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Abstract 
 

One hundred and fifty 18-weeks old Bovans brown layers were used to evaluate the effect of replacement of soybean 

meal with brewery dried grain on feed intake, egg production performance and egg quality parameters. Layers were fed 

a ration containing brewery dried grain at a level of 0% (T1), 6.5% (T2), 13% (T3), 19.5% (T4) and 26% (T5) by 

replacing the soybean meal. The experiment was arranged in a completely randomized design containing five treatments 

replicated thrice each of which lasted for 12 weeks. Data on feed intake, egg weight, and egg number were recorded on 

daily basis. Internal and external egg qualities were determined at weekly intervals using three eggs per replication. The 

egg weight was similar (p>0.05) among treatments. The total egg number per hen decreased with increasing levels of 

brewery dried grain. The total egg mass was greater (p<0.05) for T1 but lower (p<0.05) for T3, T4 and T5 which had 

similar (p>0.05) values with each other. The highest (p<0.05) hen-housed egg production was for T1. The total feed 

intake decreased (p<0.05) with increasing levels of brewery dried grain. However, feed conversion ratio for T3, T4 and 

T5 was greater (p<0.05) than T1 and T2. No consistent trend was observed in egg quality traits. Shell thickness for T1 

was lower (p<0.5) than T3, T4 and T5. The internal egg quality parameters were similar (p>0.05) among treatments 

except yolk height and yolk color score. The yolk color score decreased (p<0.05) with increasing levels of brewery dried 

grain. The highest marginal rate of return was obtained by including higher level of BDG (26%) and decreased with 

decreasing level of BDG. In conclusion, inclusion of up to 26% brewery dried grain in the diet of Bovans brown layers 

reduced egg production, although economically profitable with similar effect on internal egg qualities. 
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INTRODUCTION 

The demand for food of animal origin is expected to 

increase in developing countries because of escalation 

in human population, urbanization and income 

improvements especially in urban areas (Abdullah et 

al., 2011). The poultry sub-sector is one of the major 

protein sources that can meet the rising demand for 

protein of animal origin, attributed to the high rate of 

reproduction and feed conversion efficiency. 

Moreover, the sub-sector has the potential to create 

both rural and urban employment and generate 

income at various economic levels (Tekalegn et al., 

2017). However, the productivity per unit of bird and 

the contribution of this sector to the national economy 

is low in developing countries such as Ethiopia. 

Availability, quality and market price of the 

conventional energy and protein sources are factors 

that limit the productivity of poultry in the tropics, 

including Ethiopia (Aberra et al., 2011; Atawodi et al., 

2008). 
 

Monogastric animals like poultry are markedly 

affected when the use of cereal products as livestock 

feeds is increasingly unjustified economically, where 

feed cost for poultry accounts for about 70% of the 

total production cost (Birhanu et al., 2021). The bulk 

of the feed cost arises from protein concentrates. 

Prices of conventional protein sources, especially 

soybean meal, have increased in recent times and it is 

becoming uneconomical to use in poultry feeds under 

smallholder production systems (Melesse et al., 

2013). The profit from poultry production can be 

attained by minimizing feed cost which accounts for 

more than half of the total cost of production.   
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Therefore, using alternative feed resources in poultry 

ration is one of the best options for successful poultry 

production (Zewedu and Berhanu, 2014). These 

alternative feed ingredients could be brewery dried 

grains (DBG). The by-product varies nutritionally 

from plant to plant and depending upon the type of 

substrate (barley, wheat, corn, etc.), extent of 

fermentation and type of fermentative process (Levic 

et al., 2010) wch calls for an assesment of brewery 

dried grain produced in Ethiopia for poultry and other 

livestock species. It is available at low cost throughout 

the year, and it is produced in large quantities 

(Mussatto et al., 2006). The availability of brewery 

plants creates a great opportunity for utilizing these 

agro-industrial by-products in poultry as protein 

sources (Meseret et al., 2012). It is rich source of 

digestible fiber with good amino acids, B- vitamin and 

phosphorus but low in other minerals (Gebremedhin 

et al., 2020). According to Mussatto et al. (2006), 

DBG contains other nutrients, including minerals, 

vitamins and amino acids. 
 

Fresh brewer’s grain is a cheap (compared with 

soybean), non-conventional protein source that is 

becoming increasingly available to urban and peri-

urban dairy farms in Ethiopia. In the year 2016/17, the 

annual total wet brewery spent grain (WBG) 

production from the twelve beer factories in Ethiopia 

was estimated at 26,723 tons DM (Getu et al., 2021). 

Brewery by-product decellulosed mixture proteins 

contain considerably higher levels of methionine 

(1.5%), tyrosine (3.5%) and valine (4.8%) compared 

to soybean meal proteins. As reviewed by Mussatto et 

al. (2006) proteins from non-conventional feed, such 

as brewery-dried grain and soybean meal, are 

mutually complementary. Brewer’s grains from the 

brewing industry have crude protein (CP) ranging 

from 145  to 374 g kg-1 of dry matter (DM) (Del Río 

et al., 2013; Westendorf et al., 2014), and can be used 

as a lower cost replacement for soybean meal. 

Soybean (Glycin max) is an oil seed legume that is 

rich in protein and used for both human and animal 

feeding and for industrial purposes. It is the major 

source of protein for non-ruminant feeding, 

constituting about 20 - 30% level of inclusion in 

poultry ration (Esiegwu, 2016). Hence, this study was 

designed to evaluate the effect of dried brewery grain 

inclusion as a replacement to soybean in poultry diet 

on feed intake, laying performance, and egg quality 

using Bovans brown layer chickens and evaluate the 

profitability of the inclusion of brewery dried grain in 

layers diet. 
 

MATERIALS AND METHODS 

Description of the study area  

The experiment was conducted at Gondar University 

poultry farm, located 12°36' 0” N & 37°28’ 0’’E or 

12.6 Latitudes and 37.45 Longitude with an altitude 

of 2200.45 m above sea level. The area's annual mean 

minimum and maximum temperature vary between 

12.3-17.7°C and 22-30°C, respectively, with an 

annual average temperature of 19.7°C. The area 

receives a bimodal rainfall, with the average annual 

precipitation of 1000 mm (Tikunesh et al., 2022). 
 

Experimental rations and treatments 

Five experimental diets were formulated using Win 

feed software. The brewery dried grain (BDG) was 

purchased from Gondar Dashen Beer Company, and 

the remaining feed ingredients were purchased from 

the nearby local market. The BDG was air-dried by 

spreading on a polyethylene plastic sheet for about 

four days. The BDG, maize grain (MG), noug seed 

cake (NSC), and soybean meal (SBM) was hummer 

milled to 5 mm sieve size and stored until required for 

formulation of the experimental rations. The brewery 

dried grain was included at a rate of 0%, 6.5%, 13%, 

19.5 % and 26% of soybean meal, representing T1 

(control), T2, T3, T4 and T5, respectively (Table 1). 

The dietary treatments were formulated to be iso-

caloric and iso-nitrogenous with 2800-2900 kcal ME 

kg-1 DM and 16-17% CP (NRC, 1994) to meet the 

nutrient requirements of the layers. The proportions of 

the experimental diets were determined after nutrient 

analysis based on the nutrient content of the 

ingredients (Table 1). 
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Table 1. Proportion of ingredients and chemical composition of the treatment diet (starting from 20 wks 

of age) 

Ingredients and chemical composition T1 T2 T3 T4 T5 

Maize 48 46.7 47.2 47.7 48 

Noug seed cake 4.7 6 6.5 6.5 6.5 

Soybean meal 26 19.5 13 6.5 0 

Wheat short 12 12 11 10.5 10.2 

Brewery dried grain 0 6.5 13 19.5 26 

Limestone flour 8 8 8 8 8 

Vitamin premix* 0.8 0.8 0.8 0.8 0.8 

Salt 0.5 0.5 0.5 0.5 0.5 

Total 100 100 100 100 100 

Chemical composition 

Dry matter (%) 91.8 91.6 91.5 91.2 91.0 

Crude protein  17.8 17.8 17.8 17.8 17.8 

Ether extract   3.5 3.4 3.3 3.4 4.2 

Ash  9.8 9.98 10.2 11.4 11.8 

Crude fiber 9.2 9.2 9.5 9.8 10.0 

Nitrogen free extract  55.2 55.3 55.3 55.3 55.6 

Calcium  3.2 3.3 3.2 3.4 3.4 

Phosphorus 0.6 0.6 0.6 0.6 0.6 

Metabolizable energy (kcal kg-1 DM) 2871 2871 2871 2870 2871 

*Supplied in amount per kilogram diet: vitamin A, 5000 IU; vitamin D3, 4500 ICU; vitamin E, 88 IU; thiamine HCl, 10 

mg; riboflavin, 10 mg; Ca pantothenate, 30 mg; niacin, 120 mg; pyridoxine HC1, 10 mg; folic acid, 5 mg; menadione, 10 

mg; biotin, .5 mg; vitamin B, 2 , 10 jug; and butylated hydroxytoluene, 1 g. 

