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Abstract. This research aimed to determine the comparison of types of battery materials
for laying hens, specifically bamboo and wire, on the welfare and production
performance of laying hens. The material for this research consisted of 100 laying hens
of the ISA Brown strain aged 54 weeks. The variables observed included livestock
welfare, which was assessed through behavioral aspects (eating, drinking, and resting),
while the production performance variables observed included HDP (Hen Day
Production), egg weight, egg mass, and FCR (Feed Conversion Ratio). The research
method employed an experimental approach using the T-test (independent sample). Two
treatments were used, each with 50 replications. The results of the research indicated
that the difference in treatment using T1 (bamboo battery materials) and T (wire battery
materials) affected livestock welfare and production performance. The research results
demonstrated that the behavior of bamboo batteries was considered better in terms of
livestock welfare because they were able to better prevent heat stress. In terms of
production performance, wire batteries exhibited higher Hen Day Production (HDP) and
were better at preventing disease than bamboo batteries. However, bamboo batteries had
a higher egg weight due to the frequency of feeding chickens being higher than wire
batteries. Improved sanitation management is necessary for batteries made from bamboo
because they tend to more easily become a medium for the growth of germs, lice, and
fungi, which can cause disease and result in decreased production performance.
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IINTRODUCTION

Currently, cage housing is regarded as a global main stream production system for
laying hens. However limited living space and confinement of birds in cage cause welfare
and health problem. Manupulable materials can reduce behavioral disorders. In cage
rearing, laying within five weeks old are constanly kept in metal cages without litter
platform and ramps can effectively promote locomotion and avoid disturbances when the
chick and pullets are resting (Van Den Brand et al., 2004; Xu et al., 2022)

The various cage materials utilized by farmers include wire, bamboo, and wood.
Factors that influence the selection of cage materials are price, durability, and availability
in the field. Bamboo and wire materials are generally chosen by farmers as materials for
making layer cages due to considerations of affordable prices and durability. Currently,
there is not a uniform approach to testing wire cages, which are a challenge because of
the minimal surface area and the wire tend to damage collection devices that work well
on other surfaces. Wire cages are most commonly used for poultry housing worldwide
(Appleby, 1998) Bamboo is a naturally available, fast growing and renewable resource.
Bamboo plants are found all over the world in tropical and non-tropical regions. Asia
pacific region is specifically rich in bamboo biodiversity. Due to high energy demand of
existing construction materials and scarcity of other naturally available materials like
wood, bamboo is a good alternative for construction (Fahim et al., 2022).

Different types of cage materials affect the comfort of laying hen and have an
impact on the laying hen production performance. This study aims to determine the

differences in cage materials on the welfare and production performance of laying hens.

THEORETICAL STUDY

Layer strain refers to chicken varieties with very fast growth and high egg
production capabilities. Some of the superior characteristics of layer strain were rapid
growth, the ability to produce eggs achieve 250-280 eggs/year with an average egg weight
of about 50-60 g, and efficient feed conversion achieving 2.2-2.5. Laying hens can be
categorized into two types, i.e. light and medium type (Hyline International, 2016).

Laying chickens are a type of chicken that is very efficient at producing eggs. This
chicken has good potential to cultivate because it is not complicated to care for, and can
produce quickly. The eggs produced by laying hens are very popular with the public as

an affordable source of nutrition. One of the laying hen strains that is often reared in
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Indonesia is the Isa Brown strain because it can produce up to 250-300 eggs per bird per
year (Yilmaz Dikmen et al., 2016) Battery laying hens are a cage system for use in raising
laying hens on a large scale. Farmers can make battery system cages for laying hens using
materials made of bamboo or wire (Merdana et al., 2022). Selection of the type of material
used in the construction of laying hen batteries is very important to ensure livestock
welfare and production performance.

Bamboo batteries have advantages including easier availability and very affordable
prices, so they can help reduce capital expenditure for laying hen breeders (Fahim et al.,
2022; Hasan et al., 2020). Bamboo batteries have the disadvantage of being a construction
material because they have relatively low resistance to pests, so they require extra
protection against pest attacks and have a lower lifespan than wire materials.

Wire batteries or what is often known as " wire mesh " is a material made from steel
wire woven to form a net. The advantage of wire is that it is resistant to weather, fungus,
and ectoparasitic pests, and has a fairly long serviceable, while the disadvantage of wire
is its relatively higher cost compared to bamboo.

When it comes to birds, their behavior is often linked to their level of welfare. This
can be interpreted that the behavior of birds can function as an indicator that reflects their
welfare because behavior has the potential to reflect the feelings and mental condition of
the bird (Pohle & Cheng, 2009; Yilmaz Dikmen et al., 2016).

