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Abstract

Rising maize prices and increasing competition caused by rising human food demand are forcing poultry producers to seek alterna-
tive energy sources. Newly released grain sorghum varieties in western Ethiopia may serve as a viable substitute, but their effects
on laying hen performance and profitability need assessment. To assess the effects of replacing maize with a recently introduced
sorghum variety (Assosa-1) on feed intake, body weight change, feed conversion efficiency, egg production, egg quality, and eco-
nomic return in Bovans Brown laying hens. A 90-day feeding trial was conducted at Assosa Agricultural Research Station using
a Completely Randomized Design with three treatments (also called as trials) and three batches. A total of 180 Bovans Brown layers
of similar age and an average initial body weight of 1,678.35 g were randomly assigned to three diets: maize-based diet in the con-
trol group (T1), the group with diet based on sorghum Assosa-1 completely replacing maize (T2), and the group that received a diet
with 50 % maize and 50 % Assosa-1 (T3). Data were collected on dry matter intake, body weight, egg production performance, feed
efficiency, egg quality traits, and partial budget calculation. Dry matter intake and body weight change did not differ between the
groups T1 and T2. Hen-day egg production and feed conversion efficiency favored the sorghum diet (T2) over the control group.
Yolk weight was higher in the group T2, while albumen weight was highest in the group T3. Economic analysis showed that T2
provided the greatest financial return. The improved grain sorghum variety Assosa-1 can effectively replace maize in diets of Bovans
Brown layers without negative effects on feed intake, body weight, or egg quality, while improving egg production performance and
feed conversion efficiency. Using the locally released sorghum varieties as a maize substitute can reduce feed cost, improve profit-
ability, and support sustainable livestock and food production in maize-challenged regions.
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Introduction

The poultry sector has the potential to provide rela-
tively cheap animal-originated protein to the population
and improve nutritional status, create both rural and urban
employment, and generate income in the periods of eco-
nomic issues. In Ethiopia, the total chicken populations es-
timated to be about 56.06 million heads; among this quan-
tity, indigenous breeds account for 88.19 %, exotic 6.45 %,
and hybrid for 5.36 % [1]. Chicken food products, the most
widespread, play a crucial role in providing affordable ani-
mal protein for human consumption and can serve as cash
income for any rural family [2].

The major constraints of poultry production are insuf-
ficient availability of feed sources in terms of both their
quality and quantity, and the high cost of feed ingredients,
regardless of their production system or geographical lo-
cation. The rural poultry obtain their food by scavenging
in and around the homesteads. Their food source consists

of household wastes, anything edible found in the imme-
diate environment, together with a small amount of grain
supplements provided by the master’s household [3]. But
modern poultry production needs formulated feed based
on the availability of ingredients from the local area. Those
available feed resource bases and feeding modes in the lo-
cal area are defined to promote the rational use of the lo-
cally available feed resources.

The demand for energy and protein feedstuffs, and the
related high costs, particularly for the protein supplements,
is now a serious issue for poultry production. In Ethiopia,
in the past years, there appeared the private owners, youth,
and women’s groups organized by governmental and non-
governmental organizations have entered the poultry busi-
ness of medium and large scales. However, due to the lack
of formulated poultry feed, poor quality and quantity, feed
cost and its unavailability, those poultry farms are now out
of business. Specifically, in the last five years, due to the
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long transportation costs and security problems in West
Ethiopia, poultry production was highly affected.

In those areas, to solve feed-associated problems, iden-
tifying and formulating feed from locally available ingre-
dients for each chicken variety class is very important. The
major feed ingredients for poultry are maize and sorghum.
These two cereals are dominantly produced in West Ethio-
pia. Specifically, Benishangul Gumuz regional state, apart
from the area cultivated for sorghum, accounts for 31.79 %
of the region’s grain production [4]. Assosa Agricultural
Research Center developed and introduced the Assosa-1
sorghum variety in 2015. The variety was released through
the collection, characterization, and purification of land
races from West Ethiopia.

Cereal grains are the main energy source in poultry di-
ets, with maize commonly included at 50-70 % of the ration
due to its high energy content, low fibre level, good palat-
ability, and provision of natural pigments and essential fatty
acids [5]. However, the major problem with incorporating
maize into poultry feed in West Ethiopia is lower production
and the costs increases. So, replacing the productive and
available grain in the areas with something comparable is
very important for poultry producers. However, new variet-
ies of sorghum were introduced as poultry feed, yet they had
not been evaluated previously. Results show that in other
areas of Ethiopia, the newly released varieties of sorghum
prove to be a good source of energy for poultry as compared
to maize [6,7]. The success of sorghum substitution depends
on the specific sorghum variety being used [8]. In Ethiopia,
newly released sorghum is a promising substitute for maize
for poultry diets, as improved low-tannin varieties provide
high energy, adequate supply of crude protein, balanced es-
sential amino acids, essential vitamins and minerals while
reducing anti-nutritional tannin effects [6].

