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ABSTRACT: The research aims to examine the effect of differences in house length and
placement zones inside a closed house on the utilization of broiler chicken feed protein in the
dry season. The research material is 600 broiler chickens (strain cobb) divided into 20
experimental units and 2 closed houses with a length of 60 m with a capacity of 11,000 and a
length of 120 m with a capacity of 22,000. This research used a randomized block design with
a split-plot pattern and two factors. The main plot is closed house with length 60 and 120
meters, the subplot is the zone placement of chicken which are divided into 4 zones: zone 1 is
parallel to the inlet, zone 2 is measured at 1/4 of the house length, zone 3 is measured at 1/2
the house length, zone 4 is measured at 3/4 the house length from the inlet. The parameters
observed were protein digestibility, the protein efficiency ratio (PER), and nitrogen retention
(NR). Macroclimate, microclimate, and microclimatic ammonia observed as supporting data
and an overview of the research conditions. Longer house and placement zone of chicken
further from the inlet increase temperature, humidity, and microclimatic ammonia inside the
closed house. The results showed an interaction between the house length and placement zone
of chicken against NR. The housing length of 120 m and zone 4 was significantly (P≤0,05)
having lower protein digestibility, PER, and NR values. Protein digestibility began to decrease
significantly (P≤0,05) in zone 3, while PER and NR significantly decrease from zone 2. It
concludes that longer closed house and placement zones further from the inlet decrease the
ability of broilers to utilizing feed protein in the dry season.
Keywords: House length; Placement zones; Protein digestibility; PER; Nitrogen retention;
Broiler.
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INTRODUCTION
Closed house is closed ones equipped
with modern technology and are designed to
be able to regulate microclimates that are
suitable for chickens and provide quality air
by flowing hot air, releasing gases
(ammonia and carbon dioxide) that can be
used when repairing chickens (Metasari et
al., 2014). The microclimate conditions are
related to the macroclimate conditions,
meaning the difference in seasons
determines the microclimate conditions.
The dry season in Semarang in April
2017 has an average temperature of 32,27ºC,
while in April 2018 it increased by 2,9%
with average temperature reaching 33,23ºC
(BMKG, 2018). The size of a closed house
is directly proportional to the density,
capacity of chickens and microclimate
conditions, the longer and wider the size,
means that the more chicken population,
resulting in an increase in temperature,
humidity, wind speed and ammonia levels in
the closed house (Renata et al., 2018). The
placement or pen zone distribution system is
applied as a standard in the maintenance of
broiler chickens in a closed house, aimed at
leveling the distribution of feed and drinking
water and preventing the buildup of
chickens in certain places. However, the
system has an impact on microclimate
conditions and ammonia levels in the closed
house (Sarjana et al., 2018). Changes in
temperature, humidity, and ammonia levels
in the closed house that increase along with
the placement zone of chickens further from
the inlet in the dry season. Changes in
microclimate conditions were followed by
an increase in ammonia production from
1,57 to 6,22 ppm as the zone was farther
from the inlet (Renata et al., 2018).
Changes in microclimate conditions
lead to increased levels of ammonia in a
closed house (Nassem and King, 2018). This
increase will experience fluctuations in each
zone called microclimatic ammonia (Miles
et al., 2006) and is a source of stressors for
broiler chickens. The form of stressors in the
form of respiratory tract infections (Shi et
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al., 2019), failure of thermoregulation
(Tamzil, 2014) and followed by changes in
the ratio of heterophyll lymphocytes and the
number of leukocytes in the blood (Kusnadi
and Rahim, 2009; Sulaibah et al., 2019) are
problems that often occur in broiler
chickens. The change in H / L ratio is one
indicator of oxidative stress (Lin et al.,
2006) where there is a reactive element that
exceeds the capacity of antioxidant cells in
the chicken body (Akbarian et al., 2016).
Oxidative stress caused by changes in
ammonia microclimate and microclimatic
conditions in the closed house and different
chicken placement zones in the dry season
has an impact on decreased feed
consumption and metabolic response,
thereby affecting feed digestibility.
Decreased digestibility of broiler
chicken feed protein due to stress by 12 55% at temperatures of 21ºC - 32ºC
(Zuprizal et al., 1993; Puvaldolpirod and
Thaxton, 2000), because there is an
inhibition of the movement of the digestive
tract (Hai et al., 2000) and enzyme activity
protein digesters (Osman and Tanios, 1983),
besides effluent the secretion of various
hormones (Sugito et al., 2007) one of the
hormones associated with protein digestion
is T3, where the circulation of the T3
hormone (tri-iodothyronine hormone) in the
blood decreases (Tamzil, 2014). The
disruption of hormone secretion and enzyme
activity has an impact on the inhibition of
the process of absorption of feed protein,
resulting in a decrease in feed protein
efficiency by 4 - 10% and the growth rate of
broiler chickens (Brilianto et al., 2019;
Beker et al., 2004; Homidan et al., 2003). If
feed efficiency decreases, the PER value is
low due to reduced protein consumption and
broiler chicken body weight gain (Herdiana
et al., 2014). Nitrogen retention will also
decrease when protein consumption and
protein digestibility are not optimal
(Indrasari et al., 2014). This research aims to
examine the effect of differences in house
lengths and placement zones in a closed
house on the utilization of broiler chickens
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feed protein in the dry season. The benefit of
this research is to provide information about
the effect of different lengths and the
placement zones in the closed house on the
utilization of broiler chickens feed protein in
the dry season. The research hypothesis is
that the longer the house and the zone farther
from the inlet will reduce the level of
utilization of feed protein in broiler chickens
in the dry season.
MATERIALS AND METHODS
The research was done during the dry
season on two closed-house units, each
measuring 60 m x 12 m wide by 11,000
broilers and 120 m x 12 m wide by 22,000
broilers. The closed house model is negative
pressure where air moves in one direction,
entering through the inlet and exiting
through the outlet. Day Old Chicken (DOC)
unsexed broiler chickens, Cobb strains with