The production performance of laying hens is also a key factor in the success of a
livestock business. Production performance includes Hen Day Egg Production (HDP),
egg weight, egg mass, and Feed Conversion Ratio (FCR) (Gerber, 2005). The influence
of the type of battery material on the production performance of laying hens needs to be
studied to ensure that the choice of battery material does not only pay attention to
livestock welfare but also does not reduce production efficiency.

Currently, there is debate regarding the type of material that is better to use in laying
hen batteries, whether bamboo or wire. The comparison of battery material types is
intended to find out which one is better for livestock welfare and the production

performance of laying hens.

RESEARCH METHODS
The research used 100 laying hens of the ISA Brown strain aged 54 weeks. The

choice of the 1S4 Brown strain as a type of livestock was made deliberately because this
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laying hen is widely known as a productive variety and is generally used as a choice in
the context of commercial farming. The choice of 54 weeks of age was also made
deliberately considering that at this point the chickens are approaching their culling period
and their productivity tends to decrease gradually (Management Guide Alternative
Production Systems 2, n.d.). This follows the opinion of (Olgun et al., 2007),the peak
production of laying hens occurs at the age of 28-30 weeks and then experiences a gradual
decline, reaching 65% of daily production at the age of 82 weeks. These chickens are
placed in battery cages made from two different types of materials, namely bamboo and
wire.

The battery cages used for laying hens have length x width x height dimensions of
35cm x 30cm x 30cm per plot. Each battery plot accommodates two laying hens. Feed
and water containers made from Parallon pipes split into two parts have been installed in
each battery compartment. The cage uses two different types of materials, namely bamboo
and wire. The roof of the cage is made of asbestos, while the base is made of wood.
Equipment used in the research included digital scales, thermometers, video recording
equipment, tripods, feed containers, drinkers, hoses, and egg trays. Apart from that,
supporting equipment such as calculators and cleaning equipment such as brooms and
shovels are also used. The feed ingredients used consist of corn, rice bran, and Cargill
SLC layer phase concentrate.

The feed used is self-mixing with a ration composition of 50% fine corn, 35%
Cargill SLC concentrate, and 15% rice bran, giving around 115 grams per head per day.
(Prasetyo et al., 2022) noted that standard feed consumption for laying hens during the
production period ranges from 110 to 120 grams per day. Food is provided twice a day,
in the morning at 07.00 WIB and the afternoon at 13.00 WIB, while drinking is provided
freely or ad libitum.

The research uses experimental methods with the T-test (independent sample t-test).
The following are the stages of the research method that will be carried out. Each group
will be given a different treatment, namely P 1: Use of bamboo material batteries and P
2: Use of wire material batteries. Measurement of Poultry Welfare: laying hen will be
evaluated by measuring behavioural aspects (time to eat, drink, and rest) (Anderson et al.,

2004; Appleby, 1998). with 2 treatments and 50 repetitions of laying hens which will be
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observed with a video recorder after feeding at noon at 13.00 WIB and repeated every
week.

Production Performance Measurement: The production performance of laying hens
will be measured using product parameters such as Hen Day Egg Production (HDP), egg
weight, egg mass, and Feed Conversion Ratio (FCR) with data collection carried out
every day.

The data that has been collected will be processed by applying the T-test method (t-
test independent sample) to test differences in livestock welfare and production

performance between the two types of battery materials.

RESULTS AND DISCUSSION

Data from research on poultry welfare through behavior from the influence of
bamboo and wire battery material types on laying hens of the ISA Brown strain including
eating, drinking and resting behavior are presented in Table 3.

Table 3. Results of analysis of the influence of bamboo and wire battery material on
poultry behavior.

Behavior (minutes/hour)

Battery materials Eating Drinking Resting
Battery Bamboo 19.3945.31 5.67+1.73 35.00+5.58
(n=200)

Battery Wire 17.7445.50 6.07+1.81 36.20+5.81
(n=200)

Sig. 0.003 0.026 0.037

Data from research on the performance of laying hens from the influence of the
type of bamboo and wire battery material on laying hens of the IS4 Brown strain include
Han Day Production (HDP), egg weight, egg mass and feed conversion (FCR) which are
presented in Table 4.