 

Experimental design and management of layers 

The layers were kept in deep litter pens covered with 

10 cm depth barely straw as a bedding material. 

Before the commencement of the actual experiment, 

the pens, feeders, drinkers and laying nests were 

thoroughly cleaned, disinfected and sprayed against 

external parasites. A total of 150 Bovans brown of 20 

week old layers with similar body weight were used 

in a completely randomized design. The layers were 

randomly allocated into 5 treatments. Each treatment 

comprised 30 layers and each treatment group was 

further subdivided into 3 replicates of 10 layers. The 

layers were adapted to experimental diets for 7 days 

before the commencement of data collection. Feed 

was offered twice a day at 08:00 a.m. and 4:00 p.m. 

(local time, GMT +3) and clean tap water was 

available at all times. The experiment lasted 12 weeks. 
 

Management of pullets 

The company where pullets were purchased already 

vaccinated pullets against major poultry viral and 

bacterial diseases including Marek’s disease, 

Newcastle, infectious bursal disease (Gumburo), fowl 

typhoid and fowl pox diseases. After arrival, the 

chicks were weighed and randomly distributed to the 

already prepared experimental pens with a dimension 

of 3 m2 (2×1.5 m) per replicate. The concrete floor 

was covered with wood shavings at a depth of 5 cm. 

The pullets were fed with pullet and pre-lay rations 

until the age of 20 weeks. They were then fed with 

layer rations starting from the 20th weeks of age until 

end of the experiment. Clean water and feed were 

provided ad libitum throughout the experimental 

period. 

 

Chemical analysis 

Representative samples were taken from each of the 

feed ingredients used in the experiment and analyzed 

before formulating the actual dietary treatments. 

Samples were also taken for chemical analysis from 

each treatment ration. Feed samples were analyzed for 

dry matter (DM), crude protein (CP), ether extract 

(EE), crude fiber (CF) and ash using the method of the 

AOAC (1990). The calcium and phosphorus content 

of the ingredients were determined by atomic 

absorption spectrophotometer method as described in 

AOAC (2005). Metabolizable energy (ME) of the 

experimental diets was determined by indirect method 

according to Wiseman (1987) as follows: 

ME (Kcal kg-1 DM) = 3951 + 54.4 EE – 88.7 CF – 40.8 Ash 
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Table 2. Chemical composition of feed ingredients and treatments diets (DM %) 

Chemical composition  Maize 

grain 

Noug cake Soybean 

meal 

Wheat 

bran 

Dried 

brewery grain  

Dry matter (%)  91.0 94.0 91.9 92.0 92.0 

Crude protein 10.6 32.3 39.8 17.6 25.4 

Ether extract 5.9 7.51 8.4 4.31 6.1 

Ash  4.9 12.8 6.5 4.4 9.8 

Crude fiber  3.8 17.5 5.7 9.4 13.9 

Nitrogen free extract  65.6 23.8 27.1 56.3 45.5 

Calcium  0.14 0.72 0.48 0.1 0.76 

Phosphorus   0.35 1.09 0.78 0.68 0.37 

Metabolizable energy (kcal kg-1 DM) 3735 2285 3637 3175 2560 

Treatments T1 T2 T3 T4 T5 

Dry matter   91.8 91.6 91.5 91.2 91.0 

Crude protein  17.8 17.6 17.8 17.4 17.6 

Ether extract 3.5 3.41 3.32 3.43 4.2 

Ash  9.8 9.9 10.2 11.4 11.8 

Crude fiber  9.2 9.2 9.5 9.8 10.0 

Nitrogen free extract  55.2 55.3 55.3 55.3 55.6 

Calcium  3.2 3.3 3.2 3.4 3.4 

Phosphorus  0.6 0.6 0.6 0.6 0.6 

Metabolizable energy (kcal kg-1 DM) 2871 2871 2871 2870 2871 

T1 = ration containing 0% BDG as an inclusion; T2 = ration containing 6.5% BDG as an inclusion; T3 = 

ration containing13% BDG as an inclusion; T4 = ration containing 19.5% BDG as an inclusion; T5= ration 

containing 26% BDG as an inclusion 

 

Feed intake 

A measured amount of feed was offered in the 

morning (between 7.00 and 8.00 a.m.) and late 

afternoon (between 4.00 and 5.00 p.m.) and refusals 

were always collected and weighed the following 

morning before feed is offered. Feed intake on group 

basis was then computed by subtracting the feed 

refusal from that of feed offered. 
 

Performance variables and egg quality  

Egg production 

Eggs were collected twice a day from each pen (10:30 

a.m. and 4:00 p.m. local time). The sum of the two 

collections along with the number of birds alive on 

each day was recorded and summarized at the end of 

the experiment. Since there was no mortality 

recorded, hen-housed egg production was calculated 

by considering the number of hens that were housed 

initially. 

% 𝑜𝑓 𝐻𝑒𝑛 − ℎ𝑜𝑢𝑠𝑒𝑑 𝑒𝑔𝑔 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

=
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑔𝑔𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑒𝑛𝑠 𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑙𝑦 ℎ𝑜𝑢𝑠𝑒𝑑 × 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑖𝑛 𝑙𝑎𝑦
× 100

 

Egg weight and mass 

Egg weight was determined on weekly basis and the 

average egg weight was calculated. Total egg mass 

was computed by multiplying the average egg weight 

with total number of eggs produced. Daily egg mass 

per hens was computed by dividing the total egg mass 

by the number of hens that were initially housed and 

total number of days in which the hens were in lay. 
 

Feed conversion ratio (FCR) 

Feed conversion ratio per egg mass was computed by 

dividing the total feed intake with total egg mass. 

 

𝐹𝐶𝑅 (𝑘𝑔 𝑓𝑒𝑒𝑑𝑖𝑛𝑔 𝑒𝑔𝑔 𝑚𝑎𝑠𝑠) =  
𝑇𝑜𝑡𝑎𝑙 𝑓𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒 (𝑘𝑔 ℎ𝑒𝑛−1) 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑔𝑔 𝑚𝑎𝑠𝑠 (𝑘𝑔 ℎ𝑒𝑛−1)
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Egg quality parameters 

Any broken, cracked, thin-shelled, without shell, or 

deformed eggs laid were recorded and isolated. These 

data were used to calculate the percentage of laid and 

viable eggs. Egg quality parameters were measured 

for each replicate. Egg quality parameters to be 

measured were egg weight, shell thickness, egg yolk 

color albumen height, and yolk height and diameter. 

An electronic scale at 0.001 g sensitivity was used to 

weigh the eggs' albumen, yolk and shell weights. 

After weighing the eggs were broken and accurately 

divided into three components: shell, yolk, and 

albumen. The yolk and albumen were weighed 

immediately after breaking; while the shell was dried 

at room temperature for water evaporation from the 

solid substance and weighed. Egg length and width 

were measured using a digital caliper. Egg shape 

index was then computed from egg width per egg 

length. For quality measurement, three eggs per 

replication (nine eggs per treatment) were randomly 

taken weekly and the average was computed for each 

quality parameter for the replicate. The shell thickness 

is the average of the thickness taken from the narrow 

end, center and broad end points of the egg and was 

measured using a digital caliper. Albumen and yolk 

heights were measured by tripod micrometer meter 

device. The yolk color was compared with a roche 

colour fan consisting of 15 colored plastic strips, with 

one rated as very pale yellow to a deep intense reddish 

orange. Haugh unit was calculated according to the 

method described by Haugh (1937) as: 
 

𝐻𝑈 = 100 log  (𝐻 + 7.6 − 1.7 𝑊0.37) 

Where, HU= Haugh unit (g)  

H = Albumin height (mm)  

W = weight of egg 

 

The yolk diameter was measured using a digital 

caliper and the yolk index was computed by the 

following formula. 
 