an average initial weight of 46,76 ± 2,83
grams. The commercial feed from PT.
Charoen
Pokphand
gave
during
maintenance (28 days) there are 3 types,
namely S-10 (0-10 days), S-11 (11-20 days),
and S-12 (21-28 days) with the nutrient
content presented in Table 1.
The study used a randomized block
design with split plot pattern, house length
as the main plot, and chicken placement
zone as a subplot. The treatment consists of
two factors, the first factor is the length of
the house (60 and 120 meters) and the
second factor is the placement zone of the
chicken in the house which is divided into 4
zones namely zone 1 parallel to the inlet,
zone 2 is measured at 1/4 the length of the
house from the inlet, zone 3 is measured at
1/2 the length of the house from the inlet,
zone 4 is measured at 3/4 length of the house
from the inlet.

Table 1. Proximate Analysis Results of the Diet Nutrient Content
Kandungan Nutrien
Feed types
Water
Crude
Crude
Crude
Calcium
Content Protein
Fat
Fiber
-----(%)----S-10
7,33
22,97
8,00
3,26
0,97
S-11
8,50
22,60
7,50
3,11
0,90
S-12
9,17
22,38
7,00
3,05
0,82

Phosphor
0,72
0,66
0,50

Metabolic
Energy*
(kkal/kg)
3351
3355
3327

Source: *Calculations based on the Bolton formula as used in Sugiharto et al. (2017).