Moreover, in the western part of Ethiopia, there is no avai-
lability of a formulation of poultry feed from locally available
feed ingredients. The only source of formulated feed from
Addis Ababa, Ethiopia, has a high cost per quintal of feed
due to transportation costs. Therefore, to minimize the cost
of transport and feed, the research on locally available and
higher-quality ingredients is critically required. Focusing on
locally available feed ingredients, poultry farmers in West
Ethiopia can potentially reduce dependence on expensive
transported feed, develop more sustainable and cost-effective
feeding practices, and improve the health and productivity
of their chickens. So, the present study aims to determine
the nutritional value of egg-layers” diets formulated with the
newly released Assosa-1 sorghum variety and to develop the
best-cost rations for egg-layer chickens in the region.

Objects and methods

Description of the studied area

The feeding experiment was conducted in 2023/2024
at Assosa Agricultural Research Center in Benishangul
Gumuz Regional State, West Ethiopia. Assosa town is lo-

cated 670 km to the west from Addis Ababa. It is situ-
ated between 10°30’ N latitude and 034°20’ E longitude at
an altitude of 1565 meters above sea level. The minimum
mean temperature varies between 16.8°C and 20.6°C,
and the maximum mean temperature ranges from 27 °C
to 35.1°C. In the Midlands, both crop cultivation and
livestock production are mutually integrated, and pasto-
ralism is practiced in the lowland areas of the region. Ma-
jor crops grown include sorghum, maize, teff, soybean,
groundnut, finger millet, wheat, rice, and sesame. The
Assosa-1sorghum variety, released in May 2015 by the As-
sosa Agricultural Research Center in Ethiopia, is a high-
yielding cultivar adapted to the conditions of the lowland
humid areas. It features white seeds and has a flowering
period that starts within the period ranging from 138 to
144 days. On-farm average harvest yields for Assosa-1
range between 27.6 and 41.3 quintals per hectare [9]. Re-
search has shown that white sorghum varieties generally
possess minimal tannin content, with some varieties con-
taining as little as 0.02 % [10].

Experimental feed preparation

The Assosa-1 sorghum varieties were produced in the
Assosa Agricultural Research Center in collaboration with
the Assosa Agricultural Research Center crop breeder
team. The Noug seed cake (NSC) and Wheat Bran (WB)
were purchased from Assosa Farmers Multipurpose Co-
operative Union and Assosa private wheat milling and
processing factory, respectively. However, for this experi-
ment, the limestone and the egg-layer food premix were
purchased from Addis Ababa poultry feed suppliers. The
maize and soybeans were purchased from the Assosa area
local market. Whole soybeans were roasted with a tra-
ditional open-pan dry heat method adopted from An-
drade [11] to improve their nutritional value through the
inactivation of anti-nutritional factors such as trypsin in-
hibitors and lectins, which can impair protein digestion in
poultry. A clean, heavy-bottomed iron pan was preheat-
ed over an open flame. A single thin layer of whole soy-
beans was scattered over the pan to ensure uniform heat
distribution and to avoid overcrowding. The beans were
continuously stirred with a wooden paddle to prevent
charring or uneven roasting. Roasting continued for ap-
proximately 15-30 minutes, until the beans turned golden
brown and began to effuse a signature nutty aroma. Some
beans started to crack or pop, thus indicating completion
of the process. The roasted beans were then cooled at room
temperature, ground to a coarse meal with a hammer mill,
and admixed into the experimental diets. This process was
repeated in small batches to ensure consistent roasting and
avoid over-processing, which could reduce nutrient avail-
ability. All feed ingredients were ground before mixing
into the formulation to ensure uniform particle size and
improve nutrient digestibility for the egg-layers. Grinding
at a 4 mm sieve screen was carried out using the following
procedure described by Abdollahi et al. [12].
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Experimental diets

Three experimental poultry feeds were formulated: for
T1 (control group) based on maize, and the group T2 and
group T3 where the maize was substituted with Assosa-1, at
share of 100 %, and 50 %, respectively (Table 1).

Table 1. Proportion (%) of ingredients to be used in formulating
the experimental rations

Ingredients T1 T2 T3
Maize 44 0 22
Assosa-1 sorghum (100 %) 0 44 0
Assosa-1 sorghum (50 %) 0 0 22
RSB 15 15 15
NSC 17 17 17
WB 17 17 17
Layers premix 0.50 0.50 0.50
Lime 6 6 6
Salt (NaCl) 0.5 0.5 0.5
Total 100.00 100.00 100.00

Layers premix (0.5%) manufactured by INTRACO Ltd., the com-
pany added per kg: vit A=440000 lu, vit D=240000 lu, vit E=1000
mg, Vit K=90 mg, vit B1=60 mg, vit B2=240 mg, vit B3=400 mg,
vit B6 =200 mg, vit B12=0.8 mg, folic acid =40 mg, nicotinic acid, and
choline=1200 mg, chloride=14000 mg, biotin=4 mg; Trace elements
added per kg: iron=1800 mg, copper=600 mg, manganase =2400 mg,
zinc=2800 mg, iodium=80 mg, selenium=16 mg; Colorants added:
beta apo carotanic acid ethyl ester=100 mg, canthaxanthlne=160 mg;
Additives added: super antioxidant blend and phytase enzyme; Raw ma-
terials included: vegetalprotein, lysin, methionine, dicalciumphosphate,
salt, vitamin and mineral premix, antioxidant, RSB =Roasted soybean,
NSC=noug seed cake, WB = Wheat bran.