𝑌𝑜𝑙𝑘 𝑖𝑛𝑑𝑒𝑥 =
𝑌𝑜𝑙𝑘 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑚𝑚)

𝑦𝑜𝑙𝑘 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑚𝑚)
× 100 

 

Partial budget analysis 

To estimate and compare the economic feasibility of 

including brewery spent grains in layers diet, partial 

budget analysis was employed according to Upton 

(1979). The partial budget was calculated as the 

difference between the feed costs incurred during the 

experimental periods and sale of the eggs, other costs 

being similar among treatments. The net return (NR) 

was calculated by subtracting total variable cost 

(TVC) from total return (TR). The change in net 

return (∆NR) was computed by subtracting change in 

variable cost (∆TVC) from change in total return 

(∆TR). The marginal rate of return (MRR) quantifies 

the increase in net return associated with each 

additional unit of expenditure. This is expressed as 

percentage using the following equation: 
 

𝑀𝑀𝑅 (%) =
∆𝑁𝑅

∆𝑇𝑉𝐶
× 100 

 

Data management and analysis 

Data on feed intake, body weight, feed conversion 

ratio, egg production and egg quality parameters were 

subjected to one-way ANOVA by fitting treatment 

diets as fixed factors. The general linear model (GLM) 

procedures of SAS (SAS, 2012) were used to analyze 

the collected data and treatment means were 

compared using Duncan multiple range test at 5% 

significance level. The statistical model used was:  
 

𝑌𝑖𝑗 = 𝜇 + 𝜏𝑖 + 𝜀𝑖𝑗 

Where:  

Yij = the observation in the ijth treatment 

µ = the overall mean measurement across all 

treatments 

𝜏𝑖 = the effect of the ith treatment, and 

𝜀𝑖𝑗 = the random error 

 

RESULTS AND DISCUSSION  

Feed intake and egg production performances 

As indicated from the result there was a significant 

difference (p<0.05) in feed intake among treatments. 

The highest (p<0.05) feed intake was observed in T5 

and the lowest in T1. Results from the present 

research were similar to the reports of Mafeni and 

Fombad (2001) who indicated that feed intake 

increased as the brewery dried grain level increased 

up to 30% in breeder chicken ration. Also, Meseret et 

al. (2012) reported that 40% brewery dried grain 

inclusion level resulted in high feed consumption in 

layer’s diet. Since birds eat to meet their energy 

requirements (Harms et al., 2000; Leeson et al. 2001), 

birds ate more diet (as in T5), of the treatment 

containing 26% brewery dried grain compared to the 

other treatments. The fiber content of was the highest 

in T5 followed by T4 and the least for T1 (control). 

Fiber has been proved to affect the diet's physical 

texture and increase birds' feed intake to meet energy 

needs. Contrary to the current report Zewdu and 

Berhan, (2014) reported similarity in mean feed intake 

when brewery dried yeast was included up to 30% of 

the starter ration. Similarly, Meseret et al. (2012) 

observed no significant difference in feed intake of 

chicken fed on a ration containing up to 25% brewery 
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dried grain. As the level of BDG increased (p<0.05) 

there was a reduction in hen housed egg production. 

Higher feed intake reduced feed efficiency and 

depressed egg production of birds that are fed on 

rations with high levels BGD, which could be 

attributed to high fiber levels in the diets. High fiber 

diets could result in less availability of active 

ingredients of for the birds. The birds, therefore, ate 

more to satisfy their energy requirement for 

production and maintenance. It was observed, too, 

that higher feed intake of birds on high levels BDG 

did not support higher egg production. Birds on high 

levels of fiber diets consumed much feed but 

produced lesser number of eggs (Obidimma et.al., 

2010).  

The low fiber content in T1 and T2 favors the 

increments of egg production. In agreement with the 

current report Gebremedhin et al. (2020) reported a 

significant decrease in HDEP at 30% brewery spent 

grain inclusion level which might be due to the high 

fiber content of the treatment. The egg weight was 

similar among treatments which is consistent with the 

reports of Fakhraei et al. (2010) but in contrast to 

Yangtul et al. (2013) and Mafeni and Fombad (2001) 

who observed significant progressive increment in 

egg weight as BSG level increases to 30%. A higher 

(p<0.05) feed conversion ratio (FCR) was observed in 

hens reared in T3, T4 and T5 compared with those of 

T1 and T2 diets. Higher feed conversion ratio means 

low feed efficiency which was obtained at higher 

inclusion level of brewery dried grain. Similarly, 

Mafeni and Fombad and (2001) reported that 20% to 

30% BDG inclusion increased feed required to 

produce a dozen of eggs. Naulia (2002) reported 

14.56% inclusion of groundnut cake resulted in better 

feed conversion ratio than 22.9 and 31.44% of 

inclusion levels. The result from the present study, 

however, disagreed with the reports of Kevin et al. 

(2006) who reported reduced feed conversion ratio at 

40% levels of BDG inclusion. 
 

Table 3. Feed intake and egg production performance of Bovans brown layer chicken fed with brewery 

dried grain as a replacement to soybean meal  

Parameters  
Treatments  

T1 T2 T3 T4 T5 SEM P value 

Final body weight (g) 1682 1681 1683 1683 1682 16.2 0.985 

Total egg number per hen 77.5a 73.3b 70.4c 67.4d 66.6d 29.1 0.0001 

Average egg weight (g) 62.4 61.6 60.3 60.4 61.2 10.2 0.2761 

Total egg mass (kg hen-1) 4.7a 4.5b 4.2c 4.2c 4.1c 0.15 0.0001 

Hen-housed egg production 86.1a 81.4b 78.2c 74.9d 74.0d 35.9 0.0001 

Total feed intake (kg hen-1) 9.92e 9.95d 9.99c 10.01b 10.1a 3.0 0.0001 

 FCR (kg feed kg-1 egg mass) 2.1c 2.2b 2.4a 2.5a 2.4a 0.04 0.0001 

SEM = standard error of mean; BDG= brewery dried grain; T1= ration containing 0% BDG as an inclusion; T2 

= ration   containing 6.5% BDG as an inclusion; T3 = ration containing13% BDG as an inclusion; T4 = ration 

containing 19.5% BDG as an   inclusion; T5= ration containing 26% BDG as an inclusion. 
 

External egg quality parameters 

Egg length, egg width, egg shape index and shell 

thickness were significantly different (Table 4). Shell 

thickness in T2, T3, T4 and T5 was higher (p<0.05) 

than T1. The lower shell thickness in T1 compared 

with other treatments might be due to the calcium 

content of brewery dried grain for the treatment diets 

which was higher than the control. Uchegbu et al. 

(2011) observed similar egg shell thickness (0.39 mm) 

for Bovans Whites fed diets containing combination 

of brewery dried grain, jack bean and cassava root 

meal. The egg thickness in the current experiment was 

lower than the egg shell thickness (0.39 mm) reported 

by Sinha et al. (2017) for Rhode Island Red. Niraj et 

al. (2014) also reported higher egg shell thickness 

(0.41 mm) for Rhode Island Red fed under intensive 

management. Egg shell thickness is important quality 

parameters for table egg and is affected by calcium 

and phosphorus contents of the diet. Eggs with low-

quality shells contribute to economic losses in the 

production of eggs for consumption (Sinha et al., 

2018). The egg length in T1 was higher (p<0.05) than 

in the other treatment with a similar value. Egg length 

and width depend on the weight of the egg. In the 

current study higher egg weight was obtained in T1 

but not significantly different from others. The highest 

egg weight was related to the highest egg length and 

width for T1 compared to the other treatments (Table 

5). Dzungwe et al. (2018) found strong correlation 

between egg weight, egg length and width. The egg 

length ranged between 53.91 and 56.43 mm in the 

current experiment, which is in line with the report by 

Ahmedin and Mangistu (2016) where the average 

mean egg length was 56.4 for Bovans brown layer 
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breed. The highest (p<0.05) egg width was for T1 and 

T2 and there was no significant difference in the shell 

weight values. The highest shape index was obtained 

in T5. The range of shape index in the current 

experiment (77.35-79.07 mm) is higher than that 

reported by Duman et al. (2016; 72-76 mm). 

