  

Gietema, B. (2005). The basics of chicken farming (in the tropics). First edition Agromisa 

Foundation, Wageningen, Netherlands. 

Grieshop, C. M., and Fahey, G. C. (2001). Comparison of quality characteristics of soybeans 

from Brazil, China, and the United States. Journal of agricultural and food chemistry, 

49(5): 2669-2673. 

Hailemariam, A., Amaha, N., and Dawa, E. (2017).  A review on current characteristics of 

chicken production system dynamics and bio-security implications in Ethiopia. Journal 

of Advances in Life Science and Technology, 55: 1-6. 



39 
 

Hamilton, R. M., and Mcniven, M. A. (2000). Replacement of soybean meal with roasted full-

fat soybeans from high-protein or conventional cultivars in diets for broiler chickens. 

Canadian Journal of Animal Science, 80(3): 483-488. 

Heuzé, V., Tran, G., and Kaushik, S. (2020). Soybean meal. Feedipedia, a programme by INRA, 

CIRAD, AFZ and FAO. Available On: https://feedipedia.org/node/674. Retrived on May 

5, 2020 

Jafarnejad, S., Farkhoy, M., Sadegh, M., and Bahonar, A. R. (2010). Effect of crumble-pellet 

and mash diets with different levels of dietary protein and energy on the performance of 

broilers at the end of the third week. Veterinary Medicine International, 2010: 1-5. 

Johnson, L., and Smith, K., 2018. Fact sheet: Soybean processing. The Soybean Meal 

Information Center. Pp 1-7.  

Karr-Lilienthal, L. K., Grieshop, C. M., Merchen, N. R., Mahan, D. C., and Fahey, G. C. (2004). 

Chemical composition and protein quality comparisons of soybeans and soybean meals 

from five leading soybean-producing countries. Journal of Agricultural and Food 

Chemistry, 52(20): 6193-6199. 

Kumar, R. (1992). Anti-nutritional factors, the potential risks of toxicity and methods to 

alleviate them. Legume trees and other fodder trees as protein source for livestock. FAO 

Animal Production and Health Paper, 102: 145-160. 

Leeson, S., and Atteh, J. O. (1996). Response of broiler chicks to dietary full-fat soybeans 

extruded at different temperatures prior to or after grinding. Animal feed science and 

technology, 57(3): 239-245. 

https://www.feedipedia.org/user/3
https://www.feedipedia.org/user/4
https://feedipedia.org/node/674.%20Retrived%20on%20May%205,%202020
https://feedipedia.org/node/674.%20Retrived%20on%20May%205,%202020


40 
 

Lilly, K. G. S., Gehring, C. K., Beaman, K. R., Turk, P. J., Sperow, M., and Moritz, J. S. (2011). 

Examining the relationships between pellet quality, broiler performance, and bird sex. 

Journal of Applied Poultry Research, 20(2): 231-239. 

Liu, K. (1997). Chemistry and nutritional value of soybean components. In Soybeans. 25-113. 

Springer, Boston, MA. 

Ljøkjel, K., Harstad, O. M., and Skrede, A. (2000). Effect of heat treatment of soybean meal and 

fish meal on amino acid digestibility in milk and dairy cows. Animal feed science and 

technology, 84(1-2): 83-95. 

Lokuruka, M. N. (2011). Effects of processing on soybean nutrients and potential impact on 

consumer health: an overview. African Journal of Food, Agriculture, Nutrition and 

Development, 11(4). 

MacIsaac, J.L.; Burgoyne, K.L., Anderson, D.M., and Rathgeber, B.R. (2005). Roasted full- fat 

soybeans in starter, grower, and finisher diets for female broiler turkeys. Journal of 

applied poultry research, 14(1):116-121. 

Mengesha, M. E. (2012). Feed resources and chicken production in Ethiopia. World's Poultry 

Science Journal, 68(3): 491-502. 

Messina, M. J. (1999). Legumes and soybeans: overview of their nutritional profiles and health 

effects. The American journal of clinical nutrition, 70(3): 439s-450. 