The total excreta collection method
plus feed indicator is used to measure
chicken protein digestibility. At the age of
28 days, one broiler chicken was taken from
each unit representing each treatment, then
placed in a battery cage with a place to feed
and drink installed in the house, fasted from
feed for 12 hours after that the chickens were
given indicator feed, namely type S-12 feed
that has been weighed and added Fe2O3,
then excreta is stored for 24 hours as
analytical data, sprayed with 0,1 N HCL
every 4 - 6 hours (Wahju, 2004). Finally,

DOI: 10.21776/ub.jiip.2020.030.03.08

feed consumption is recorded, excreta is
taken, weighed (wet weight) and air-dried,
re-weighed (dry weight), and then analyzed
in the laboratory. Analysis carried out to
measure the utilization of feed protein is an
analysis of protein content and water content
of feed used to estimate the actual levels of
feed protein by knowing the dry matter of
feed based on AOAC (2005), after which
protein
digestibility
is
calculated
(McDonald et al., 1988), PER (Anggorodi,
1994) and NR (Wolynetz and Sibbald,
1984):
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1. Digestibility Protein Formula:
Protein Digestibility (%) =
Note:
Protein consumed
Excreta protein

Protein consumed - Excreta protein
protein consumed (g)

x 100%

= feed consumed (g) x feed protein levels (%)
= 70 % x excreta protein, because uric acid levels in the excreta
assumed to be urine is 30% excreta (Wahju, 2004).

2. Protein Efficiency Ratio Formula:
daily weight gain (g)
Protein Efficiency Ratio =
protein consumed (g)
3. Nitrogen Retention Formula:
Nitrogen Retention (g)
= consumed N (g) – excreta N (g)
Note :
Consumption N
= amount of consumption (g) x feed N level (%)
Excreta N
= amount of excreta (g) x excreta N level (%)
Table 2. Average Condition of Macroclimate and Microclimate of Closed House During
Maintenance Period
Macroclimate*
Value
Temperature (ºC)
27,00
Humidity (%)
80,10
Wind Speed (m/s)
1,50
Rainfall (mm)
2,70
2
Sun Radiation (W/m )
264,50
Microclimate
Closed house
Zone 1
Zone 2
Zone 3
Zone 4
60 m
1,29
2,38
3,71
4,46
Ammonia (ppm)
120 m
2,26
4,06
5,83
6,45
60 m
Temperature (°C)
29,27
29,85
29,95
30,29
120 m
28,81
29,55
29,91
30,36
60 m
Humidity (%)
82,76
82,95
83,08
83,54
120 m
82,93
83,54
83,62
83,80
60 m
Wind Speed (m/s)
2,05
1,40
1,36
1,30
120 m
1,86
1,78
1,71
1,61
60 m
167,45
168,68
168,98
170,06
Heat Stress Index
120 m
166,79
168,73
169,46
170,45
Note: *Macroclimate based on data from the Automatic Weather Station of Meteorological,
Climatological, and Geophysical Agency (BMKG) which placed in FPP, UNDIP. 2018.

The way to find out nitrogen feed
levels is to calculate feed protein levels
divided by 6,25. Because it is assumed that
the amount of nitrogen contained in proteins
is constant at 16%. The change gradient
value of each parameter is also calculated
based on the difference in the decrease of
each parameter between each treatment and
expressed as a percentage to provide a more
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detailed picture related to changes in protein
utilization that occur due to different house
lengths and placement zones. Measurement
of the microclimate and macroclimate
conditions of the closed house every day at
05.00, 13.00 and 21.00 WIB include
temperature, humidity and wind speed using
a kestrelTM tool and microclimatic
measurements of ammonia using an
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ammonia detector and for the Heat Stress
Index (HSI) calculated by the formula HSI =
°F + % RH and temperature °F = (9/5 x °C)
+ 32°C (Aviagen, 2010). The data obtained
is used as supporting data and a description
of the research conditions. Data on closedhouse macroclimate and microclimate
conditions are presented in Table 2.
The data obtained were then processed
statistically by analysis of variance
(ANOVA) with the F test at level α ≤ 5%,
and significantly different data were further
tested by the DMRT test.
RESULT AND DISCUSSION
The results of the analysis of the
variability of protein digestibility, PER, and
nitrogen retention (NR) are presented in
table 3. There was an interaction (P>0,05)
between the length and the chicken

placement zones on the NR, but there was
no interaction (P> 0,05) of the treatment
effect on protein digestibility and protein
efficiency ratio. Broilers in a closed house of
60 meters and inlet-parallel zones have
better digestibility of protein, PER, and NR.
Longer closed house and farther zones from
the inlet significantly reduce the digestibility
of feed protein, PER, and NR of broiler
chickens.
Protein Digestibility
The results of the analysis of variance
showed no significant interaction (P>0,05)
between the differences of house length and
placement zones on the feed protein
digestibility of broiler chickens. The
placement zone of chicken further from the
inlet has a significant effect (P≤0,05) on the
decrease in feed protein digestibility of
broiler chickens.