Table 4. Results of Analysis of the Effect of Bamboo and Wire Battery Material Types on
HDP Production Performance, Egg Weight, Egg Mass and FCR Material baterai
Performa Produksi

Treatment HDP (%) Egg Weight (g) Egg Mass (g) FCR
Bamboo battery 83.14+4.26 62,65+0,85 51.97+3.06 2.22+0,14
(n=28)

Wire battery 86,93+4.23 59,79+0,99 52.07+£2.95 2.2240.12
(n=28)

Sig. 0.002 0.001 0.902 0.870

Note: HDP=Hen Day Production, FCR=Feed Conversion
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Livestock welfare is based on behavior on bamboo and wire material batteries as
shown in Table 3. Eating behavior shows significant differences (P>0.05), Drinking
behavior shows significant differences (P>0.05) and resting practice shows significant
differences in results (P>0.05). The reason given for the obvious difference is that bamboo
material cages are believed to be better able to ward off exposure to solar heat because
the larger diameter prevents chickens from exposure to solar heat radiation and has
insulating properties (does not conduct heat). This follows the opinion of (Adriant et al.,
2019), who stated that bamboo is a potential insulation material because it has low thermal
conductivity. Bamboo has a much smaller thermal conductivity than wire material with a
value of 0.72 W/mK (Adriant et al., 2019; Fahim et al., 2022). Meanwhile, wire batteries
are conductors in (Agustina & Astuti, 2015) research, which states that iron wire has a high
level of conductivity with a value of 80 W/mK.

The iron wire will get hot when exposed to the hot sun so that the chicken cannot
release body heat into the battery medium and has a small diameter so that the chicken
can be exposed to direct exposure to the sun's heat. This follows the opinion of (NUGROHO
& WALUYO, 2021), who stated that during the day because of the hot sun, the wire will also
become hot. The comparison of Hen Day Production (HDP) can be seen from Table 4,
that the average HDP value in the treatments shows the order from largest to smallest,
namely P2 (86.93 +4.23) and P1 (83.14 £+ 4.26). Statistical analysis shows that there is a
significant difference (P<0.05) in the influence of different battery materials on Hen Day
Production (HDP).

The wire material battery treatment has a higher HDP value than the bamboo
material battery treatment. This is believed to be caused by the wire material which has
the advantage of a smaller wire diameter of only 2.7-3.4 mm so that the cage has good air
circulation and cleanliness. maintained, and dry conditions can prevent odors, moisture,
and mold growth. Good air circulation also makes the cage more sterile with minimal
pests, lice, and disease germs, so it can contribute to chicken health and optimize
production. Additionally, when battery cages are exposed to sunlight, the temperature of
the wires increases, which can help eliminate germs, bugs, and mold, causing the death
of these microorganisms. After spraying disinfectant, the wire material tends to be dry

and not damp, whereas the bamboo material, which absorbs water, will become stuffy
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when exposed to the heat of the sun, which can cause respiratory diseases so production
performance decreases.

Bamboo cages have a larger diameter, namely 3cm so that chicken droppings can
get stuck in the battery cross-section which can cause disease and eggs being exposed to
chicken droppings. The number of fleas in bamboo material cages is higher than fleas in
wire batteries (Wiguna, 2019). The type of cage for laying hens influences the number of
ectoparasites called gallinae. Bamboo cages showed higher levels, where all samples of
45 laying hens were positively infected with the ectoparasite Menopon gallinae for a total
of 933 ectoparasites. On the other hand, wire battery cages showed lower levels, with 42
chickens positively infected and 3 chickens negative, for a total of 550 ectoparasites.
Small pests really like places that are damp and not exposed to the sun. Small pests can
hide themselves in cracks or gaps around the chicken coop, especially in bamboo
batteries. These places provide a safe place to breed and avoid direct exposure to the
external environment. The presence of small fry can cause a decrease in the productivity
of laying hens by more than 25% (Barrow et al., 2021). Decreased chicken health due to
grasshopper bites facilitates pathogen attacks on their bodies, making chickens more
susceptible to bacterial or viral infections (Barrow et al., 2021; Dewi et al., 2023).

According to the (Barrow et al., 2021), preventing gourmands can be done by
keeping the coop and nest clean from chicken droppings, regulating air circulation,
ensuring sunlight can enter the coop, and maintaining the cleanliness and sanitation of the
coop. The disturbances caused by Ornithonyssus bursa need to be reduced, and one of
the common methods used by breeders is the use of synthetic insecticides. Synthetic
insecticides are toxic chemical compounds that are effective in dealing with destructive
insects such as grasshoppers(Dively et al., 2020; Ph & Note, 2023). Even though
insecticides themselves can quickly eradicate disease vectors, continued use of synthetic
insecticides can have negative impacts on human health and the environment (Yennie &
Elystia, 2013). Some of the adverse impacts that synthetic insecticides can cause include
resurgence, resistance, and potential environmental pollution (Hinz & Linke, 1998).
Comparison of egg weight based on data in Table 4, differences in battery materials show
a significant influence on egg weight with statistical test results showing significant
differences (P<0.05). The largest treatment means, respectively, were P1 (62.65 + 0.85)
and P2 (59.79 + 0.99).
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The difference between the standard weight of ISA Brown eggs and the treatment
was caused by the high cage temperature, reaching 36°C during the day, which caused
heat stress during the study. This finding is in line with the views of (Setiawati et al.,
2016a, 2016b), which states that temperature has a significant influence on production
performance and egg quality. High temperatures can harm chickens, affecting egg
production and quality. (Fadhlurrohman et al., 2021) added that chickens that
experience heat stress tend to produce eggs with a smaller weight and size. Elevated
temperature can also cause a decrease in ovarian weight and the number of follicles.