Liswaniso et al. (2020) reported egg shape index of 76 

mm which is within the range of values in the current 

experiment in layers fed free range or scavenging 

type. 

 

Table 4. External egg quality for Bovans brown layers fed on BDG as a replacement for soybean meal  

Parameters  
Treatments 

T1 T2 T3 T4 T5 SEM P value 

Dry shell weight (g) 6.23 6.15 6.03 6.04 6.12 0.102 0.2761 

Shell thickness (mm) 0.33b 0.35ab 0.35a 0.35a 0.35a 0.0004 0.0481 

Egg length (mm) 56.43a 55.43ab 54.52bc 54.10c 53.91c 2.359 0.0001 

Egg width (mm) 43.9a 43.3ab 42.5bc 41.9c 42.6bc 2.362 0.0023 

Egg shape index (%) 77.74b 78.07ab 77.91ab 77.35b 79.07a 2.882 0.0434 

SEM = standard error of mean; BDG= brewery dried grain; T1= ration containing 0% BDG as an inclusion; T2 

= ration containing 6.5% BDG as an inclusion; 13 = ration containing13% BDG as an inclusion; T4 = ration 

containing 19.5% BDG as an inclusion; T5= ration containing 26% BDG as an inclusion  

 

Internal egg quality parameters 

Albumen and yolk weight and height, as well as 

Haugh unit, yolk width and index were similar 

(p>0.05) among treatments (Table 5). The similarity 

of egg quality characteristics may suggest that 

brewery dried grain can replace soybean meal in 

Bovans brown layer ration without affecting egg 

quality parameters. The yolk height for T1 was greater 

than that of T3 but similar with other treatment 

groups. The range of yolk height (17.03-17.33 mm) in 

the current experiment is lower than the results (17.84 

mm and 17.41 mm) reported by Dessalew et al. (2015) 

for Bovans and Isa browns under village production 

system. The range of the albumen height (6.71-6.83 

mm) in the current experiment is comparable to that 

reported by Yonas et al. (2019) with mean albumen 

height of 7.1 mm for Bovans brown breed. Haugh unit 

(81.60-82.4) in the current experiment is similar to the 

reported values by Niraj et al. (2014; 82.15) for the 

similar breeds. However, the current finding is lower 

than the result (87.45) reported by Tadesse et al. 

(2015) the same breed. Consistent with the current 

finding Mafeni  and Fombad (2001) reported 

similarity in Haugh unit by including up to 30% 

brewery dried grain in the diet of breeder chickens. On 

the other hand, Egg yolk color is a very important 

factor in consumer satisfaction and influences human 

appetite (Oke et al., 2014; Nigussu et al., 2019) with 

a preference for golden yellow to orange (Hasin et al., 

2006). The average value of albumen weight, 

albumen height, Haugh unit, yolk width and yolk 

index did not vary among treatments. Yolk color score 

decreased with increasing levels of BDG, the highest 

value corresponding to T1. The mean yolk color 

scores of the treatments in this study ranged between 

4.5 and 5.5 which could be less satisfying for 

consumers in many parts of the world (Senbeta et al., 

2015) including Ethiopia (Dessalew et al., 2015) 

where the preference is for deeper yellow yolk color. 

From this research it can be concluded that the 

replacement of BDG with soybean meal did not affect 

most of the internal quality of eggs from the Bovans 

brown layer hens and hence can be used as 

replacement of soybean meal up to 26% as safe level. 
 

Table 5. The effect of replacement of soybean meal with BDG on internal egg quality parameters  

Parameters  
Treatment 

T1 T2 T3 T4 T5 SEM P value 

Albumen weight(g)  37.43 36.93 36.17 36.27 36.73 3.68 0.2761 

Albumen height (mm)  6.83 6.81 6.82 6.71 6.80 0.076 0.6511 

Yolk weight (g) 18.72 18.47 18.08 18.13 18.37 0.92 0.1503 

Yolk height (mm) 17.33a 17.15ab 17.03b 17.15ab 17.19ab 0.10 0.0780 

Yolk width(mm) 39.30 39.41 39.38 39.32 39.23 3.56 0.9988 

Yolk index  44.19 43.61 43.33 43.56 43.91 4.48 0.7831 

Haugh unit  82.20 81.96 82.43 81.60 81.64 3.08 0.5559 

Yolk color score  5.54a 5.05b 4.87c 4.69d 4.53e 0.03 0.0001 
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SEM = standard error of mean; BDG= brewery dried grain; T1= ration containing 0% BDG as an inclusion; T2 

= ration containing 6.5% BDG as an inclusion; T3 = ration containing13% BDG as an inclusion; T4 = ration 

containing 19.5% BDG as an inclusion; T5= ration containing 26% BDG as an inclusion 
 

Partial budget analysis 

The highest marginal rate of return was obtained by 

including higher level of BDG (26%) and decreased 

with decreasing level of BDG (Table 6). Including up 

to 26 % BDG had better economic advantage and with 

similar effect on egg quality compared to the control. 

Regarding profitability analysis Mafeni and Fombad 

(2001) revealed similar results indicating the cost of 

feed required to produce a kg of egg output was 

progressively reduced with increasing levels (0, 10, 

20, and 30%) in the ration. Hence, the use of BDG up 

to 40% is possible as an alternative to conventional 

feeds in the diets of egg laying hens to reduce cost of 

feed specifically and cost of egg production in 

general. In agreement with the current finding Ngele 

et al. (2011) reported that incorporation of spent 

sorghum residue at 30% level reduced the total feed 

cost and cost of feed per kg weight gain in Japanese 

quails. Also, Swain et al (2012) reported that 

incorporation of 10% BDG in the diet of Japanese 

quails significantly reduced the feed cost per kg and 

the feed cost per kg of weight gain. Cost of production 

and feed cost per kg decreased with increasing BDG 

levels (Abd El-Hack et al., 2019). 
 

Table 6. Economics of brewery dried grain for layer 

Variable T1 T2 T3 T4 T5 

Total feed consumed in kg per head 9.92 9.95 9.99 10.02 10.06 

Total feed cost per head (Birr) 148.8 139.3 129.87 120.24 110.66 

Labor cost (Birr) - 30 60 90 120 

Total variable cost (Birr) 148.8 169.3 189.87 210.24 230.66 

∆TVC (Birr) - 20.5 41.07 61.44 81.86 

Total egg produced per head 77 73 70 67 66 

Gross income (TR) (Birr) 420 414 402 390 378 

Net income (NI)(Birr) 271.2 244.7 212.13 179.76 147.34 

∆TR (Birr) - -26.5 -59.07 -91.44 -123.86 

∆TVC (Birr) - 20.5 41.07 61.44 81.86 

∆NR (Birr) - -6 -18 -30 -42 

MRR (%) - 29.268 43.828 48.828 51.307 

 

 

CONCLUSIONS  
In conclusion, inclusion of up to 26% brewery dried grain 

in the diet of Bovans brown layers has resulted in reduced 

egg production, although economically profitable with no 

significant effect on internal egg qualities. 

 

Conflicts of interest 
Authors declare that they have no conflicts of interest regarding the publication of this paper with the Journal 

of Science and Development. 
 

Acknowledgement 
The first author would like to acknowledge Amhara Agricultural Research Institute and Gondar Agricultural Research Center for 

facilitating the budget and covering costs to undertake the research. We are grateful to Gondar University, department of Veterinary 

Medicine and Animal Production for their willingness for allowing the use of poultry farm. Gondar Dashen Brewery factory is 

acknowledged for facilitating the supply of the brewery spent grain. 

 

REFERENCES 

Abd El-Hack, M. E., Alagawany, M., Patra, A. K., 

& Mervat, A. L. A. 2019. Use of Brewers Dried 

Grains as an Unconventional Feed Ingredient in 

the Diets of Broiler Chickens: A Review. 

Advances in Animal and VeterinarySciences, 7 

(3).doi:10.17582/journal.a 

vs/2019/7.3.218.224. [Scholar Google] 

Abdullah, R. B., Embong, W. K., & Soh, H. H. 2011. 

