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Abstract

Background: Few literatures exist on the performance and cost implication of birds reared on different management
system. The cost benefit analysis of rearing Isa Brown layers on three different management systems was evaluated in a
9 (9)-week feeding trial. One hundred and forty-four (144) points of lay (19 weeks old) Isa-Brown chickens were
procured from a reputable farm in Osun state. The birds were placed on three (3) treatments (battery cage, deep litter,
and free range) of three (3) replicates and sixteen (16) birds per replicate in a completely randomized design. Birds
reared on conventional cages were arranged into three birds per cage unit. Birds on deep litter were kept on wood
shavings, in which perches, laying nests, feeders, and drinkers were provided. Hens on free range management system
were kept in a large area of land camped using planks and hexagonal wire mesh which was partitioned into various
replicates. Sheds were provided for the birds to protect them from harsh weather conditions, and perches, laying nests,
feeders, and drinkers were also provided. The birds on all the treatments (battery cage, deep litter and free range) were
given the same diet, and the study period lasted for sixty-five days. The weight gain per bird, percentage weight gain,
hen day production (HDP), egg mass index, and feed conversion ratio were determined. At the end of the experiment,
these records were used to evaluate economic indices.

Results: The result showed that only the feed intake and total feed intake were significantly (p < 0.05) influenced by
management systems in all the parameters measured for performance. The daily feed intake, total feed intake total cost of
feed consumed, quantity of egg produced per bird, revenue generated from eggs, production cost, net benefit, cost-benefit
ratio, and percentage cost of production were significantly (p < 0.05) influenced by management systems. Birds kept on
deep litter system recorded the highest (48.87) number of eggs produced. The cost of construction was recorded to be
highest in battery cage system while construction of free range facilities was at the minimum. Revenue generated from egg
sold was highest (₦1384.56) in deep litter system while free range recorded the least significant (p < 0.05) (₦1301.44)
value. Total cost of producing table eggs was significantly (p < 0.05) highest (₦2251.54) in battery cage, while free range
had the least (₦2074.88) cost of production. Free range birds recorded the highest (₦326.56) net benefit, while the least
(₦195.24) net benefit was obtained in battery cage.

Conclusion: It was therefore concluded that free range management system resulted into better profit margin and could
however be adopted by small scale farmers in rural areas willing to practice backyard poultry farming.
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Introduction
Poultry industry is highly essential to Nigerian economy
because it provides a good source of animal protein in
meat and eggs (Nmadu et al. 2014). Poultry sector in
Nigeria accounts for about 58.2% of overall livestock
production (Amos 2006), as it offers the nippiest profit
to investment expenditures in livestock production en-
terprise by its benefit of short generation interval, high
feed conversion ratio together with being one of the in-
expensive, easiest, and best sources of animal protein in
the country (Ojo 2002). Poultry production is the most
resourceful and profitable way of increasing the accessi-
bility to high quality protein food, as eggs are recognized
to provide the virtually a perfectly balanced food con-
taining all the essential amino acids, minerals, and vita-
mins (Branckeart et al. 2000). In the same vein, Ayinde
et al. (2012) reported that poultry industry is one of the
major sources of animal proteins in Nigeria.
Globally, battery cages are the major system of housing

laying hens (Horne and Achterbosch 2008; Leenstra et al.
2016 and Meseret 2016). This was because battery cages help
to reduce sanitary problems in poultry production, and it
helps to enhance labor effectiveness and space management.
Also, it enhances a reduction in aggression and cannibalism
among hens (Meseret 2016). But as good as battery cages
seems to be, they constitute welfare problem to laying birds
because they are barren, they restrict movement, prevent
many natural behaviors, and increase rates of osteoporosis in
hens (Meseret 2016). Due to the welfare problems consti-
tuted by battery cages, the European Union Council Direct-
ive 1999/74/EC (European Union Council Directive, 2012)
banned the use of conventional battery cages in the Euro-
pean Union. Similarly, RSPCA considered the use of
enriched cages as unacceptable and inhumane to the welfare
of the poultry birds; therefore, they suggest that alternative
methods such as barn, deep litter, and free range manage-
ment systems should be imbibed (RSPCA 2005). Writerstake
(2019) described deep litter system as the most popular in-
tensive system of rearing poultry in East Africa. In this sys-
tem of poultry production, birds are kept on the litter
throughout their lifecycle. The structures of the deep litter
system must include a large, well-ventilated house without
draught, feeders and drinkers should be provided for the
birds to eat and drink from comfortably, and perches and
laying nests should also be provided for laying birds (Writer-
stake 2019). Recently, due to welfare issues associated with
intensive poultry production through the use of battery
cages, the interest in free-range poultry farming has been re-
vived in the developed countries (Miao et al. 2005). Brambell
(1965) reported that, for the best production performance in
poultry, birds should be free from hunger, thirst, discomfort,
pain, injury, disease, fear, and distress and be able to express
normal behaviors. Free range method can be described as
the system of poultry rearing using moveable housing with