Cages made of bamboo material are considered more effective in preventing
exposure to solar heat because they have a larger diameter are insulating, and do not
conduct heat. In contrast, wire batteries are conductive and have a small diameter,
allowing chickens to be directly exposed to the sun's heat. This statement is in line with
the findings of (de Reu et al., 2009; Peri¢ et al., 2016), which states that environmental
temperature can affect the weight of chicken eggs.

Laying hens have better production performance in neutral temperatures, around
18°C to 28°C. Wind speed also influences chickens, where wind speed that is appropriate
to cage conditions can maintain cage temperature and reduce the risk of heat stress in
chickens, which in turn can increase egg productivity (Dameanti et al., 2020). (Setiawati
et al., 2016a) added that factors such as hen day production, feed consumption, and egg
mass can also influence egg weight. As the age of the chicken increases, the chicken's
body weight also influences the weight of the eggs produced.

Egg mass, also known as egg mass, is an indicator of daily production efficiency
which is calculated by dividing the total weight of eggs by the number of chicken
population. According to (Kleyn, 2013), when egg mass is high, egg production tends to
be high, and conversely, if egg mass decreases, egg production will also decrease. The
results showed that egg mass in battery cages made of bamboo and wire, as shown in
Table 4, showed no significant difference (P>0.05). The explanation for the non-
significant difference is that P1 has a higher HDP value, but a smaller egg weight, while
P2 has a lower HDP, but a larger egg weight so that the egg mass achieves relatively the
same results.

According to (Sudjarwo et al., 2022), the egg mass value for ISA Brown strain

laying hens aged 54 weeks should reach 59.7. The research results showed that the egg
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mass value at P1 was 51.97 + 3.06 and P2 was 52.07 + 2.95, which was a lower value
than the standard, the biggest factor was caused by heat stress. Keeping laying hens at a
cage air temperature that is higher than optimal requirements can cause stress in the
poultry due to heat stress (Tamzil, 2014). (Felver-Gant et al., 2012; Olgun et al., 2007)
added that hot and humid cage conditions can hurt livestock.

(Flachowsky, 1997; Sibbald & Slinger, 1963) stated that feed conversion is a
comparison between feed consumption and production, and the higher the feed
conversion value indicates the less efficient use of feed. In this study, feed conversion
(FCR) in battery cages with bamboo and wire materials, as seen in Table 4, shows the
average treatment results in sequence from the smallest to P2 (2.22 + 0.12) and P1 (2,
22+0.14). Statistical analysis showed that the differences were not significant (P>0.05).
Similarities in chicken strain, chicken age, and diet were considered as reasons for
nonsignificant differences. This is considered to affect the metabolic ability and
absorption of nutrients by the chicken's body, so feed conversion shows a higher figure
compared to the ISA Brown standard which should have an FCR of around 1.97 at 54-57
weeks of age (Utomo, 2018), whereas in the panel research Santosa et al. 2019, states that
the average FCR of battery cage laying hens at 56 weeks of age is 2.2.

The difference in FCR values between types of cage materials is influenced by
several factors including body weight growth, feeding management, feed consumption,
and the environment. According to (Vilarifio et al., 1996), the physical form of feed,
nutritional content in the ration, maintenance, stress, and gender also has a role in
influencing FCR. Strain and environmental factors also play a role in feed conversion
rates (Sharma et al., 2022). High feed conversion can be caused by high feed consumption
but results in low egg weight (Utomo, 2018). Conversely, a low feed conversion indicates
efficiency and economy in feed quality. (Kleyn, 2013; Muharlien et al., 2020) also stated
that the amount of feed consumed and the nutritional content in the feed are the main

factors that influence egg production.

CONCLUSIONS AND RECOMMENDATIONS
The results of the research can be concluded that the welfare of livestock based on
behavior (eating, drinking and resting) of bamboo batteries is considered better because

it can ward off heat stress better. The production performance of wire batteries shows that
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Hen Day Production (HDP) is higher and better at preventing ectoparasites than bamboo
batteries. Bamboo batteries have a higher egg weight because the chicken's feeding

frequency is higher than wire material batteries when heat stress occurs.
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