Mikic, A., Perić, V., Đorđević, V., Srebrić, M., and Mihailović, V. (200 ). Anti-nutritional 

factors in some grain legumes. Biotechnology in Animal Husbandry, 25(5-6-2): 1181-

1188. 

Milczarek, A., and Osek, M. (2019). Effectiveness evaluation of use of various protein feeds for 

broiler chicken feeding. Annals of Animal Science, 19(4):1063-1081. 



41 
 

Mirghelenj, S. A., Golian, A., Kermanshahi, H., and Raji, A. R. (2013). Nutritional value of wet 

extruded full-fat soybean and its effects on broiler chicken performance. Journal of 

Applied Poultry Research, 22(3): 410-422. 

Modika, K. Y. (2011). Evaluation and standardisation of laboratory methods used for 

determining the degree of soya processing. MSc. Thesis submitted to the University of 

Pretoria, South Africa. 53p. 

Moges, T., Mellesse, A., and Dessie, T. (2010). Assessment of village chicken production 

system and evaluation of the productive and reproductive performance of local chicken 

ecotype in Bure district, North West Ethiopia. African Journal of Agricultural Research, 

5 (13): 1739-1748 

Mukherjee, R., Chakraborty, R., and Dutta, A. (2016). Role of fermentation in improving 

nutritional quality of soybean meal a review. Asian-Australasian journal of animal 

sciences, 29(11): 1523. 

Nahashon, S. N., and Kilonzo-Nthenge, A. K. (2011). Advances in Soybean and Soybean by-

products in monogastric nutrition and health. Soybean and nutrition, 125-156. 

NAMC (National Agricultural and Marketing Council, (2011). The South African Soybean 

Value Chain by the Markets and Economic Research Centre of the NAMC: available 

online at: www.namc.co.za   

NENT (The Norwegian National Committee for Research Ethics in Science and Technology), 

(2018). Ethical Guidelines for the Use of Animals in Research.  

Nigatu, M., and Bezabih, M. (2014). Assessment of chicken production under farmers 

management condition in East Gojam Zone, Amhara Regional State, Ethiopia. Greener 

Journal of Animal Breeding and Genetics, 1(1): 001-010.  

http://www.namc.co.za/


42 
 

Oil World, 2015. Oil World Annual 2015. ISTA Mielke GmbH, Hamburg 

Park, Y. H., Kim, H. K., Kim, H. S., Lee, H. S., Shin, I. S., and Whang, K. Y. (2002). Effects of 

three different soybean meal sources on layer and broiler performance. Asian-

australasian journal of animal sciences, 15(2): 254-265. 

Patel, P. S., Alagundagi, S. C., and Salakinkop, S. R. (2013). The anti-nutritional factors in 

forages-A review. Current Biotica, 6(4): 516-526. 

Paulding, S. Y., Pesti, G. M., and Miller, B. R. (1986). Economics of substitution and the use of 

full-fat soybeans in broiler diets. Poultry Science, 65(2): 262-269. 

Peisker, M. (2001). Manufacturing of soy protein concentrate for animal nutrition. Cahiers 

Options Mediterraneennes, 54, 103-107. 

Perez-Maldonado, R. A., Mannion, P. F., and Farrell, D. J. (2003). Effects of heat treatment on 

the nutritional value of raw soybean selected for low trypsin inhibitor activity. British 

poultry science, 44(2): 299-308. 

Rada, V., Lichovnikova, M., and Safarik, I. (2017). The effect of soybean meal replacement 

with raw full-fat soybean in diets for broiler chickens. Journal of Applied Animal 

Research, 45(1): 112-117. 

Ravindran, V. (2013). Poultry feed availability and nutrition in developing countries. In: Poultry 

development review. Pp 60-63. 

Ravindran, V., Abdollahi, M., and Bootwalla, S. (2014a). Nutrient analysis, apparent 

metabolisable energy and ileal amino acid digestibility of full fat soybean for broilers. 

Animal Feed Science and Technology, 197: 233-240. 

https://www.feedipedia.org/node/22244


43 
 

Ravindran, V., Abdollahi, M. R., and  Bootwalla, S. M. (2014b). Nutrient analysis, 

metabolizable energy, and digestible amino acids of soybean meals of different origins 

for broilers. Poultry science, 93(10): 2567-2577. 