Biotechnology in Animal Production in 

Developing Countries. International 

Conference on Agricultural and Animal 

Science. 22, pp. 25-27. Malaysia: IACSIT 

Press, Singapore.  

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Abd+El-Hack%2C+M.+E.%2C+Alagawany%2C+M.%2C+Patra%2C+A.+K.%2C+%26+Mervat%2C+A.+L.+A.+2019.+Use+of+Brewers+Dried+Grains+as+an+Unconventional+Feed+Ingredient+in+the+Diets+of+Broiler+Chickens%3A+A+Review.+Advances+in+Animal+and+VeterinarySciences%2C7%283%29&btnG=


Journal of Science and Development, JSD Vol. 11 No. 1  2023 

 

34 | P a g e   Zelalem et al., JSD, 11(1) 2023 

Aberra, M., Workinesh, T., & Tegene, N. 2011. 

Effects of feeding Moringa stenopetala leaf 

meal on nutrient intake and growth 

performance of Rhode Island Red chicks under 

tropical climate. Tropical and Subtropical 

Agroecosystems. [Scholar Google] 

Ahmedin, A., & Mangistu, U. 2016. Evaluation of 

Fertility, Hatchability and Egg Quality of Rural 

Chicken in Gorogutu District, Eastern 

Hararghe, Ethiopia. Asian Journal of Poultry 

Science, 10(2),111-116. doi: 

10.3923/ajpsaj.2016.111.116. [Scholar Google] 

AOAC. 1990. Official Methods of Analysis of 

Association of Official Analytical Chemists. 

15th Edition, Association of Official Analytical 

Chemist, Washington DC. 

A.O.A.C. 2005.  Official Methods of Analysis of 

Association of Official Analytical Chemists. 

18th Edition, Washington, DC. 

Atawodi, S. E., Mari, D., Atawodi, J. C., & Yahaya, 

Y. 2008. Assessment of Leucaena leucocephala 

leaves as feed supplement in laying hens. 

African Journal of Biotechnology, 7 (3), 317-

321. [Scholar Google] 

Birhanu, Y. M., Esatu, W., Geremew, K., Worku, S., 

Fasil, G. K., Unger, F., & Dessie, T. 2021. 

Poultry production, marketing, and 

consumption in Myanmar: A review of 

literature. International Livestock Research 

Institute (ILRI), Animal Science. Kenya: ILRI 

Editorial and Publishing Services. Retrieved 

December 2021 2021, from 

https://creativecommons.org/licenses/by/4.0. 

[Scholar Google] 

Del Río, J. C., Prinsen, P. & Gutiérrez, A., 2013. 

Chemical composition of lipids in brewer’s 

spent grain: A promising source of valuable 

phytochemicals. J. Cereal Sci. 58, 248-254. 

[Scholar Google] 

Dessalew T., Singh, H., Ashenafi, M, Wondimeneh 

E and Tadelle D., 2015. Study on Productive 

Performances and Egg quality Traits of Exotic 

Chickens under Village Production System in 

East Shewa, Ethiopia. African Journal of 

Agricultural Research, 8 (13), 1123-1128. 

[Scholar Google] 

Dessalew, T., Wondmeneh, E., Mekonnen, G., & 

Tadelle Dessie. 2015. Comparative study on 

some egg quality traits of exotic chickens in 

different production systems in East Shewa, 

Ethiopia. African journal of Agricultural 

Research, 10(9), 1016-1021. [Scholar Google] 

Duman, M., şekeroğlu, A., Yildirim, A., & Eleroğlu, 

H. 2016. Relation between egg shape index and 

egg quality characteristics Zusammenhang 

zwischen Formindex des Eies und 

Eiqualitätsmerkmalen. Article in Archiv fur 

Geflugelkunde. doi: 10.1399/eps.2016.117. 

[Scholar Google] 

Dzungwe, J. T., Gwaza, D. S. & Egahi, J. O. 2018. 

Phenotypic Correlation between Egg Weight 

and Egg Linear Measurements of the French 

Broiler Guinea Fowl Raised in the Humid Zone 

of Nigeria. Current Trends on Biostatistics & 

Biometrics. 1(1)-2018. [Scholar Google] 

Esiegwu, A. C. 2016. The Effect of Replacing Soya 

Bean Meal with Cooked Mucuna sloanei Meal 

on Growth Performance, Carcass 

Characteristics and Blood Indices of Broiler 

Finishers. Journal of Tropical Agriculture, 

Food, Environment and Extension, 15(1), 34-

38. [Scholar Google] 

Fakhraei, J., Loutfollahian, H., Shivazad, M., 

Chamani, M. and Hoseini, S.A., 2010. 

Reevaluation of lysine requirement based on 

performance responses in broiler breeder hens. 

African journal of agricultural research, 5(16), 

pp.2137-2142. [Scholar Google] 

Gebremedhin, B., Niguse, M., Hagos, B., Kidane, T., 

Berhe, A., Gebresilassie, L., Gebremeskel, Y. 

2019. Effects of Dietary Brewery Spent Grain 

Inclusion on Egg Laying Performance and 

Quality Parameters of Bovans Brown Chickens. 

Brazilian Journal of Poultry Science, 21 (2), 1-

9. [Scholar Google] 

Getu, K., Geberemariyam, T. Y., & Mulisa, F. 2021. 

Nutritional and Logarithmic Fungal Count of 

Brewers’ Grain under Different Conservation 

Techniques and Brewery Sources. 

doi:10.21203/rs.3.rs1123891/v1. [Scholar 

Google] 

Harms, R. A., Rise G. B., and Sloan, D. R. 2000. 