access to pasture (Poole 2008). In free-range systems, mov-
able houses or cages are used and are relocated frequently so
that chickens may have access to forages, seeds, and insects
outside of the house during daytime hours and in the even-
ing, the chickens come back to the shed prepared with the
cage, which would then be relocated to a new spot for new
foraging the following day (Damerow 2002).
As important as poultry is to Nigerian economy,

poultry industry is faced with certain constraints which
in turn caused many of the farmers to be forced out of
the enterprise. Such constraints facing poultry enterprise
include high cost of feed (Afolami et al. 2013), disease
management, poor or erratic power supply, poor man-
agement practices, lack of storage or processing facilities,
lack of technological know-how, and many more. Ayinde
et al. (2012) stated that the deterioration of commercial
poultry production has also been ascribed to the unavail-
ability of day-old chicks, poor quality feeds, and occa-
sionally insufficiency of the feed ingredients (especially
grains), and poor veterinary services, unavailability of
drugs and vaccines, and lack of capital for enlargement
are the major problems affecting poultry production in
Nigeria of which its primary production erupts from the
rural environment. Alexander (2004) noted that in many
developing countries including Nigeria, chickens are the
livestock most commonly owned by rural families. Due
to these constraints, the prices of meat and eggs are on
the high side, making it unaffordable for many average
Nigerians especially people in the rural area because of
the reduced production and purchasing power. The high
cost of animal protein has therefore led to the problem
of protein-calorie malnutrition in many of the children
from rural areas. Furthermore, Omololu (1999) revealed
that the effects of low protein intake in children result in
kwashiorkor, a form of protein-calorie malnutrition. It
was discovered that children who have suffered from
malnutrition may not attain the full expression of their
genetic potential. The long-term effects of malnutrition
are therefore a severe threat to human race (Burton and
Cooper 2007; Osei 2008).
This study, which was designed for backyard poultry

farmers, is therefore aimed at evaluating performance
and cost benefit of keeping layers on different manage-
ment systems (battery cage, deep litter, and free range)
by comparing the performance and profitability of free
range birds with the conventional methods.

Materials and methods
Study location
The field work of this study was carried out in Daeliza
Farms and laboratory of Daeliza Foods and Agricultural
Products located at Imuleke, Odo-Otin local government
of Osun State. Odo Otin is a local government area in
Osun State, Nigeria, and its headquarters are in the town
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of Okuku. It has an area of 294 km2 and a population of
134,110 as of the 2006 Nigerian census. The town is lo-
cated within Latitude 8° 01'' N and Longitude 4° 42′′ E.
The temperature typically varies from 64 to 92 °F. The
mean annual rainfall is 1800mm, and the rain period is bi-
modal with a short break in August (Weather Spark 2017)

Experimental birds arrangement and feeding
One hundred and forty-four (144) points of lay (19
weeks old) Isa-Brown chicken were procured from a
reputable farm in Osun state. The birds were placed on
three (3) treatments of three (3) replicates and sixteen
(16) birds per replicate in a completely randomized de-
sign. Birds reared on conventional cages were arranged
into three birds per cage unit. Birds on deep litter were
kept on wood shavings, in which perches, laying nests,
feeders, and drinkers were provided. Hens on free range
management system were kept in a large area of land
camped using plank wood and hexagonal wire mesh
which was partitioned into various replicates. Sheds were
provided for the birds to protect them from harsh wea-
ther conditions, and perches, laying nests, feeders, and
drinkers were also provided. The birds on all the treat-
ments (battery cage, deep litter, and free range) were
given the same diet (as shown in Table 1), and the study
period lasted for sixty-five days.