Experimental birds and management

A total of 180 Bovans Brown pullets with an average
initial body weight of 1,678.35 g and an age of 171 days
were used for the experiment. The pullets used in the
study were obtained from Assosa private chicken grow-
ers poultry farm. The experiment was conducted from
weeks 25th up to 37th. The pullets were vaccinated against
Newcastle, Gumboro, and Fowl Typhoid diseases using the
appropriate vaccine according to the manufacturer’s rec-
ommendation. Then the pullets come to the Assosa Ag-
ricultural Research Center poultry farm. Before placing
the hens into the experimental house, the experimental
pens, watering and feeding troughs, and laying nests were
thoroughly cleaned, disinfected, and sprayed against ex-
ternal parasites. Each pen was equal in size (1.32 m?) and
equipped with individual laying nests, covered with crop
straw. The hens were randomly divided into three dietary
trials groups in a completely randomized design (CRD).
Each group contained 3 batches of 20 hens each. Each
group received one of the experimental diets in Table 1. Af-
ter laboratory analysis of the nutrient composition of each
ingredient, the formulated rations were developed with
iso-caloric and iso-nitrogenous feed containing 16 % crude
protein (CP) and 2700 kcal/kg metabolizable energy (ME)
in dry matter (DM) during the egg-laying phase [13]. Be-
fore the actual data collection, the hens adapted to the diets
for 7 days. The experiment lasted for 12-week period of the
study, and the hens were also subjected to similar manage-

rial and sanitary conditions at the time of the experiment.
Feed and water were unobstructedly available at any time.

Data collection

Body weight change was measured using a sensitive
balance every week starting from 25 weeks of the hens’ age.
Weighed quantities of diets were given on an ad libitum
basis to the poultry, and the foods intakes were recorded
daily. The eggs were collected thrice daily at 8.00 a.m.,
13.00 p.m., and 17.00 p.m. The sum of the three collections
and the number of hens alive in each pen were recorded.
The rate of lay was expressed as the average percentage of
hen-day and hen-housed egg production based on the av-
erage values from each batch, following the method of Ja-
han [14] as follows:

% Hen-day egg production (HDEP) =

Number of egg collected 1)
= % 100,
Number of hens present that day

% Hen-housed egg production (HHEP) =
3 Sum daily egg quantity 100 (2)
~ Number of hens housed originally '

The egg mass was computed by multiplying the aver-
age egg weight by the quantity of eggs for each batch, as
described by Jahan [14].

Egg mass (g/hen/day) =

_ Total eggs produced in period X Mean egg weight (g) « (3)

Number of hens X days in period
Xx100.

Feed conversion efficiency (FCE) was determined by
dividing the egg weight by the weight of feed consumed
in dry matter.

FCE (egg g feed) =

Egg weight (g/hen/day) (4)
= - X 100.
Dry matter intake (g/hen/day)

Egg quality measurements

Sampling and sample size

Egg quality measurements were performed weekly
throughout the 12-week trial. From each batch (20 hens/batch),
four eggs per batch per week were randomly selected for
quality assessment (i.e., 12 eggs per trial per week). Eggs se-
lected for measurement were fresh (collected the same day)
and represented all collection times (8.00 a.m., 13.00 p.m.,
and 17.00 p.m.) to avoid bias due to diurnal lay patterns.

Handling and storage before analysis

Selected eggs were labeled with the trial data and
batch codes and stored at ambient laboratory temperature
(20-25°C) for no longer than 24 h before measurement to
avoid changes in albumen dimensions and weight due to
evaporation as per Bulut and Aygun [15].
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External measurements

Each egg was weighed with an approximation to the near-
est 0.01 g using an electronic analytical balance (WT10002G
(0.01 g Sensitive Balance), WANT Changzhou, China)
(readability 0.01 g) that was calibrated daily using certified
standard calibration weights before measurements were tak-
en. Egg length (L) and egg width (W) were measured using
a digital caliper (accuracy +0.01 mm). Length was measured
along the longitudinal axis from the blunt end to the pointed
end; width was measured across the maximum transverse
diameter perpendicular to the length.

Shape index
The egg shape index (SI) was calculated for each egg as:
Shape index (1) = 88 Wdth (mm) _ 50— )
Egg length (mm)

Eggs were classified according to Duman et al. [16]:
sharp (SI < 72), normal/standard (SI=72-76), and round
(SI > 76).

Shell weight and shell percentage

After external measurements, each egg was broken care-
fully on a clean surface. Shells (including shell membrane)
were separated, rinsed with distilled water to remove ad-
hering albumen, air dried for 2-3 hours at room tempera-
ture, and then weighed with approximation to the nearest
0.01 g using the laboratory balance WT10002G, WANT
Changzhou, China. Shell percentage was calculated as:

Shell weight (g) < 100 ©)

hell % = .
Shell % Sample egg weight (g)

External egg parameters were measured, including sam-
ple egg weight, egg length, egg width, and shell weight. The
egg length and width were measured using digital calipers,
and the shape index was calculated as the ratio of width to
length multiplied by 100. Four eggs were broken weekly from
each batch of the hens, and the egg contents were separated
into the yolk, albumen, shell, and its membrane. All the
parts were weighed using the laboratory balance WT10002G
(0.01 g Sensitive Balance), WANT Changzhou, China.