Performance of four strains of commercial 

layers with major changes in dietary energy. 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Aberra%2C+M.%2C+Workinesh%2C+T.%2C+%26+Tegene%2C+N.+2011.+Effects+of+feeding+Moringa+stenopetala+leaf+meal+on+nutrient+intake+and+growth+performance+of+Rhode+Island+Red+chicks+under+tropical+climate.+Tropical+and+Subtropical+Agroecosystems&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Ahmedin%2C+A.%2C+%26+Mangistu%2C+U.+2016.+Evaluation+of+Fertility%2C+Hatchability+and+Egg+Quality+of+Rural+Chicken+in+Gorogutu+District%2C+Eastern+Hararghe%2C+Ethiopia.+Asian+Journal+of+Poultry+Science%2C+10%282%29%2C111-116.+doi%3A10.3923%2Fajpsaj.2016.111.116.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Atawodi%2C+S.+E.%2C+Mari%2C+D.%2C+Atawodi%2C+J.+C.%2C+%26+Yahaya%2C+Y.+2008.+Assessment+of+Leucaena+leucocephala+leaves+as+feed+supplement+in+laying+hens.+African+Journal+of+Biotechnology%2C+7+%283%29%2C+317-321&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Birhanu%2C+Y.+M.%2C+Esatu%2C+W.%2C+Geremew%2C+K.%2C+Worku%2C+S.%2C+Fasil%2C+G.+K.%2C+Unger%2C+F.%2C+%26+Dessie%2C+T.+2021.+Poultry+production%2Cmarketing%2C+and+consumption+in+Myanmar%3AA+review+of+literature.+International+Livestock+Research+Institute+%28ILRI%29%2C+Animal+Science.+Kenya%3A+ILRI+Editorial+and+Publishing+Services.+Retrieved+December+2021+2021%2C+from+https%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby%2F4.0.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Del+R%C3%ADo%2C+J.C.%2C+Prinsen%2C+P.+%26+Guti%C3%A9rrez%2C+A.%2C+2013.+Chemical+composition+of+lipids+in+brewer%E2%80%99s+spent+grain%3A+A+promising+source+of+valuable+phytochemicals.+J.+Cereal+Sci.+58%2C+248-254.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Desalew+T.%2C+Singh%2C+H.%2C+Ashenafi%2C++M%2C+Wondimeneh+E+and+Tadelle+D.%2C+2015.+Study+on+Productive+Performances+and+Egg+quality+Traits+of+Exotic+Chickens+Under+Village+Production+System+in+East+Shewa%2C+Ethiopia.+African+Journal+of+Agricultural+Research%2C+8+%2813%29%2C+1123-1128&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Dessalew%2C+T.%2C+Wondmeneh%2C+E.%2C+Mekonnen%2C+G.%2C+%26+Tadelle+Dessie.+2015.+Comparative+study+on+some+egg+quality+traits+of+exotic+chickens+in+different+production+systems+in+East+Shewa%2C+Ethiopia.+African+journal+of+Agricultural+Research%2C+10%289%29%2C+1016-1021.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Duman%2C+M.%2C+%C5%9Fekero%C4%9Flu%2C+A.%2C+Yildirim%2C+A.%2C+%26+Elero%C4%9Flu%2C+H.+2016.+Relation+between+egg+shape+index+and+egg+quality+characteristics+Zusammenhang+zwischen+Formindex+des+Eies+und+Eiqualit%C3%A4tsmerkmalen.+Article+in+Archiv+fur+Geflugelkunde+%C2%B7.+doi%3A+10.1399%2Feps.2016.117&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Dzungwe%2C+J.T.%2C++Gwaza%2C++D.+S.+%26+Egahi%2C++J.+O.+2018.+Phenotypic+Correlation+between+Egg+Weight+and+Egg+Linear+Measurements+of+the+French+Broiler+Guinea+Fowl+Raised+in+the+Humid+Zone+of+Nigeria.+Current+Trends+on+Biostatistics+%26+Biometrics.+1%281%29-2018.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Esiegwu%2C+A.+C.+2016.++The+Effect+of+Replacing+Soya+Bean+Meal+with+Cooked+Mucuna+sloanei+Meal+on+Growth+Performance%2C+Carcass+Characteristics+and+Blood+Indices+of+Broiler+Finishers.+Journal+of+Tropical+Agriculture%2C+Food%2C+Environment+and+Extension%2C+15%281%29%2C+34-38.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Fakhrael%2C+J.%2C+H%2C+L.%2C+%26+M%2C+S.+2010.+Reevaluation+of+lysine+requirement+based+on+performance+responses+in+broiler+breeder+hens.+African+Journal+of+Agricultural+Research%2C+5%2816%29%2C+2137-2142.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Gebremedhin%2C+B.%2C+Niguse%2C+M.%2C+Hagos%2C+B.%2C+Kidane%2C+T.%2C+Berhe%2C+A.%2C+Gebresilassie%2C+L.%2C+.+.+.+Gebremeskel%2C+Y.+2020.+Effects+of+Dietary+Brewery+Spent+Grain+Inclusion+on+Egg+Laying+Performance+and+Quality+Parameters+of+Bovans+Brown+Chickens..+Brazilian+Journal+of+Poultry+Science%2C+21+%282%29%2C+1-9.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Getu%2C+K.%2C+Geberemariyam%2C+T.+Y.%2C+%26+Mulisa%2C+F.+2021.+Nutritional+and+Logarithmic+Fungal+Count+of+Brewers%E2%80%99+Grain+Under+Different+Conservation+Techniques+and+Brewery+Sources..doi%3A10.21203%2Frs.3.rs1123891%2Fv1.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Getu%2C+K.%2C+Geberemariyam%2C+T.+Y.%2C+%26+Mulisa%2C+F.+2021.+Nutritional+and+Logarithmic+Fungal+Count+of+Brewers%E2%80%99+Grain+Under+Different+Conservation+Techniques+and+Brewery+Sources..doi%3A10.21203%2Frs.3.rs1123891%2Fv1.&btnG=


Journal of Science and Development, JSD Vol. 11 No. 1  2023 

 

35 | P a g e   Zelalem et al., JSD, 11(1) 2023 

Journal of Applied Poultry Research 9: 535-

541. [Scholar Google] 

Hasin, B. M., Ferdaus A, J. M., Islam, M. A., & 

Uddin, M. J. 2006. Marigold and Orange Skin 

as Egg Yolk Color Promoting Agents. 

International Journal of Poultry Science, 5 (10). 

doi:10.3923/ijps.2006.979.987. [Scholar 

Google] 

Haugh, R. R. 1937. The Haugh Unit for Measuring 

Egg Quality U. S. Egg Poultry Management, 

43: 552-555. [Scholar Google] 

Kevin, A., Abasiekong, S. F., & Onwudike, O. 2006. 

Response of Weaner Pigs to Diets of Different 

Proportions and High Levels of Palm Kernel 

Meal and Brewers Dried Grain in the Humid 

Tropics K.U. Amaefule, S.N. Ibe, S.F. 

Abasiekong and O.C. Onwudike. Pakistan 

Journal of Nutrition, 5 (5). doi: 

DOI:10.3923/pjn.2006.461.466. [Scholar 

Google] 

Levic, J., Olivera, D., & Slavica, S. 2010. Use of new 

feed from brewery by-products for breeding 

layers. 15(5), 5559-5565. [Scholar Google] 

Leeson, S., J. D. Summers & Caston, L. J. 2001. 

Response of Layers to Low Nutrient Density 

Diets. Journal of Applied Poultry Research, 10, 

46–52. [Scholar Google] 

Liswaniso, S., Qin, N., Shan, X. and Xu, R., 2020. 

Quality Characteristics, Phenotypic 

correlations and Principal Component Analysis 

of Indigenous Free Range Chicken Eggs in 

Lusaka; Zambia. Int. J. Agric. Res, 6, pp.29-35. 

[Scholar Google] 

Mafeni, M., & Fombad, R. 2001. Brewer's Grain 

from Cameroon Brewery in Breeder Chicken 

Rations: Effect on Productive and Reproductive 

Performance,. Journal of Tropicultura, 19 (2), 

61-64. [Scholar Google] 

Aberra, M., Steingass, H., Boguhn, J., & 

Rodehutscord, M. 2013. In vitro fermentation 

characteristics and effective utilisable crude 

protein in leaves and green pods of Moringa 

stenopetala and Moringa oleifera cultivated at 

low and mid-altitudes. Journal of Animal 

Physiology and Animal Nutrition, 97(3), 537-

546. [Scholar Google] 

Meseret, G., Berhan, T., & Tadelie, D. 2012. Effects 

of Replacing Peanut Seed Cake with Brewery 

Dried Yeast on Laying Performance, Egg 

Quality and Carcass Characteristics of Rhode 

Island Red Chicken. International Journal of 

Poultry Science, 11 (1), 6572. doi: 

10.3923/ijps.2012.65.72. [Scholar Google] 

Mussatto, S. I., Dragone, G., & Roberto, I. C. 2006. 

Brewers’ spent grain: generation, 

characteristics and potential applications. J 

Cereal Sci, 43 (1), 1-14. [Scholar Google] 

Naulia, U., & Singh K S., 2002. Effect of 

Substitution of Groundnut with Soybean Meal 

at Varying Fish Meal and Protein Levels on 

Performance and Egg Quality of Layer 

Chickens. Asian Australasian Journal of 

Animal Sciences,15(11), 1617-1621. 

doi:DOI:10.5713/ajas.2002.1617. [Scholar 

Google] 

Ngele, M., Egho, M. and Jonathan, J., 2011. 

Performance of Japanese quails (Coturnix 

coturnix japonica) fed varying levels of spent 

sorghum residue based diets. Continental 

Journal of Animal and Veterinary 

Research, 3(1), pp.16-21. 

https://doi.org/10.5281/zenodo.818046.  

Nigussu, F., Mengistu, U., Ajebu, N., & Getachew, 

A. 2019. Effects of Replacing Maize with 

Kocho in White Leghorn Layers Ration on Egg 

Production, Egg. East African Journal of 

Sciences, (13(1), 65-74. [Scholar Google] 

Niraj, K., Zinabu, N. B., Yohannes, T. A., & Etsay, 

K. 2014. Evaluation of Egg Quality Traits of 

Rhode Island Red and Bovans White Under 

Intensive Management in Mekelle, Ethiopia. 

IOSR Journal of Agriculture and Veterinary 

Science, 7(2), 71-75. doi: 10.9790/2380-

07227175. [Scholar Google] 

NRC. 1994. Nutrient requirements of poultry ( Ninth 

Revised Edition). Washington D.C. 

Obidimma, V., Madubukie, F., & Ekyenyme, B. 

2010.   Performance of Laying Hens Fed Diets 

Containing Varying Levels of Brewers Dried 

Grain as Energy Source. Journal of Agriculture 

and Food Science, 8, 37-42. [Scholar Google] 

Oke, O., Ladokun, A., & Onagbesan, O. M. 2014. 