Tabel 3. Average of Broiler Chicken Feed Protein Utilization Due to Different House Length
and Placement Zones.
Protein Digestibility
PER
Nitrogen Retention
Parameter
(%)
(g)
Closed house 60 m
Zone 1
85,42
3,74
1,68c
Zone 2
79,60
3,62
1,00e
Zone 3
74,10
3,55
1,49cd
Zone 4
73,37
3,54
0,63e
Closed house 120
Zone 1
78,51
3,47
2,85a
m
Zone 2
77,83
3,31
2,17b
Zone 3
72,19
3,25
1,17de
Zone 4
68,57
3,22
1,59c
Closed house
60 m
78,12
3,61X
1,20
120 m
74,28
3,31Y
1,95
X
X
Zone
1
81,96
3,60
2,27
2
78,72XY
3,47Y
1,59
Y
Z
3
73,14
3,40
1,33
4
70,97Y
3,38Z
1,11
P Value
interaction
0,92
0,72
0,00*
house
0,15
0,00*
0,00*
zone
0,03*
0,00*
0,00*
Note: - superscript uppercase letters notation (X,Y,Z) showing real differences (P≤0,05) on
subplot or main plot
- superscript lowercase notation (a,b,c) indicates the interaction between treatments
- *= significant (P≤0,05) on main plot or sub plot
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Protein Digestibility
84
82

-3,95%

80
78

-7,09%

(%)

76
74

-2,97%

72

Protein Digestibility

70
68
66
64
Zone 1

Zone 2

Zone 3

Zone 4

Illustration 1. Gradient Decrease of Broiler Chicken Protein Digestibility.
Based on the data presented in Table 3
shows that decreased digestibility of broiler
chicken feed protein began to occur
significantly (P≤0,05) in zone 3. Longer
closed house and zones for further retention
of inlet increased microclimatic ammonia by
about 30% and absolute temperature around
5% as presented in table 2, this increase in
this study has the potential to cause
oxidative stress.
One indicator when chickens
experience oxidative stress is indicated by
changes in the number of leukocytes and H
/ L ratio in the body measured in the same
study, published by Sulaibah et al., (2019)
that an increase in oxidative stress in a
chicken's body is indicated by a decrease in
H / L ratio of 38,15% and the number of
leukocytes of 25,61% in the zone further
from the inlet. Another indicator of
oxidative stress is a change in the decrease
in the red blood profile of around 8,6%
(Sarjana et al., Unpublished). The results of
the analysis of variance showed no
significant interaction effect (P>0,05)
between the different house length and
placement zones on the digestibility of
broiler chicken feed protein.
The placement zone of chicken further
from the inlet has a significant effect
(P≤0,05) on the decrease in protein
digestibility of broiler chicken feed.
Ammonia microclimate and microclimatic
changes in different house and placement
DOI: 10.21776/ub.jiip.2020.030.03.08