Rocha, C., Durau, J. F., Barrilli, L. N. E., Dahlke, F., and Maiorka, P. (2014). The effect of raw 

and roasted soybeans on intestinal health, diet digestibility, and pancreas weight of 

broilers. Journal of Applied Poultry Research, 23(1): 71-79. 

Rohaeni, E. S. (2019). The effects of the protein level from soybean meal and poultry meat meal 

on the growth of broiler chickens. Livestock Research for Rural Development, 27(84): 

Available on: http://www.lrrd.org/lrrd27/5/roha27084.html Retrieved on June 10, 2020.  

Rostagno, H., Paez, L., and Albino, L. (2007). Nutrient requirements of broilers for optimum 

growth and lean mass. Pp 91-98. Assoc. France XVI European. Symposium. Poultry 

Nutrition Strasbourg, France.  

Sakkas, P., Royer, E., Smith, S., Oikeh, I., and Kyriazakis, I. (2019). Combining alternative 

processing methods for European soybeans to be used in broiler diets. Animal feed 

science and technology, 253: 45-55. 

Scott, T. A. (2005). Variation in feed intake of broiler chickens. Recent Advances in Animal 

Nutrition in Australia, 15: 237-244. 

Senkoylu, N., Samli, H. E., Akyurek, H., Agma, A., and Yasar, S. (2005). Use of high levels of 

full-fat soybeans in laying hen diets. Journal of applied poultry research, 14(1): 32-37. 

Serrano, M. P., Valencia, D. G., Méndez, J., and Mateos, G. G. (2012). Influence of feed form 

and source of soybean meal of the diet on growth performance of broilers from 1 to 42 

days of age. 1. Floor pen study. Poultry Science, 91(11): 2838-2844. 



44 
 

Shapiro, B. I., Gebru, G., Desta, S., Negassa, A., Nigussie, K., Aboset, G., and Mechal, H. 

(2015). Ethiopia livestock master plan. ILRI Project Report. International Livestock 

Research Institute (ILRI), Nairobi, Kenya. 

Sharma, S., Kaur, M., Goyal, R., and Gill, B. S. (2014). Physical characteristics and nutritional 

composition of some new soybean (Glycine max (L.) Merrill) genotypes. Journal of food 

science and technology, 51(3): 551-557. 

Sibanda, T. Z., and Ruhnke, I. (2017). The impact of feed treatment on the performance of 

broilers: A review. Lohmann Information. 51(2): 18-29. 

Sopov, M., and Sertse, Y. (2015). Investment opportunities in the Ethiopian. Soy sub-sector, 

Business Opportunities Report Soy, 9: 1-32. 

Stein, H. H., Berger, L. L., Drackley, J. K., Fahey Jr, G. C., Hernot, D. C., and Parsons, C. M. 

(2008). Nutritional properties and feeding values of soybeans and their coproducts. In 

Soybeans 613-660. AOCS Press. 

Tadele, A., Gebremichael, A and Gemechu, T. (2020). Impact of Hybrid/Exotic Chicken Breed 

Distribution on Performances of Indigenous Chicken in South Western Ethiopia. Asian 

Journal of Poultry Science, 14 (1): 6-16. 

Tadele, A., Melesse, A and Taye, M. (2018). Phenotypic and morphological characterizations of 

Indigenous chicken populations in Kaffa Zone, South Western Ethiopia. Animal 

Husbandry, Dairy and Veterinary Science, 2 (1): 1-9. 

Tadesse, A. (2015). Production and Reproduction Performance of Backyard Poultry In Central 

Zone of Tigray, Ethiopia. Journal of Natural Sciences Research 5(13): 99-104. 

Teshome, T., Bekele, E., Million, B., Hagos, S., and Eshetie, T. (2019). Assessment of broiler 

production; processing and marketing practices in Ethiopia: identifying the root causes 



45 
 

for poultry products importation to Ethiopia and way forward. Approaches in Poultry, 

Dairy and Veterinary Sciences, 7(2):620-625. 