Separation and weighing of internal components

After breaking, the egg contents were poured into a clean
container, and the yolk was carefully separated from the
albumen by hand with gloved fingers. The yolk was blot-
ted lightly on filter paper to remove surface albumen and
weighed using the laboratory balance WT10002G, WANT
Changzhou, China. Albumen weight was obtained by sub-
tracting yolk + shell weight from the whole egg weight, or
by direct weighing of the albumen in a tare-weighed vessel.
Yolk and albumen percentages were calculated as:

Yolk o = Lo Weight (8) ;05 ()
Sample egg weight (g)
Albumen % = Albumen Welght (8) X 100. (8)
Sample egg weight (g)

221

Chemical analysis

Sub-samples were taken from the egg materials in trip-
licate for chemical analyses. The DM of the feed was deter-
mined by drying the samples at 65°C in a forced air oven
(BOV-T50F, Biobase, Shandong, China) until a constant
mass was achieved (AOAC, 1990)' at Assosa Agricultural
Research Center. After drying, the samples were ground
through a 1 mm screen (Thomas-Wiley mill) for chemi-
cal analyses, which were conducted at Assosa University
Animal Science Laboratory. The total nitrogen (N) con-
tent of the samples was determined by the Kjeldahl meth-
od (AOAC, 1990)}, and then crude protein (CP) content
was calculated as N x 6.25. The ash content of the samples
was determined by complete burning in a muffle furnace
(BWEF-12/07, Brother Furnace Co., China) at 600°C for 3
hours (AOAC, 1990)". The ether extract (EE) was measured
by extracting a known mass of dried feed with an organic
solvent (petroleum ether) that dissolves the lipid fraction.
Then the solvent was removed, and the residue (crude fat)
was weighed. The procedure follows standard Soxhlet ex-
traction techniques (AOAC, 2005)% Fiber analysis was
performed by the device Fibertec® (Tecator, Hoganas, Swe-
den) [17,18].

The metabolizable energy (ME) content of the feed
ingredients was also determined indirectly by the Wise-
man [19] formula.

ME (Kcal/kg DM) =3951+54.4EE - 88.7CF - 40.8Ash. (9)

Cost-benefit analysis

Partial budget analysis developed by Upton [20] was
applied to estimate the cost benefits of each trial ratio. The
market price of each feed ingredient was recorded at the
time of purchase, and the cost of the feed consumed by the
poultry was calculated by multiplying the ingredient cost
by the feed consumed. Total return (TR) value was calcu-
lated as the quantity of the total eggs produced multiplied
by the price of the egg at the Assosa area local market dur-
ing the experiment period. Net return was obtained from
the difference between feed cost and the eggs produced
and sold. Net return (NR) was calculated as the difference
between the total return (TR) and the total variable cost
(TVC), where the feed cost was considered the only vari-
able cost. The change in total variable cost (AT'VC) was de-
termined by subtracting the total feed cost of the control
diet from that of each Assosa-1 sorghum-based treatment.
Similarly, the change in total return (ATR) was calculated
as the difference between the total income generated from
each sorghum-based treatment and that of the control
treatment. The change in net return (ANR) was obtained
by subtracting the net return of the control treatment from
that of each sorghum-based treatment. The marginal rate
of return (MRR) was used to evaluate the additional net

1 AOAC International, 1990. Official Methods of Analysis of AOAC Inter-
national. The 18th ed. Gaithersburg, MD: AOAC International.

2 AOAC International, 2005. Official Methods of Analysis of AOAC Inter-
national. The 18th ed. Gaithersburg, MD: AOAC International.
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return obtained for each additional unit increase in vari-
able cost.

Net Return (NR) = Total Return (TR) -

— Total Variable Cost (TVC). (10)

ATVC= TVCtreatment - TVCcontrol' (11)

ATR = TRtreatment - TRcontrol' (12)

ANR = N. Rtreatment -N. Rcontrol' (13 )
ANR

MRR = . 14

ATVC (14)

Statistical analysis

The data were subjected to statistical analysis using R
software (R 4.1.1), following a one-way analysis of variance
procedure. When the F-test indicated significant effects of
the trials (P < 0.05), mean separation was performed us-
ing Fisher’s Least Significant Difference (LSD) test at the
5% probability level. Additionally, egg-laying trends were
visualized using ggplot2. The model used was as follows:

" (15)

where Y =represents a j™ observation (experimental unit) taken

under trial I; T;=feed effect; p=all means; e;=random error

Ylj=p+Ti+e

Ethical statement

The authors confirm that the ethical standards outlined
in the journal’s author guidelines have been fully adhered
to. Ethical approval for the animal experiment was obtained
from the Research Ethics Committee of Hawassa University,
Ethiopia. Although a formal approval number is not avail-
able, the study was conducted under the supervision of the
committee, and all procedures involving animal manage-
ment complied with institutional and international guide-
lines to ensure their welfare and minimize distress.

Results

Chemical composition

The protein content of the sorghum grain varieties was
higher than in maize (Table 2). The analysis indicates the
ether extract (EE) value of maize is greater than that of sor-
ghum grains, which shows that maize contains higher me-
tabolizable energy (ME). However, the higher content of
crude fiber (CF) in Assosa-1 sorghum explains its slightly
lower ME compared to maize.

