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Abstract | Feed restriction can be used in an attempt to save feed costs in the broiler business because it can
encourage compensatory growth in broilers. This study was conducted to determine the effect of restricted feeding
through the fasting method on growth performance, carcass traits, digestive organs, blood hematology, and intestinal
histomorphology of broilers. A total of 240-day-old male New Lohmann broilers were randomly assigned to two
treatments: ad libitum feeding (AF) and restriction feeding (RF). Restricted feeding is carried out by fasting method
once a week after the brooding period at 10, 17, 24, and 31 d. Each treatment was replicated in 15 groups (each
replicate consisted of 8 broilers). Data collected during the study were broiler growth performance, carcass traits,
relative weight of digestive and immune organs, blood hematology, and intestinal histomorphology of broilers. The
data obtained were statistically analyzed with an independent t-test analysis. The results showed RF decreased body
weight gain at 21 d but was not different at 33 d than the AF group. The RF group had an increase in jejunum relative
weight, jejunum villus width, and villus: Crypt ratio. In conclusion, feed restriction through the fasting method can be
implemented without negative effects on final performance, carcass traits and immune system.
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of broiler feed. This is due to the increasing price of cereal
grains and legumes used to make poultry feed due to the
increasing market that uses them as food and fuel (Muscat
et al., 2020). The increase in feed prices that occurs can
cause economic losses to farmers due to decreased profit

INTRODUCTION

emand for poultry meat is increasing at a faster pace
due to its good quality, nutritive value, and reasonable
price. With the growing demand for poultry meat, the

demand for poultry feed is also increasing (Mallick ez
al., 2020). Feed is an important element in the poultry
industry, accounting for about 70% of total costs (Etuah
et al., 2021). One of the problems is the increasing price

margins (Phiri ez al., 2023).

One of the efforts to reduce feed costs and increase

efficiency in feed use is by limiting feeding through the
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fasting method (Qin ez a/.,2021). Feed restriction programs
using the fasting method are one of the most widely
proposed strategies to reduce the impact of excessive feed
consumption in ad libitum feeding management (Banong
and Hakim, 2011). In addition, feed restriction in male
broilers tends to increase feed intake during the refeeding
period, and feed restriction results in better feed conversion
(Butzen ez al.,2013). Moderate levels of feed restriction and
longer refeeding periods are required to achieve adequate
compensatory growth (Olukomaiya ez 4/, 2015).

There is no research on the treatment of feeding restrictions
by fasting once a week after the brooding period on broiler
performance. This study aims to determine the growth
performance of broilers treated with restrictions on feeding
time by fasting once a week after the brooding period.
The results of the study are expected to obtain ways to
save feed use so that feed costs can be reduced, which in
turn increases farmers’ income and does not interfere with
production performance.

MATERIALS AND METHODS

ETHICAL CLEARANCE

The Experiment was received prior authorization from
the Ethical Commission from the Faculty of Veterinary
Medicine, Universitas Gadjah Mada, Indonesia with No:
0009/EC-FKH/Eks./2021.

BIRDS, DIETS AND HOUSING

A total number of 240 one-day-old male New Lohmann
broiler chickens (+ 40-45 g) were used in the current study.
The birds were divided into two feeding treatments, ad
libitum feeding (AF) and restriction feeding (RF). Every
treatment was replicated 15 times, with 15 pens (1 m x
1 m) and eight birds in each replicate per pen. Restricted
teeding through the fasting method is carried out once
a week after the brooding period at 10, 17, 24, and 31
days. The method of fasting is by satisfying broilers every
Wednesday from 07.00 WIB until Thursday at 07.00.
During feeding treatment, broilers are given drinking
water ad libitum. The basal diet was a maize-soybean-
based diet that contained 3000-3200 kcal of ME and 21-
23% of crude protein provided by PT. Charoen Phokpand
Indonesia. The feed composition of starter (0-21 d), and
grower-finisher (22-33 d) diets were based on Table 1.
The experiment was performed at the research barn
(open house), Livestock Development Centre, Faculty
of Animal Science, Universitas Gadjah Mada, Indonesia.
The animal care practices employed in this study were
conducted in accordance with the guidelines outlined in
the Guide for the Care and Use of Agricultural Animals
in Research and Teaching (Federation of Animal Science

Societies, 2010).