FAD PReP, 2013. (Foreign Animal Disease Preparedness and Response Plan). Poultry Industry 

Manual. National Animal Health Emergency Management System. United States 

Department of Agriculture, Animal and Plant Health Inspection Service. 174p. Available 

on:  http://www.aphis.usda.gov/animal_health/emergency_management/. 

Ugwuowo, L.C., Ezeano, C.I., Olabode, A.D., Anikwue, C .(2019). Performance and Cost 

Evaluation of Broilers Fed Diets Containing Soyabean Meal Replaced with Varying 

Levels of Moringa Oleifera Leaf Meal. Journal of Animal Research and Nutrition, 4: 1-

7.  

Van Eys, J. E., Offner, A., and Bach, A. (2004). Manual of quality analyses for soybean 

products in the feed industry. American Soyabean Association, USA. 

Vantress, C. (2013). Broiler Performance and Nutrition Supplement Cobb500. Cobb 

Vantres.Com,14.http://www.cobbvantress.com/docs/defaultsource/cobb500guides/cobb5

00-broiler performance-nutrition-supplement-(english).pdf 

Vantress, C. (2015). Broiler Performance and Nutrition Supplement Cobb 500. 2–13. hf 

Vantress,.(2018).BroilerManagementGuide.https://cobbstorage.blob.core.windows.net/guides/5f

c96620-0aba-11e9-9c88-c51e407c53ab 

Vasconcelos, I. M., Brasil, I. C. F., Oliveira, J. T. A., Campello, C. C., Maia, F. M. M., 

Campello, M. V. M., .and Carvalho, A. F. U. (2009). Combination of chemical analyses 

and animal feeding trials as reliable procedures to assess the safety of heat processed 

soybean seeds. Journal of agricultural and food chemistry, 57(11): 4668-4673. 

http://www.cobbvantress.com/docs/defaultsource/cobb500guides/Cobb500_Broiler_Performance_And_Nutrition_Supplement.pdf
https://cobbstorage.blob.core.windows.net/guides/5fc96620-0aba-11e9-9c88-c51e407c53ab
https://cobbstorage.blob.core.windows.net/guides/5fc96620-0aba-11e9-9c88-c51e407c53ab


46 
 

Waktole, H., Almaw,M., Tawey, D., Wakjira, B., Kiflom,M., Ashenafi, H., and Ayana, 

D.(2018). Opportunities and challenges of indigenous chicken in Asella district, Arsi 

zone, Oromia, Ethiopia: implications for designing improved productivity schemes. 

Journal of Bacteriology and Mycology: Open Access, 6(3): 229-235. 

Waldroup, P. W. (1982). Whole soybeans for poultry feeds. World's Poultry Science Journal, 

38(1): 28-35. 

Waldroup, P. W., and Smith, D. K. (2017). Soybean Use - Poultry. FACT SHEET. Soybean 

Meal Information Center, 1-8.  

Yacout, M. (2016). Anti-nutritional factors and its roles in animal nutrition. Journal of Dairy, 

Veterinary and Animal Research, 4(1): 00107. 

Yadessa, E., Tulu, D., Bogale, A., Mengistu, G., Aleme, M., Shiferawu, S., and Amare, A. 

(2017). Characterization of smallholder poultry production systems in Mezhenger, Sheka 

and Benchi-Maji Zones of south western Ethiopia. Academic Research Journal of 

Agricultural Science and Research, 5(1): 10-19. 

 

 

 

 

 

 

 

 

 

 

 

 



47 
 

8. APPENDICES 

 

Appendix A. Photos taken during the experimental periods 

 

 

Figure 1. House preparation and cleaning 

 

 

Figure 2. At the time of feed preparation 
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Figure 3. Form of feeds and routine farm activity during experiment 
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Figure 4. During chick arrival and time of rearing 
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Figure 5. Cobb 500 broiler Male(left) and Female(right) before slaughter 
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Figure 6. Dressed and carcass cut parts  
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Figure 7. Live body weight and carcass measurement  

 

 