Table 2. Chemical composition of the feed ingredients (% in DM)

DM (04
Maize 89.23 9.41
Sorghum (Assosa-1) 90.51 11.38
RSB 93.71 31.39
NSC 93.22 25.56
WB 91.75 14.58
T1 92.04 16.07
T2 92.08 16.81
T3 91.97 16.57

Egg production and feed conversion performance

Significant differences were observed in dry matter in-
take (DMI), hen day egg production (HDEP), feed conver-
sion efficiency (FCE), and egg weight among the egg-layers
fed with different diets. The DMI was higher in 100 % maize
and 100 % sorghum diets compared to the group that re-
ceived 50 % replacement. HDEP and egg weight were high-
est in the 100 % sorghum group. These results show a sig-
nificant performance advantage for the full sorghum diet
and an egg-laying performance decrease when sorghum
was only partially substituted. This suggests that diet uni-
formity and ingredient-specific nutrient interactions may
influence egg-laying performance.

The weekly trends in hen-housed egg production
(HHEP%) for the three dietary trials over the 12-week ex-
perimental period showed a clear divergence in egg pro-
duction patterns (Figure 1). The group T2 (100 % Assosa-1
sorghum) consistently maintained the highest HHEP val-
ues across nearly all weeks, starting strong in the first week
and sustaining a gradual upward trend, peaking midway
through the trial before stabilizing. The T1 (maize-fed
control group) showed intermediate HHEP throughout
the trial, with moderate fluctuations and a slightly declin-
ing trend toward the final weeks. However, the group T3
(50 % maize + 50 % Assosa-1 sorghum) showed the lowest
HHEP for most of the trials, with more pronounced week-
to-week variability and no sustained peak performance.
The T2 FCE matches or exceeds the top range reported
in Ethiopian-controlled trials. The advantage in the group
T2 may be due to the better amino acid digestibility in
Assosa-1 sorghum, stable feed intake, and absence of anti-
nutritional factors.

Hen-Housed Egg Production (%) Over Time

Treatment
- 1
- 2

=s:3

Hen-Housed Egg Production (%)
[=2]
o

o

20 40 60 80
Day

Figure 1. Hen-housed egg production (HHEP)
expressed as a percentage

EE Ash CF ME (Kcal/kg DM)
8.84 6.68 8.35 3418.16
3.95 8.22 12.61 2711.69
17.71 12.17 9.08 3612.32
4.48 14.63 28.93 1031.62
2.79 11.18 24.40 1481.51
5.84 16.18 8.46 2737.45
6.43 14.28 9.57 2725.55
5.35 15.96 7.03 2745.74

DM =dry matter, CP = crude protein, EE=ether extract, CF=crude fiber, RSB =roasted soybean meal, and NSC=noug seed cake, WB =wheat bran,
T1=maize based, T2 =100 % maize replaced by sorghum (Assosa-I variety), T3 =50 % maize replaced by sorghum (Assosa-I variety)
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Table 3. Egg-laying performance of Bovans Brown layers fed with rations containing a newly released sorghum variety by replacing

maize with 100 % and 50 %

T1 T2
DMI, g/hen/day 113.30% 113.52*
Initial BW, g 1662.58 1718.08
Final BW, g 1708.31 1769.43
Weight changes, g/day 45.73 51.35
HDEP, % 67.94° 73.47°
HHEP, % 67.03 72.84
Egg weight, g 57.87 58.27
Egg mass, g/hen/day 39.03° 42.78
FCE, egg/g feed 0.35" 0.38*
Mortality rate, % 2.00 —

abc

T3 SEM P-value
105.75Y 0.89 0.00
1654.37 25.26 0.55
1723.95 24.35 0.15

69.58 26.40 0.35
64.11¢ 0.61 0.00
61.69 2.03 0.076
58.12 0.29 0.38
35.67¢ 0.37 0.00
0.34° 0.004 0.005
4.00 — —

means in the same row without common superscript differ at p<0.05, BW =body weight, HDEP =hen day egg production, DMI = dry matter intake,

T1=maize based, T2 =100 % maize replaced by Sorghum (Assosa-1 variety), T3 =50 % maize replaced by sorghum (Assosa-1 variety)

Weight change was not significant among the trials
groups. Mortality rates remained within normal limits, al-
though higher in the 50 % sorghum-fed group.

Egg quality

The 100% sorghum-fed group showed higher yolk
weights, and the 50 % maize-replaced fed group featured
the highest albumen weight. No significant differences
were observed in eggshell weight or overall egg weight. Egg
shape index was highest in the 100 % sorghum-fed group,
falling within the range of round eggs.

Partial budget analysis

Sorghum-based diets reduced feed costs compared to
maize-based ones. Net return was highest in the 100%
sorghum-fed group (26885 Ethiopian Birr), followed by

the maize-fed group (23246 Birr), and lowest in the 50 %
maize-replaced fed group (21147 Birr). The marginal rate
of return showed better profitability with full substitution
of maize with sorghum.