Table 1: Ingredients and nutrient composition of
experimental broiler starter, grower, and finisher diets.

Nutrient composition Starter  Grower Finisher
Moisture (%) Max 13 Max 13 Max 13
Crude protein (%) 21-23 19-21 19-21
Extract ether (%) Min 5 Min 5 Min. 5
Crude fiber (%) Max 5 Max 5 Max 5
Ash (%) Max 7 Max 7 Max 7
Calcium (%) Min 0,9 Min0,9 Min0,9
Phosphor (%) Min0,6 Min0,5 Min0,5
ME (kcal) 3200 3000 3000

GROWTH PERFORMANCE AND CARCASS TRAIT

Body weight, feed intake, weight gain, feed conversion
ratio, and performance index data were collected on days
0, 7,14, 21, and 33. On day 33, one bird per replicate per
treatment was randomly selected, weighed, and slaughtered
by cutting the jugular vein in a professional slaughtering
room. Broilers were harvested at 33 days of age following
recommendations of Hidayat ez a/. (2023). The carcass
weight of the samples was obtained by weighing the whole
body of broilers after removing blood, feathers, neck,
head, claws, and internal organs, except for the kidneys
and lungs. Carcass were prepared and measured following
Aprianto e al. (2023). Carcass percentage was obtained
by calculating carcass weight divided by slaughter weight
and then multiplied by 100%. Leg, wing, back, breast and
abdominal weight was obtained from weighing the section

produced by each chicken.

BLOOD HEMATOLOGY

One bird per replicate was collected for blood
hematological analysis on day 33. Blood samples were
taken from the brachial vein (wing) of chickens that had
been fasted for 12 hours. Blood hematology examinations
were measured following Karimy er a/ (2017). 'The
blood was collected into tube with 10% of EDTA as an
anticoagulant. Hematological parameters tested were
the number of red blood cells (RBC), white blood cells
(WBC), hemoglobin, mean differential WBC including
heterophiles, lymphocytes, and H/L ratio.

INTERNAL ORGANS AND INTESTINAL
HISTOMORPHOLOGY

'The weight of the internal organs divided by the weight
of the living organism yields the relative weight of the
internal organs. After separating each component, the
length of the broiler birds’ digestive tracts was measured.
In this investigation, 2-cm samples were obtained after
the loop and used to quantify villi height, villi width,
crypt depth, and the ratio of villi height to crypt depth

in the duodenum, jejunum, and ileum. All intestinal
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segments were prepared and measured following Hanim
et al. (2023). Samples of the small intestinal segment were
fixed in 10% buffered formalin (100 ml 40% formalin, 4
g phosphate, 6.5 g dibasic sodium phosphate, and 900
ml distilled water), which was soaked for 24 to 48 hours.
The samples were rapidly prepared by soaking them in
alcohol at different percentages (70, 80, 90, and 100%)
and dehydrating them. After being cleansed with xylol,
the small intestine samples were infiltrated in paraffin wax
(Leica Biosystems, Wetzlar, Germany). After infiltration
in hot paraffin wax, the tissue samples were embedded in
cassettes, which gave the final shape that will be sectioned
in the next steps. The embedding media in this process is
also hot melted paraffin wax. Using a rotary microtome
(Yamato Kohki Industrial Co., Ltd., Saitama, Japan), the
paraffin blocks were sectioned into 5 pm pieces and then
stained with hematoxylin and eosin. Ultimately, a light
microscope was used to examine the materials. Under a
microscope with Optilab Viewer version 2.2 software (PT
Miconos Transdata Nusantara, Yogyakarta, Indonesia)
coupled to a monitor device, the sections were examined at
a magnification of 4x PT. Miconos Transdata Nusantara,
Yogyakarta, Indonesia) Image Raster software version
4.0.5 was used to quantify the generated photos of the
histomorphology samples.