Quality parameters of eggs from chickens 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Harms%2C+R.A.%2C+Rise%2C+G.B.%2C+Sloan%2C+D.R.+2000.+Performance+of+four+strains+of+commercial+layers+with+major+changes+in+dietary+energy.+Journal+of+Applied+Poultry+Research+9%3A+535-541.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Hasin%2C+B.+M.%2C+Ferdaus+A%2C+J.+M.%2C+Islam%2C+M.+A.%2C+%26+Uddin%2C+M.+J.+2006.+Marigold+and+Orange+Skin+as+Egg+Yolk+Color+Promoting+Agents.+International+Journal+of+Poultry+Science%2C+5+%2810%29.+doi%3A10.3923%2Fijps.2006.979.987.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Hasin%2C+B.+M.%2C+Ferdaus+A%2C+J.+M.%2C+Islam%2C+M.+A.%2C+%26+Uddin%2C+M.+J.+2006.+Marigold+and+Orange+Skin+as+Egg+Yolk+Color+Promoting+Agents.+International+Journal+of+Poultry+Science%2C+5+%2810%29.+doi%3A10.3923%2Fijps.2006.979.987.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Haugh%2C+R.R.+1937.+The+Haugh+Unit+for+Measuring+Egg+Quality+U.+S.+Egg+Poultry+Management%2C+43%3A+552-555.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Kevin%2C+A.%2C+Abasiekong%2C+S.+F.%2C+%26+Onwudike%2C+O.+2006.+Response+of+Weaner+Pigs+to+Diets+of+Different+Proportions+and+High+Levels+of+Palm+Kernel+Meal+and+Brewers+Dried+Grain+in+the+Humid+Tropics+K.U.+Amaefule%2C+S.N.+Ibe%2C+S.F.+Abasiekong+and+O.C.+Onwudike.+Pakistan+JournalofNutrition%2C5+%285%29.+doi%3A+DOI%3A10.3923%2Fpjn.2006.461.466.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Kevin%2C+A.%2C+Abasiekong%2C+S.+F.%2C+%26+Onwudike%2C+O.+2006.+Response+of+Weaner+Pigs+to+Diets+of+Different+Proportions+and+High+Levels+of+Palm+Kernel+Meal+and+Brewers+Dried+Grain+in+the+Humid+Tropics+K.U.+Amaefule%2C+S.N.+Ibe%2C+S.F.+Abasiekong+and+O.C.+Onwudike.+Pakistan+JournalofNutrition%2C5+%285%29.+doi%3A+DOI%3A10.3923%2Fpjn.2006.461.466.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Levic%2C+J.%2C+Olivera%2C+D.%2C+%26+Slavica%2C+S.+2010.+Use+of+new+feed+from+brewery+by-products+for+breeding+layers.+15%285%29%2C+5559-5565.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Leeson%2C+S.%2C+J.+D.+Summers+%26+Caston%2C+L.+J.+2001.+Response+of+Layers+to+Low+Nutrient+Density+Diets.+Journal+of+Applied+Poultry+Research%2C+10%2C+46%E2%80%9352&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Quality+Characteristics%2C+Phenotypic+correlations+and+Principal.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Mafeni%2C+M.%2C+%26+Fombad%2C+R.+2001.+Brewer%27s+Grain+from+Cameroon+Brewery+in+Breeder+Chicken+Rations+%3A+Effect+on+Productive+and+Reproductive+Performance%2C.+Journal+of+Tropicultura%2C+19+%282%29%2C+61-64.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Melesse%2C+A.%2C+Steingass%2C+H.%2C+Boguhn%2C+J.%2C+%26+Rodehutscord%2C+M.+2013.+In+vitro+fermentation+characteristics+and+effective+utilisable+crude+protein+in+leaves+and+green+pods+of+Moringa+stenopetala+and+Moringa+oleifera+cultivated+at+low+and+mid-altitudes.+Journal+of+Animal+Phyisology+Animal+Nutrition%2C+97%283%29%2C+537-546.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Meseret%2C+G.%2C+Berhan%2C+T.%2C+%26+Tadelie%2C+D.+2012.+Effects+of+Replacing+Peanut+Seed+Cake+with+Brewery+Dried+Yeast+on+Laying+Performance%2C+Egg+Quality+and+Carcass+Characteristics+of+Rhode+Island+Red+Chicken.+International+Journal+of+PoultryScience%2C11%281%29%2C6572.doi%3A10.3923%2Fijps.2012.65.72.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Mussatto%2C+S.+I.%2C+Dragone%2C+G.%2C+%26+Roberto%2C+I.+C.+2006.+Brewers%E2%80%99+spent+grain%3A+generation%2C+characteristics+and+potential+applications.+J+Cereal+Sci%2C+43+%281%29%2C+1-14&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Naulia%2C+U.%2C+%26+k%2C+S.+Singh+2002.+Effect+of+Substitution+of+Groundnut+with+Soybean+Meal+at+Varying+Fish+Meal+and+Protein+Levels+on+Performance+and+Egg+Quality+of+Layer+Chickens.+Asian+Australasian+Journal+of+Animal+Sciences%2C15%2811%29%2C+1617-1621.+doi%3ADOI%3A10.5713%2Fajas.2002.1617.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Naulia%2C+U.%2C+%26+k%2C+S.+Singh+2002.+Effect+of+Substitution+of+Groundnut+with+Soybean+Meal+at+Varying+Fish+Meal+and+Protein+Levels+on+Performance+and+Egg+Quality+of+Layer+Chickens.+Asian+Australasian+Journal+of+Animal+Sciences%2C15%2811%29%2C+1617-1621.+doi%3ADOI%3A10.5713%2Fajas.2002.1617.+&btnG=
https://doi.org/10.5281/zenodo.818046
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Nigussu%2C+F.%2C+Mengistu%2C+U.%2C+Ajebu%2C+N.%2C+%26+Getachew%2C+A.+2019.+Effects+of+Replacing+Maize+with+Kocho+in+White+Leghorn+Layers+Ration+on+Egg+Production%2C+Egg.+East+African+Journal+of+Sciences+%2813%281%29%2C+65-74.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Niraj%2C+K.%2C+Zinabu%2C+N.+B.%2C+Yohannes%2C+T.+A.%2C+%26+Etsay%2C+K.+2014.+Evaluation+of+Egg+Quality+Traits+of+Rhode+Island+Red+and+Bovans+White+Under+Intensive+Management+in+Mekelle%2C+Ethiopia.+IOSR+Journal+of+Agriculture+and+Veterinary+Science%2C+7%282%29%2C71-75.+doi%3A+10.9790%2F2380-07227175&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Obidimma%2C+V.%2C+Madubukie%2C+F.%2C+%26+Ekyenyme%2C+B.+2010.+++Performance+of+Laying+Hens+Fed+Diets+Containing+Varying+Levels+of+Brewers+Dried+Grain+as+Energy+Source.+Journal+of+Agriculture+and+Food+Science%2C+8%2C+37-42&btnG=


Journal of Science and Development, JSD Vol. 11 No. 1  2023 

 

36 | P a g e   Zelalem et al., JSD, 11(1) 2023 

reared in deep litter system with or without 

access to grass or legume pasture. Livestock 

Research for Rural Development, 26(11). 

[Scholar Google] 

Senbeta, E. K., Zeleke, N. A., & Molla, Y. G. 2015. 

Attitudes and Perceptions of Consumers to 

Chicken Egg Attributes in Eastern Ethiopia. 

Journal of animal production advances, 5(6), 

705710. doi:10.5455/japa.20150626043752. 

[Scholar Google] 

Sinha, B., Mandal, K.G. & Kumari, R. 2017. Effect 

of Egg Weight on Egg Quality Traits of Laying 

Hens. International Journal of Pure and Applied 

Bioscience. 5(3), 293-300. [Scholar Google] 

Swain, B. K., Prafulla, K. N., Eskath, C., & N, P. S. 

2012. Effect of feeding brewers’ dried grain on 

the performance and carcass characteristics of 

Vanaraja chicks. Journal of Applied Animal 

Research, 40(2), 163166. 

doi:10.1080/09712119.2011.645036. [Scholar 

Google] 

Tadesse, D., Esatu, W., Girma, M., & Dessie, T. 