Discussion

The present study validates the potential of the newly
released Assosa-1 sorghum variety to fully replace maize
in layer diets without compromising dry matter intake,
egg production, feed conversion efficiency, or egg qual-
ity. The proximate analysis (Table 2) showed that Assosa-1
sorghum featured higher crude protein but lower ether
extract and metabolizable energy compared to maize. The
higher CP content supports its potential as a protein-rich
energy source for egg-layers, which comes in agreement

Table 4. Egg quality from hens fed the newly released sorghum variety

T1 T2
Sample egg weight, g 60.29 60.68
Eggshell, % 9.77 9.73
Egg yolk, % 26.13° 28.02°
Albumen, % 57.29 57.23°
Egg length, mm 5.68* 5,54
Egg width, mm 4.35 4.35
Shape index 76.16 78.71°

T1=maize based, T2 =100 % maize replaced by sorghum (Assosa-1I variety), T3 =50 % maize replaced by sorghum (Assosa-1 variety)

Table 5. Economics of feeding Assosa-1 (100 and 50 %) to Bovans Brown as a replacement for maize

Total feed consumed/ treatment, kg
Total feed cost/ treatment, Birr
Total variable cost/ treatment, Birr
ATVC, Birr

TOTAL REVENUE

Total eggs produced (No.)/ treatment
Total return (TR), Birr

ATR, Birr

Net return (NR), Birr

ANR, Birr

MRR, %

T3 SEM P-value
60.60 0.41 0.92
10.21 0.33 0.28
26.70° 0.61 0.009
61.19 1.55 0.02
5.58" 0.02 0.01
4.35 0.01 1.00

78.07° 0.34 0.03
T1 T2 T3
571.03 572.14 532.98
18045.78 18079 16832.95
18045.78 18079 16832.95

— 33.22 -1212.83
3441 3747 3165
41292 44964 37980

— 3672 -3312
23246 26885 21147

— 3639 -2099

— 10948 173

ATVC=change in total variable cost; ATR=change in total return; NR=net return; ANR=change in net return; MRR =marginal rate of return;
Birr = Ethiopia’s unit of currency: US 1.00 =birr 56.00; Egg sale =12 birr/egg. T1=maize based, T2 =100 % maize replaced with sorghum (Assosa-1I vari-

ety), T3 =50 % maize replaced with sorghum (Assosa-1 variety)
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with earlier reports on improved sorghum varieties [6,21].
A study showed that sorghum contains less fat than maize
and provides approximately 90 to 100 % of the metaboliz-
able energy of maize, with energy value also influenced by
tannin content, starch digestibility level, and cultivar dif-
ferences [22]. Sorghum also contained more crude fiber
(12.61%) than maize (8.35%), which, while potentially af-
fecting digestibility, which still remained within acceptable
limits for layer diets.

Dry matter intake was similar between the groups T1
and T2, indicating that feed palatability was not adversely
affected by full sorghum inclusion. However, the group T3
recorded lower feed intake and poorer performance. In
line with this study, feeding sorghum under certain feeding
systems reduced egg production and altered feed intake in
egg-laying hens. However, the effect was linked to feeding
strategy and energy level rather than simply a 50 % maize
replacement [23]. The comparable body weight changes
among the treatments indicate that observed performance
differences were not caused by live weight variation.

Laying performance results (Table 3) indicated that
hens fed with the 100% Assosa-1 sorghum diet (T2)
achieved the highest hen-day egg production (73.47 %),
egg weight (42.78 g/hen/day), and feed conversion effi-
ciency (0.38), significantly outperforming both the maize-
based-fed control group (T1) and the group fed with 50 %
maize replaced diet (T3). The superior performance of the
group T2 suggests that full substitution with Assosa-1 sor-
ghum can provide adequate energy and protein to sustain
high productivity, consistent with findings by [6] and [24]
that properly selected low-tannin sorghum varieties can
successfully replace maize in egg-layer diets without com-
promising laying performance, nutrients digestibility, or
egg quality.

The enhanced FCE in the group T2 may be attributed
to better amino acid digestibility and the absence of anti-
nutritional factors in Assosa-1, as reported by [10].

Egg quality parameters (Table 4) showed that hens fed
with 100 % Assosa-1 sorghum diet (T2) produced eggs with
significantly higher yolk percentage (28.02 %) and a great-
er shape index (78.71) compared to the maize-based con-
trol group (T1). The increased yolk proportion in T2 aligns
with previous findings by Abera et al. [6], who reported
enhanced yolk deposition in layers fed sorghum-based di-
ets, potentially due to improved amino acid utilization and
balanced energy-to-protein ratios.

In contrast, the group fed with 50 % maize replaced diet
(T3) yielded the highest albumen percentage (61.19 %),
which may be associated with altered nutrient partition-
ing when both maize and sorghum are combined. No sig-
nificant differences were recorded for eggshell percentage,
egg weight, or egg width across treatments, thus indicating
that replacing maize with sorghum did not negatively af-
fect shell quality or overall egg size. A study by Ochieng et

al. [25] showed that 50 % and 100 % replacement of maize
with low-tannin sorghum maintained egg weight and
physical egg quality.

The observed shape indices in the groups T2 and T3
fall within the “round” category [16], which is generally
preferred for eggs handling and packaging. These results
suggest that complete maize replacement with Assosa-I
sorghum can enhance certain internal quality traits, par-
ticularly yolk proportion, without compromising shell in-
tegrity or egg size, thereby maintaining market acceptabil-
ity of these eggs.