zones (Table 2.) are thought to also cause
oxidative stress. This is in accordance with
the research of Brilianto et al., (2019) which
states that ammonia accumulation which
increases as the zone is farther from the
inlet, will trigger stress and have an impact
on reducing the level of consumption and
protein absorption of broiler chicken feed.
Heat stress index (HSI) in the temperature
range 28 - 31°C decreases metabolic
responses such as protein digestion, the
release of T3 hormone and digestive enzyme
activity is disrupted. T3 hormone and
protein digestive enzymes associated with
the level of feed protein digestibility of
chickens. This is supported by the opinion of
Yahav and Mcmurtry (2001) which states
that the release of hormones such as T3 and
digestive enzymes is disturbed due to stress
experienced by chickens. T3 hormone
functions as a stimulant for the digestive
organs to release protein decomposing
enzymes (proteases) and increase metabolic
processes such as the degradation of feed
proteins (Tamzil, 2014).
Degradation of feed protein by cells
for various reasons such as basic living
needs, tissue growth, repair of damaged
cells, and weight gain. Oxidative stress that
occurs due to changes in ammonia
microclimate and microclimatic conditions
is thought to affect the metabolic process,
namely the digestibility of feed protein. This
is consistent with the opinion of Yahav
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(2004) which states that the degradation of
feed protein in the chicken body is
influenced by temperature, the humidity of
the closed house, the water content of
excreta, and air ammonia. Decreased
digestibility of feed nutrients in stressed
broiler
chickens
can
reach
55%
(Puvaldolpirod and Thaxton, 2000). Other
studies of oxidative stress have an impact on
decreased appetite, decreased protein
digestibility by 5 - 12% at temperatures from
21ºC to 32ºC and followed by inhibition of
movement of the digestive tract (Hai et al.,
2000; Zuprizal et al., 1993).

Nitrogen Retention
Statistical results show that there is a
significant interaction effect (P>0,05)
between different length and placement
zone of the closed house to nitrogen
retention. Significant nitrogen retention
value (P≤0,05) was greater in zone 1 in both
closed house and there was a significant
decrease (P≤0,05) in the chicken placement
zone farther from the inlet. Based on the
results obtained, the nitrogen retention value
of broilers placed in closed houses of a
certain length depends on the placement
zone.

Nitrogen Retention

3

Closed house 60 m
Closed house 120 m

-23,86%
2,5

(g)

2

-46,08%
+35,90%

1,5
-40,47%

1

+49%
-57,7%

0,5
0
Zone 1

Zone 2

Zone 3

Zone 4

Illustration 2. Gradient Decrease of Broiler Chicken Nitrogen Retention.
Based on the data in table 3. nitrogen
retention (NR) is highest in zone 1 and
begins to decrease in zone 2. The average
NR of broiler chickens is around 1,50 – 1,73
g / head/day (MacLeod et al., 1988) or 70 80% of total nitrogen consumption. The
decrease in NR is thought to be caused by an
increase in ammonia microclimate and
microclimatic as the zone is farther from the
inlet. Increased ammonia results in
oxidative stress. These conditions make the
metabolic process inhibited, including the
process of breaking down proteins into
simpler compounds and decreased digestion
of feed protein, so chickens are less optimal
in retaining nitrogen. This is in accordance
with the opinion of Bonnet et al. (1997) that
chickens experiencing stress due to
temperature increase will decrease NR
DOI: 10.21776/ub.jiip.2020.030.03.08

around 8 - 9%. Increased ammonia in the
zone further from the inlet causes changes in
chicken physiological conditions and leads
to oxidative stress. Oxidative stress in
chickens is thought to reduce the ability of
protein absorption in the digestive tract used
for tissue and cell growth, so chicken growth
is not optimal.
The process of absorption of feed
protein, associated with NR. Nitrogen
retention is the amount of nitrogen stored or
retained in the body and not excreted with
excreta, which means the higher the nitrogen
contained in the excreta, the higher the
ammonia produced from the excretion
process of nitrogen excretion by ureolytic
bacteria (Patterson and Adrizal, 2005). The
process of absorption of feed protein is
disrupted, the NR value will decrease. This
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is consistent with the opinions of Fanani et
al. (2014) which states that an increase in
protein digestibility and digestibility will
cause an increase in NR that can be utilized
by the body thereby affecting an increase in
body weight.
Protein Efficiency Ratio (PER)
Statistical
results
showed
no
significant interaction effect (P>0,05)
between the different lengths and the
placement zones on PER of broiler chickens.
The treatment of a longer closed house and
A. Effects of House on PER

the zone of placement of chickens farther
from the inlet has a significant effect
(P≤0,05) on the decrease in PER. Based on
table 3. that a decrease in the value of PER
began to occur in zone 2. The highest PER
was seen in zone 1 or parallel to the inlet and
the lowest in zone 4. Whereas, the standard
PER value for broiler chickens ranged from
3,24 - 2,34 (Selle et al., 2003). PER is
influenced by protein consumption and body
weight gain. The results showed a decrease
in the value of PER.
B. Effects of Placement Zones on PER