Data collection
The weight of the birds was taken at the beginning of
the experiment and at the end of each phase of the ex-
perimental period (3rd, 6th, and 9th weeks). The weight
gain per bird was calculated by subtracting the initial
weight of the bird from the final weight at the end of the
experimental period. Percentage weight gain was also
calculated by dividing the weight gain by the initial
weight multiplied by 100. A weighed quantity of feed
was given to the birds every morning, and the quantity
left over was collected and weighed to account for daily
feed intake. At the end of each day, the hen day produc-
tion (HDP) for each of the treatments was calculated by
dividing the total number of eggs produced per day by
the number of birds alive for that day, multiplied by 100.
Feed conversion ratio was calculated by dividing the
daily feed intake by the egg mass and multiplied by 100.
Egg mass index was calculated by multiplying the hen
day production with the egg weight. At the end of the
experiment, these records were used to evaluate eco-
nomic indices such as cost/kg feed, cost of total feed
consumed per bird, revenue from sales, net benefit, cost
benefit rati,o and cost of feed per bird in relation to total
variable costs. Cost of total feed consumed was calcu-
lated by multiplying total feed consumed in each treat-
ment with the cost/kg feed. The net benefit or profit
index was obtained as revenue less the production cost.
Cost-benefit ratio was obtained by dividing the net
benefit by the revenue (Belewu et al. 2018).

Statistical analysis
All data collected were subjected to analysis of variance
(ANOVA) using SPSS (2006) version 17, and the means
were separated using Duncan’s multiple range test
(Duncan 1955) of the same package.

Results
Performance of Isa Brown layers reared on three different
management systems
Table 2 showed the general performance of Isa Brown
layers reared on three different management systems. In
all the parameters measured, only the feed intake and
total feed intake were significantly (p < 0.05) influenced
by management systems. Highest (p > 0.05) values (0.16
and 9.41) of weight gain and percentage weight gain was
recorded in free range birds while birds on battery cage
and deep litter had values for weight gain that are statis-
tically (p > 0.05) similar. However, least (5.78) percent-
age weight gain was recorded in battery cage birds. Egg
weight reduced across the management systems with
battery cage having the highest (59.5) egg weight while
free range birds had the least value (55.78). Average egg
produced per bird, hen day production, and egg mass
index also reduced across the treatment with deep litter

Table 1 composition of the experimental diet

Ingredients Quantity

Maize 64.15

Wheat offal 5.30

Soybean meal 18.00

Limestone 8.50

Di calcium phosphate 1.32

Vegetable oil 1.70

Vitamin and mineral premix 0.50

Methionine 0.08

Lysine 0.05

Salt 0.40

Total 100

Calculated analysis

Metabolizable energy 2842.00

Crude protein (%) 15.43

Calcium (%) 3.63

Crude fiber (%) 5.25

Available phosphorus 0.39

Lysine 0.53

Methionine 0.31

Ether extract 2.38
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birds having the highest values (22.95, 76.51, and 44.45)
while free range birds recorded the least corresponding
values (21.52, 71.74, and 40.01). Birds kept in battery
cage recorded the highest (p < 0.05) values (114.83 and
7463.95) of average daily feed intake and total feed in-
take, while free range birds recorded the least (p < 0.05)
values (109.67 and 7128.55). Battery cage had the highest
(1.93) feed conversion ability, while free range birds dis-
played the least (1.97) feed conversion ability. Three
cases of cannibalism were recorded in battery cage birds
while no cannibalism case was recorded in birds on free
range management system. Mortality rate was also on
the peak in birds kept in battery cage while birds on
deep litter system recorded the least case of mortality.

Economy of production of Isa Brown layers on different
management systems
Table 3 revealed the economic analysis of rearing Isa
Brown layers on different management systems. The re-
sults of cost benefit analysis showed that the daily feed
intake, total feed intake, total cost of feed consumed,
quantity of egg produced per bird, revenue generated
from eggs, production cost, net benefit, cost-benefit ra-
tio, and percentage cost of production were significantly
(p < 0.05) influenced by management systems. Birds kept
in battery cage recorded the highest (p < 0.05) values
(114.83 g, 7.46 kg, and 970.34) for daily feed intake,
total feed intake, and total cost of feed consumed, while
those kept on free range recorded the least (109.67 g,

Table 2 Performance of Isa Brown layers reared on three different management systems