STATISTICAL ANALYSIS

'The pen was the experimental unit for statistical analyses
of growth performance, carcass weight, internal organ
weight, histomorphology of the small and large intestine
(absolute, relative, and total weight), and histomorphology
of the small intestine (villus height, crypt depth, villus
height, and crypt depth ratio), which were analyzed using
t-test following Kim (2019) in SPSS version 26 (SPSS
Inc., Chicago, IL).

X 1T .'::

t=

I
[@)-LsT+ )15 (L)
nj+a]-2 n] o3

DESCRIPTION

x1 = Average of control broilers data; x2 = Average of
fasting treatment broilers data; n1 = Number of control
broilers; n2 = Number of samples of fasting treatment
broilers; s1 = Standard deviation of control broilers; s2 =
Standard deviation of fasting treatment broilers.

RESULTS AND DISCUSSION

GROWTH PERFORMANCE AND CARCASS TRAIT

The result showed that feed intake, weight gain, feed
conversion ratio and mortality were not significantly
different between the two groups on day 33, but the RF
group showed a decreased weight gain from the broiler

on day 21 (P<0.05; Table 2). FR treatment on broilers has
reduced the weight of legs (P<0.05; Table 3).

Table 2: Effect of feed restriction by fasting method on
growth performance of broilers during 33 days.

Variables Group SEM pvalue
AF RF

Day 0-21

Feed intake (g) 588 571 9.8 0.41
Body weight gain (g) 420 389 7.0 0.03
Feed conversion ratio 1.6 1.5 0.03  0.09
Mortality (%) 1.1 1.3 032 0.23
Day 0-33

Feed intake (g) 2629 2521 319 0.10
Body weight gain (g) 1745 1658 21.6 0.05
Feed conversion ratio 1.6 1.6 0.01 0.80
Mortality (%) 45 48 042 021

AF: ad libitum feeding; RF restricted feeding by fasting method;

SEM: standard error of mean.

Table 3: Effect of feed restriction by fasting method on
carcass traits of male broilers at 33 days.

Variable Group SEM »p
AF RF value

Live weight (g) 1802 1714 21.8 0.11
Carcass weight (g) 1397 1350 22.2 0.31
Carcass yield (%) 779 789 14 0.74
Breast weight (g) 523 509 105 0.51
Breast yield (%) 292 29.7 0.64 0.75
Leg weight (g) 581 539 8.2 0.01
Leg yield (%) 324 316 053 042
Wings weight (g) 142 138 40  0.63
Wings yield (%) 7.9 81 022 0.75
Back weight (g) 150 163 140 0.64
Back yield (%) 8.3 9.5 0.83 0.46
Abdominal fat weight (g) 294 300 14 087
Abdominal fat yield (%) 0.02 0.02 0.01 0.54

AF: ad libitum feeding; RF: restricted feeding by fasting method,;

SEM: standard error of mean.

Table 4: Effect of feed restriction by fasting method on the

immune organs of male broiler at 33 days.

Variable Group SEM  pvalue
AF RF

Bursa fabricius (%) 0.09 0.08 0.01 0.51

Spleen (%) 0.07 0.07 0.01 0.64

Thymus (%) 0.28 030 0.02 0.55

AF: ad libitum feeding; RE: restricted feeding by fasting method;

SEM: standard error of mean.
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BLOOD HEMATOLOGY AND IMMUNE ORGANS

RF treatment did not affect broiler blood hematology
(Table 5). Moreover, Table 4 shows the relative weight
of the immune organs of broilers on day 33. The dietary
treatments did not influence the relative weight of the
immune organs of broilers.

Table 5: Effect of feed restriction by fasting method on
blood hematology of male broiler during 33 days.

Variables Group SEM »p
AF RF value

Red blood cells (10%/ul) 2.7 2.6 0.08 0.86
White blood cell (10%/pl) 203 169 14 0.26
Hemoglobin (g/dl) 71 74 024 058
Heterophile (10%/pl) 12 12 1.02 0.30
Lymphocytes (10%/ul) 50 49 049 093
H/L ratio 26 22 029 0.58

AF: ad libitum feeding; RF: restricted feeding by fasting method; SEM:

standard error of mean.