2015. Comparative study on some egg quality 

traits of exotic chickens in different production 

systems in East Shewa, Ethiopia. African 

journal of agricultural resarch, 10(9), 

10161021.https://doi.org/10.5897/AJAR2014.

9373. [Scholar Google] 

Tekalegn, Y., Etalem, T., & Getinet, A. (2017). 

Poultry Feed Resources and Coping 

Mechanisms of Challenges in Sidama Zone, 

Southern Ethiopia. ISSN 2224-6088. [Scholar 

Google] 

Tikunesh Z., Ajebu N. & Aberra M. 2022. Effect of 

replacing soybean meal with brewery dried 

grain on growth performance, feed intake, 

carcass traits and blood hematology indices of 

Ross 308 broilers. Livestock Research for Rural 

Development 34 (10) 2022. [Scholar Google] 

Uchegbu, M. C., Herbert, U., Ogbuewu, I. P., 

Nwaodu, C. H., i Esonu, B. O., & Ikeli 

Udedibie, A. B. 2011. Performance and egg 

quality characteristics of layers fed diets 

containing combinations of brewers dried 

grains, jack bean and cassava root meal. 

Nigeria. [Scholar Google] 

Upton, M. 1979. Farm Management in Africa: The 

Principle of Production and Planning. Oxford, 

UK: Oxford University Press. 

Wiseman, M. O., & Price, R. L. 1987. 

Characterization of protein concentrates of 

jojoba. 64 (2), 91-93.  

Westendorf, M. L., Wohlt, J. E., Sniffen, C. J. & 

Ward, R. T., 2014. Nutrient content of brewers’ 

grains produced at a commercial brewery: 

Variation in protein/ nitrogen, fiber, 

carbohydrate, fat, and minerals. Professional 

Animal Scientist 30, 400-406. [Scholar Google] 

Yangtul, T, T., F. N. A. Odoi, I. Adam and E. 

Gyamera, 2013. Assessment of some 

performance and egg quality characteristics in 

Lohmann brown layers fed diets with varying 

of Palm Kernel Oil Residue (PKOR). IJAR. 

1(6):1-5. Available from: 

http://www.journalijar.com/uploads/2013-09 

03_104027_235.pdf. [Accessed 15072018].  

Yonas, K., Sandip, B., & Mestawet, T. 2019. Some 

internal and external egg quality characteristics 

of local and exotic chickens reared in Yirgalem 

and Hawassa towns, Ethiopia. International 

Journal of Livestock Production, 10(5), 135-

142. Retrieved from 

https://doi.org/10.5897/IJLP2018.0547. 

[Scholar Google] 

Zewdu, W., & Berhanu, T. 2014. The effect of 

feeding different levels of brewer dried grain 

yeast mixture on the performance of white 

leghorn chicks. International Journal of 

Livestock, 5(1), 1014. 

doi:10.5897/IJLP2013.0171. [Scholar Google] 

 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Oke%2C+O.%2C+Ladokun%2C+A.%2C+%26+Onagbesan%2C+O.+M.+2014.+%5BScholar+Google%5D+Quality+parameters+of+eggs+from+chickens+reared+in+deep+litter+system+with+or+without+access+to+grass+or+legume+pasture.+Livestock+Research+for+Rural+Development%2C+26%2811%29.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Senbeta%2C+E.+K.%2C+Zeleke%2C+N.+A.%2C+%26+Molla%2C+Y.+G.+2015.+Attitudes+and+Perceptions+of+Consumers+to+Chicken+Egg+Attributes+in+Eastern+Ethiopia.+Journal+of+animal+production+advances%2C+5%286%29%2C+705710.+doi%3A10.5455%2Fjapa.20150626043752&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Sinha%2C+B.%2C+Mandal%2C+K.G.+%26+Kumari%2C+R.+2017.+Effect+of+Egg+Weight+on+Egg+Quality+Traits+of+Laying+Hens.+International+Journal+of+Pure+and+Applied+Bioscience.+5%283%29%2C+293-300.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Swain%2C+B.+K.%2C+Prafulla%2C+K.+N.%2C+Eskath%2C+C.%2C+%26+N%2C+P.+S.+2012.+Effect+of+feeding+brewers%E2%80%99+dried+grain+on+the+performance+and+carcass+characteristics+of+Vanaraja+chicks.+Journal+of+Applied+Animal+Research%2C40%282%29%2C163166.doi%3A10.1080%2F09712119.2011.645036&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Swain%2C+B.+K.%2C+Prafulla%2C+K.+N.%2C+Eskath%2C+C.%2C+%26+N%2C+P.+S.+2012.+Effect+of+feeding+brewers%E2%80%99+dried+grain+on+the+performance+and+carcass+characteristics+of+Vanaraja+chicks.+Journal+of+Applied+Animal+Research%2C40%282%29%2C163166.doi%3A10.1080%2F09712119.2011.645036&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Tadesse%2C+D.%2C+Esatu%2C+W.%2C+Girma%2C+M.%2C+%26+Dessie%2C+T.+2015.+Comparative+study+on+some+egg+quality+traits+of+exotic+chickens+in+different+production+systems+in+East+Shewa%2C+Ethiopia.+African+journal+of+agricultural+resarch%2C+10%289%29%2C+10161021.https%3A%2F%2Fdoi.org%2F10.5897%2FAJAR2014&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Tekalegn%2C+Y.%2C+Etalem%2C+T.%2C+%26+Getinet%2C+A.+%282017%29.+Poultry+Feed+Resources+and+Coping+Mechanisms+of+Challenges+in+Sidama+Zone%2C+Southern+Ethiopia.+ISSN+2224-6088.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Tekalegn%2C+Y.%2C+Etalem%2C+T.%2C+%26+Getinet%2C+A.+%282017%29.+Poultry+Feed+Resources+and+Coping+Mechanisms+of+Challenges+in+Sidama+Zone%2C+Southern+Ethiopia.+ISSN+2224-6088.+&btnG=
https://www.lrrd.org/lrrd34/10/cont3410.html
https://www.lrrd.org/lrrd34/10/cont3410.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Tikunesh+Z.+%2C+Ajebu+N.+%26+Aberra+M.+2022.+Effect+of+replacing+soybean+meal+with+brewery+dried+grain+on+growth+performance%2C+feed+intake%2C+carcass+traits+and+blood+hematology+indices+of+Ross+308+broilers.+Livestock+Research+for+Rural+Development+34+%2810%29+2022.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Uchegbu%2C+M.+C.%2C+Herbert%2C+U.%2C+Ogbuewu%2C+I.+P.%2C+Nwaodu%2C+C.+H.%2C+i+Esonu%2C+B.+O.%2C+%26+Ikeli+Udedibie%2C+A.+B.+2011.+.Performance+and+egg+quality+characteristics+of+layers+fed+diets+containing+combinations+of+brewers+dried+grains%2C+jack+bean+and+cassava+root+meal.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Westendorf%2C+M.L.%2C+Wohlt%2C+J.E.%2C+Sniffen%2C+C.J.+%26+Ward%2C++R.T.%2C+2014.+Nutrient+content+of+brewers+grains+produced+at+a+commercial+brewery%3A+Variation+in+protein%2F+nitrogen%2C+fiber%2C+carbohydrate%2C+fat%2C+and+minerals.+Professional+Animal+Scientist+30%2C+400-406&btnG=
http://www.journalijar.com/uploads/2013-09
https://doi.org/10.5897/IJLP2018.0547
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Yonas%2C+K.%2C+Sandip%2C+B.%2C+%26+Mestawet%2C+T.+2019.+Some+internal+and+external+egg+quality+characteristics+of+local+and+exotic+chickens+reared+in+Yirgalem+and+Hawassa+towns%2C+Ethiopia.+International+Journal+of+Livestock+Production%2C+10%285%29%2C+135-142.+Retrieved+from+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C44&q=Zewedu%2C+W.%2C+%26+Berhanu%2C+T.+2014.+The+effect+of+feeding+different+levels+of+brewer+dried+grain+yeast+mixture+on+the+performance+of+white+leghorn+chicks.+International+Journal+of+Livestock%2C5%281%29%2C1014.doi%3A10.5897%2FIJLP2013.0171&btnG=