Parameters Battery cage Deep litter Free range p value

Initial weight (kg) 1.73 ± 0.02 1.71 ± 0.03 1.70 ± 0.01 0.73

Final weight (kg) 1.63 ± 0.06 1.61 ± 0.02 1.54 ± 0.02 0.185

Weight gain (kg) 0.10 ± 0.07 0.10 ± 0.05 0.16 ± 0.02 0.518

%Weight gain 5.78 ± 3.77 5.84 ± 2.74 9.41 ± 1.05 0.428

Egg weight (g) 59.50 ± 2.5 58.15 ± 2.16 55.78 ± 1.01 0.432

Average egg/day 22.14 ± 0.71 22.95 ± 0.78 21.52 ± 1.39 0.69

%Hen day production 73.79 ± 2.37 76.51 ± 2.60 71.74 ± 4.64 0.691

Egg mass index 43.91 ± 3.07 44.45 ± 0.82 40.01 ± 2.27 0.285

Daily feed intake (g) 114.83 ± 0.17a 114.00 ± 0.52a 109.67 ± 0.42b ˂ 0.001

Total feed intake (g) 7463.95 ± 1.2a 7410.00 ± 3.2a 7128.55 ± 2.2b ˂ 0.001

Feed conversion ratio 1.93 ± 0.08 1.96 ± 0.08 1.97 ± 0.03 0.945

Cannibalism 3.00 ± 0.40 1.00 ± 0.00 0.00 ± 0.00 ˂ 0.001

Mortality 4.00 ± 0.40 1.00 ± 0.00 2.00 ± 0.40 ˂ 0.001
a,bMeans within the same row with different superscripts are significantly different (P < 0.05)

Table 3 Economy of production of Isa Brown layers on different management systems

Parameters Battery cage Deep litter Free range p value

Cost/kg feed (₦) 130.00 ± 0.00 130.00 ± 0.00 130.00 ± 0.00 < 0.01

Daily feed intake (g) 114.83 ± 0.17a 114.00 ± 0.52a 109.67 ± 0.42b < 0.01

Total feed intake (kg) 7.46 ± 0.01a 7.41 ± 0.03a 7.13 ± 0.03b < 0.01

Total cost of feed consumed (₦) 970.34 ± 1.41a 963.30 ± 4.36a 926.68 ± 3.56b < 0.01

Quantity of egg produced/bird 47.53 ± 0.37b 48.87 ± 0.37a 45.93 ± 0.37c < 0.01

Crate of eggs produced/bird 1.58 ± 0.01b 1.63 ± 0.01a 1.53 ± 0.01c < 0.01

Cost of egg/crate (₦) 850.00 ± 0.00 850.00 ± 0.00 850.00 ± 0.00 < 0.01

Cost of layers (₦) 900.00 ± 0.00 900.00 ± 0.00 900.00 ± 0.00 < 0.01

Operational cost (₦) 104.20 ± 0.00 104.20 ± 0.00 104.20 ± 0.00 < 0.01

Cost of construction(₦) 277.00 ± 0.37a 222.00 ± 0.37b 144.00 ± 0.37c < 0.01

Revenue from eggs (₦) 1346.78 ± 10.35b 1384.56 ± 10.35a 1301.44 ± 10.35c < 0.01

Production cost (TVC) (₦) 2251.54 ± 1.64a 2189.5 ± 4.51b 2074.88 ± 3.81c < 0.01

Sales of spent birds (₦) 1100.00 ± 0.00 1100.00 ± 0.00 1100.00 ± 0.00 < 0.01

Net benefit/profitability index (₦) 195.24 ± 11.54b 295.06 ± 12.92 a 326.56 ± 13.3a 0.05

Cost-benefit ratio 0.14 ± 0.01c 0.21 ± 0.01b 0.25 ± 0.01a < 0.01
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7.13 kg, and ₦926.68) corresponding values. Birds kept on
deep litter system recorded the highest (48.87) number of
eggs produced while those on free range system had the
least (45.93) number. The cost of construction was recorded
to be highest in battery cage system while construction of
free range facilities was at the minimum. Revenue generated
from egg sold was highest (₦1384.56) in deep litter system
while free range recorded the least significant (p < 0.05)
(₦1301.44) value. Total cost of producing table eggs was
significantly (p < 0.05) highest (₦2251.54) in battery cage,
while free range had the least (₦2074.88) cost of production.
Free range birds recorded the highest (₦326.56) net benefit,
while the least (₦195.24) benefit was obtained in battery
cage. Cost-benefit ratio was significantly (p < 0.05) highest
(0.25) in free range system while the least value (0.14) was
obtained from battery cage system.
a, b, c = means within the same row with different

superscripts are significantly different (P < 0.05)