PER
3,7
3,6
3,5

-8,06%

3,4
3,3
3,2
3,1
Closed house Closed house
PERm
60 m
120

PER
3,65
3,6
3,55
3,5
3,45
3,4
3,35
3,3
3,25

-3,61%
-2,02%

-0,59%

Zone Zone Zone Zone
1
2
3 PER 4

Illustration 3. Gradient Decrease of Broiler Chicken Protein Efficiency Ratio (PER).
The longer the width of the house, the
lower the ammonia gas production as well
as the zone of the house. Increased ammonia
at a certain level can reduce the consumption
of feed protein, interfere with the
digestibility of feed protein and low protein
efficiency. This is consistent with the
opinion of Ritz et al. (2004) that NH3 or
ammonia levels above 25 ppm in the house
can reduce feed efficiency, increase body
weight and irritate the respiratory tract in
chickens.
Ammonia which is toxic and has a
strong odor has the potential to reduce feed
consumption by 1-5% and irritate the
respiratory tract. According to the study of
Xiong et al., (2016) that ammonia with a
concentration of around 75 ppm caused a
decrease in average feed intake of about
5,7% and a decrease in body weight 16,4%
and chronic damage to the tracheal and
intestinal lesions. Other studies also mention
DOI: 10.21776/ub.jiip.2020.030.03.08

that ammonia concentrations above 25 ppm
cause a decrease in feed efficiency by 10%,
feed consumption, and body weight. (Ritz et
al., 2004; Homidan et al., 2003).
Inefficiency absorption of feed protein
certainly has an impact on the result in the
form of chicken body weight. This is
consistent with the opinion of Mahfudz
(2006) which states that the PER is in line
with PBBH which means that chickens
efficiently utilize feed protein to form body
tissue or meat, if bodyweight does not reach
the target will be followed by a low PER
value. A decrease in the value of PER is
characterized by a decrease in body weight
gain of about 1,4 – 1,7% during the
maintenance period in the chicken
placement zone further from the inlet
(Sarjana et al., Unpublished).
In a study conducted by factors other
than microclimatic ammonia in the form of
differences in microclimate conditions at
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different lengths and different placement
zones, it is thought to be insufficient to make
a strong enough contribution to changes in
the ability of protein utilization. Although,
in the same study (Endraswati et al., 2019),
there was a 5% increase in humidity and a
temperature of 1°C in the zone further from
the inlet. This increase results in a decrease
in the effectiveness of thermoregulation in
the zone further from the inlet because of the
potential to irritate the respiratory tract and
cause oxidative stress. The results of
previous studies carried out in the same
closed-house show the contribution of
ammonia microclimatic changes to
performance (feed consumption, BWG, and
FCR) is greater than the HSI (heat stress
index) of broiler chickens which is an
indicator of the utilization of broiler chicken
feed protein (Angkeke et al., 2018). Changes
in HSI values depend on microclimate
conditions (temperature and humidity) at
different house length and placement zones.
CONCLUSIONS
Broiler chickens that are maintained in
closed houses with a length of 120 m and the
placement zone further from the inlet are
worse in utilizing protein feed than the
closed house of 60 m and the placement
zone is parallel to the inlet in the dry season.
Closed house with a length of 120 m and a
placement zone further from the inlet
decreases nitrogen retention. Broiler
chickens that are maintained in closed
houses 120 m have lower protein
digestibility than chickens in closed houses
60 m. Chickens that are maintained in a
closed house 120 m and zones further from
the inlet have a lower PER than chickens in
closed houses 60 m and are placed in zones
parallel to the inlet.
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