Economic evaluation (Table 5) revealed that the 100 %
Assosa-1 sorghum-based diet (T2) achieved the highest
net return (26,885 Ethiopian Birr) and a marginal rate of
return (MRR) of 10.948 %, thus indicating superior prof-
itability over the maize-based control diet for the group
(T1) and the 50 % replacement diet (T3). The higher re-
turns in the group T2 were driven by increased egg pro-
duction and comparable feed costs, demonstrating that
full maize substitution with sorghum can improve eco-
nomic efficiency. In contrast, the eggs of the group T3
generated the lowest net return (21,147 Birr) and MRR
(173 %), largely due to reduced egg output despite lower
feed costs. These findings align with Gebeyew et al. [26],
who reported that using locally available cereals like sor-
ghum can reduce production costs and enhance profit-
ability in broiler production.

The overall results confirm that complete maize re-
placement with Assosa-1 sorghum can improve egg pro-
duction efficiency while maintaining feed intake and body
weight, thus supporting its potential as a sustainable and
cost-effective energy source for egg-layers.

Conclusions

The present study demonstrated that replacing maize
with the newly released Assosa-1 sorghum variety in the
diets of Bovans Brown laying hens had no adverse ef-
fects on feed intake, body weight, egg weight, egg quality,
or mortality. Hens fed the 100 % Assosa-1 sorghum diet
exhibited higher hen-day egg production, greater egg
mass, and improved feed conversion efficiency compared
with those fed the maize-based diet. Furthermore, the
use of Assosa-1 sorghum reduced feed costs and resulted
in a higher net economic return than the conventional
maize-based diet. These findings indicate that the newly
released Assosa-1sorghum variety can completely replace
maize as the primary dietary energy source in layer diets
without compromising productive performance or egg
quality while improving the profitability of egg produc-
tion. Therefore, the use of Assosa-I sorghum provides
a practical and cost-effective alternative to maize for
poultry feed formulation, particularly in West Ethiopia,
where sorghum is readily available and maize is relatively
expensive.

224



10.

11.

12.

13.

Tarekegn | THEORY AND PRACTICE OF MEAT PROCESSING, 2026, vol. 11, no. 3, pp. 218-226

REFERENCE

Central Statistical Agency (CSA) (2017) Federal Democratic
Republic of Ethiopia: Agricultural Sample Survey 2016/17
Volume-2: Report on Livestock and Livestock Characteris-
tics (Private Peasant Holdings). Statistical Bulletin No. 585,
Central Statistical Agency, Addis Ababa. Ethiopia.

Tamir, S., Moges, Y., Tilahun, H., Hile, M. (2015). Determi-
nants of adoption of exotic poultry breeds among small-
holder poultry producers in North Western Amahara Re-
gion, Ethiopia. Global Journal of Agricultural Economics and
Econometrics, 3(6), 162-168.

Mebhari, K. (2016). Poultry production systems and their feed
resources in Ethiopia: A research review. Scientific Journal of
Animal Science, 5(2), 220-227.

Legesse, T., Demelash, H., Seyoum, A. (2019). Participatory
variety selection for enhanced promotion and adoption of
improved sorghum [Sorghum bicolor (L.) Moench] variet-
ies for the humid lowland of Assosa Zone, Western Ethiopia.
Scientific Research and Reviews, 12, Article 104.

Mossie, T., Biratu, K., Endale, T. (2025). Effect of feeding
quality protein maize (Zea mays L.) on egg production and
quality in Bovans Brown layers. Cogent Food and Agriculture,
11(1), Article 2588879.
https://doi.org/10.1080/23311932.2025.2588879

Abera, G., Urge, M., Girma, M. (2020). Effects of replacing
maize with different sorghum varieties on laying perfor-
mance and egg quality of white Leghorn hens. Livestock Re-
search for Rural Development, 32(11), Article 170.

Mohamed, A., Urge, M., Gebeyew, K. (2015). Effects of re-
placing maize with sorghum on growth and feed efficiency of
commercial broiler chicken. Veterinary Science and Technol-
ogy, 6(3), Artickl 1000224.
https://doi.org/10.4172/2157-7579.1000224

Kurbonov, M., Khaitov, R. (March 29-31, 2023). Sorghum as
a substitute for corn in poultry feed. VIII International Con-
ference on Advanced Agritechnologies, Environmental Engi-
neering and Sustainable Development (AGRITECH-VIIII —
2023). Russia, Krasnoyarsk, 2023.
https://doi.org/10.1051/e3sconf/202339002025

Ayana, ET., Tolosa, M. (2024). Effect of productive tillers
on seed yield and seed quality of sorghum (Sorghum bicol-
or L.) varieties in Assosa District, Western Ethiopia. Amer-
ican Journal of Bioscience and Bioengineering, 12(3), 40-47.
https://doi.org/10.11648 /j.bio. 20241203.11

Mahmood, S., Ali, H., Ahmad, E, Igbal, Z. (2014). Estima-
tion of tannins in different sorghum varieties and their effects
on nutrient digestibility and absorption of some minerals in
caged white leghorn layers. International Journal of Agricul-
ture and Biology, 16(1), 217-221.