Discussion
Weight is also an important factor to consider in the
marketability of spent layers. Battery cage and deep litter
system have weight gain that are statistically (p > 0.05)
similar, while the highest weight gain was experienced in
birds kept on free range. This could be as a result of the
freedom of movement given to free range birds which
resulted into feeding distraction or partial concentration
on feeding but rather exploring the environment. The
results of this study are in agreement with that of Li
et al. (2017) and Wang et al. (2009) who indicated that
weight gain in free range and cage free systems was
lesser to that of birds kept in conventional cages. Battery
cage recorded the highest egg weight, and this is in line
with the findings of Voslářová et al. (2006) and Dukić-
Stojčić et al. (2009) who reported that markedly heavier
eggs were produced by caged layers. Contrary to the re-
ports of Leyendecker et al. (2001), Vlčková et al. (2014),
Lewko and Gornowicz (2011), Voslarova et al. (2006),
Van-Horne (1996), Muthusamy and Viswanathan (1998),
and Petek (1999) who reported that battery cage pro-
duced a higher number of eggs and a higher egg mass,
deep litter recorded the highest number of eggs per hen
per day, higher percentage of hen day production, and
egg mass index. Likewise, the results of this study also
negate that of Van Den Brand et al. (2004) who reported
higher egg production of layers in free range system. In
agreement to the reports of Li et al. (2017), birds on free
range system had the least daily and total feed intake,
while the highest daily and total feed intake was re-
corded in birds kept in battery cage. Battery cage birds,
however, recorded the best feed conversion ratio while
free range birds recorded the poorest feed conversion
ability which is in agreement with the findings of Ayinde
et al. (2012) and Li et al. (2017) who reported that

battery cage recorded the higher feed conversion effi-
ciency. Birds may suffer from certain vices (bad habits),
which become quite extensive right from the beginning,
and their eradication poses a big problem. These vices
may incur a huge loss to the poultry farmer. Some of the
important poultry vices are cannibalism, egg eating, egg
hiding, and pica. Three cases of cannibalism were re-
corded in battery cage system while free range recorded
no case of cannibalism. This might be as a result of cage
stress encountered as reported by Fiks-van et al. (2001).
Furthermore, it has been acknowledged that conventional
cages cause many welfare problems as reported by FAWC
(1997). Mortality rate was also higher in birds kept in bat-
tery cage system, while those on deep litter recorded the
least mortality.
Daily and total feed intake were significantly (p < 0.05)

influenced by management systems. Battery cage re-
corded the highest feed intake while birds on free range
recorded the least feed intake. This could be as a result
of exposing the birds to substrate in which they were
able to pick other materials from the soil. Free range
birds also have access to forages, insects, and other nu-
tritional matters thereby causing a reduction in feed in-
take, which in turn reduced the cost of feed incurred.
Although the quantity of eggs produced by free range
birds was lesser to other management systems, the re-
sults of the performance revealed that the hen day pro-
duction of free range birds falls within the accepted
range. Likewise, highest cost of construction was in-
curred in battery cage system, while free range birds re-
corded the least cost of construction which in turn
might increase its profitability to rural farmers engaged
in backyard poultry farming. Highest revenue generated
from selling eggs was recorded in deep litter system
followed by battery cage system, while free range birds
recorded the least generated revenue on egg sales. Total
variable cost was highest in battery cage system which
was due to high cost of construction, while free range
birds recorded the least cost of production. Net benefit
and cost-benefit ratio were recorded to be highest in
birds kept on free range system. This was as a result of
low cost of construction incurred in free range system
which resulted into high profit margin. The result of this
study is in partial agreement with that of Ayinde et al.
(2012) who reported that both battery cage and deep
litter system exhibited profitable egg production.

Conclusion
The performance characteristics (apart from daily and
total feed intake) were not significantly (p > 0.05) influ-
enced by management systems. Furthermore, economy
of production was significantly (p < 0.05) influenced by
management system. Cost of construction and total cost
of production was relatively low, while net benefit and
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cost-benefit ratio were significantly high in free range
management system. Based on the results of this study,
it was therefore concluded that free range management
system resulted into better profit margin and could
therefore be adopted by small scale farmers in rural
areas willing to practice backyard poultry farming.
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