Andrade, J. C., Mandarino, J. M. G., Kurozawa, L. E., Ida,
E. L. (2016). The effect of thermal treatment of whole soy-
bean flour on the conversion of isoflavones and inactiva-
tion of trypsin inhibitors. Food Chemistry, 194, 1095-1101.
https://doi.org/10.1016/j.foodchem.2015.08.115

Abdollahi, M.R., Ravindran, V., Svihus, B. (2013). Pelleting
of broiler diets: An overview with emphasis on pellet qual-
ity and nutritional value. Animal Feed Science and Technol-
ogy, 179(1-4), 1-23.
https://doi.org/10.1016/j.anifeedsci.2012.10.011

Ismail, ES.A., Hayam, M.A., Abo, E.-M., Rabie, M.H., Aswad,
A.Q. (2015). Productive performance of Bovans white laying

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

225

hens fed high nutrient density diets under Egyptian summer
conditions. Asian Journal of Animal and Veterinary Advances,
10(12), 865-874. https://doi.org/10.3923/ajava.2015.865.874
Jahan, A. A, Dao, T. H., Morgan, N. K., Crowley, T. M., Moss,
A. F. (2024). Effects of AM/PM diets on laying performance,
egg quality, and nutrient utilisation in free-range laying hens.
Applied Sciences, 14(5), Article 2163.
https://doi.org/10.3390/app14052163

Bulut, C., Aygiin, A. (2023). The effect of different layer gen-
otypes raised in the Free-range system on egg quality stor-
age at different temperatures. Poultry Studies, 20(2), 42-51.
http://doi.org/10.34233/jpr.1408022

Duman, M., Sekeroglu, A., Yildirim, A., Eleroglu, H.A.,
Camci, O. (2016). Relation between egg shape index and egg
quality characteristics. European Poultry Science, 80, 1-9.
Van Soest, PJ., Wine, R.H. (1967). Use of detergents in the
analysis of fibrous feeds. IV. Determination of plant cell-wall
constituents. Journal of the Association of Official Analytical
Chemists, 50(1), 50-55. https://doi.org/10.1093/jaoac/50.1.50
Van Soest, PJ. (1963). Ruminant fat metabolism with partic-
ular reference to factors affecting low milk fat and feed ef-
ficiency. A review. Journal of Dairy Science, 46(3), 204-216.
https://doi.org/10.3168/jds.S0022-0302(63)89008-6
Wiseman, J. (Ed.). (2013). Feeding of Non-Ruminant Live-
stock. Elsevier, Oxford, UK, 2013.
https://doi.org/10.1016/C2013-0-00782-7

Upton, M. (1973). Farm management in Africa: The princi-
ples of production and planning. London: Oxford University
Press, 1973.

Winarti, C., Widaningrum, Widayanti, S.M., Setyawan, N.,
Qanytah, Suryana, E.A. et al. (2023). Nutrient composition
of Indonesian specialty cereals: Rice, corn, and sorghum as
alternatives to combat malnutrition. Preventive Nutrition and
Food Science, 28(4), 471-480.
https://doi.org/10.3746/pnt.2023.28.4.471

Etuk, E. B, Ifeduba, A. V,, Okata, U. E., Chiaka, I., Okoli, If-
eanyi, C., Okeudo, N. J. et al. (2012). Nutrient composition
and feeding value of sorghum for livestock and poultry: A re-
view. Journal of Animal Science Advances, 2(6), 510-524.
Usman, H.B. (2020). Performance of laying hens fed maize
or sorghum based dites cointaining different energy levels
and feeding systems. Applied Tropical Agriculture, 25(2),
63-70.

Azizollahi, M., Ghasemi, H. A., Foroudi, F,, Hajkhodada-
di, I. (2024). Effect of guanidinoacetic acid on performance,
egg quality, yolk fatty acid composition, and nutrient di-
gestibility of aged laying hens fed diets with varying substi-
tution levels of corn with low-tannin sorghum. Poultry Sci-
ence, 103(2), Article 103297.
https://doi.org/10.1016/j.psj.2023.103297

Ochieng, B. A., Owino, W. O., Kinyuru, J. N., Mburu, J. N,,
Gicheha, M. G., Kabuage, L. (2018). Effect of low tannin sor-
ghum based feed on physical and nutritional quality of lay-
er chicken eggs. Journal of Food Research, 7(4), 94-106.
https://doi.org/10.5539/jfr.v7n4p94

Gebeyew, K., Mohamed, A., Urge, M. (2015). The effect of re-
placing maize with sorghum on carcass characteristics and
economic feasibility on commercial broiler chicken. Poultry,
Fish and Wildlife Science, 3(1), 1-5.
https://doi.org/10.4172/2375-446X.1000130



Tarekegn | THEORY AND PRACTICE OF MEAT PROCESSING, 2026, vol. 1, no. 3, pp. 218-226

AUTHOR INFORMATION

Alayu Tarekegn, Researcher, Assosa Agricultural Research Center, Ethiopian Institute of Agricultural Research. PO. Box 265,
Assosa, Ethiopia. E-mail: alayutarekegn68@gmail.com
ORCID: https://orcid.org/0000-0001-6736-5264

Completely prepared the manuscript and is responsible for plagiarism.

The author declares no conflict of interest.

226