DIGESTIVE ORGANS
INTESTINE

Restricted feeding improved the weight of crop, ventriculus,
and jejunum of broilers on day 33 d (P<0.05, Table 6). The
length gastrointestinal tract of broilers was not affected
by the restricted feeding treatments (Table 7). RF group
showed a wider villus than the AF group in the jejunum
(P<0.05, Table 8). The highest ratio of villi and crypts in

the jejunum was shown in the RF group.

AND HISTOMORPHOLOGY OF

Table 6: Effect of feed restriction by fasting method on

relative weight of male broiler digestive organ at 33 days.

Variable Group SEM p-value
AF RF
Oesophagus (%) 0.25 0.29 0.01  0.06
Crop (%) 0.25 0.34 0.01 0.01
Proventriculus (%) 0.35 0.36 0.01 0.67
Ventriculus (%) 1.4 1.6 0.04 0.04
Liver (%) 2.0 2.0 0.07 092
Heart (%) 0.48 0.50 0.01 0.52
Pancreas (%) 0.17 0.18 0.01 0.45
Duodenum (%) 29.2 29.7 0.64 0.75
Jejunum (%) 581 539 8.2 0.01
Tleum (%) 324 316 053 042
Cecum (%) 142 138 4.0 0.63
Colon (%) 7.9 81 022 075

AF: ad libitum feeding; RF restricted feeding by fasting method,;

SEM: standard error of mean.

Feed restriction will not affect broiler performance because
it triggers compensatory growth so that it is no different

from chickens that are not restricted. Feeding restriction
through the fasting method in broilers showed a decrease
in body weight gain on day 21 but did not affect the body
weight gain on day 33. These results are in line with the
research of (Nurhayati, 2007), feed restriction up to 10%
in broilers from the age of 6-14 days resulted in slaughter
weights that were not different from the control (fed ad
libitum), while feed restriction of more than 10% resulted
in lower slaughter weights than the control. Urdaneta-
Rincon and Leeson, (2002) conducted feed restriction
on male broilers by providing feed at 90% of ad libitum
consumption from the age of 5-10 days, 5-15 days, 5-20
days, and 5-30 days. Feeding at 90% of the amount of ad
libitum feed consumption proved to produce body weight
(35 days of age) which was not different from the control
group of 1696, 1725, 1727, 1734, and 1676 g/ birds with
the control group of 1744 g/ birds.

Table 7: Effect of feed restriction by fasting method on
length of intestinal tract of male broiler at 33 days.

Variable Group SEM  p-value
AF RF

Duodenum (cm) 25.4 26.6  0.69 0.41

Jejunum (cm) 62.9 63.7 1.6 0.79

Ileum (cm) 62.9 63.8 14 0.79

Cecum (cm) 32.6 32.42 0.81 0.91

Colon (cm) 9.6 8.9 0.43 0.40

AF: ad libitum feeding; RF: restricted feeding by fasting method,;
SEM: standard error of mean.

Table 8: Effect of feed restriction by fasting method on
intestinal histomorphology of male broiler at 33 days.

Variable Group SEM p-value
AF RF

Duodenum

Villus height 753 890 45 0.20

Villus width 86.2 105 9.7 0.43

Crypt 111 97.8 7.5 0.47

Villus: crypt 7.0 9.2 0.70 0.16

Jejunum

Villus height 587 699 38.7 0.21

Villus width 51.9 75.7 5.6 0.02

Crypt 68.2 68.4 3.6 0.98

Villus: crypt 8.6 10.3 0.34 0.01

Ileum

Villus height 680.9 559.4 40.2 0.19

Villus width 62.3 71.1 4.5 0.43

Crypt 76.9 77.5 3.0 0.94

Villus: crypt 8.9 7.3 0.60 0.27

AF: ad libitum feeding; RF: restricted feeding by fasting method;

SEM: standard error of mean.
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Decreased body weight can occur due to limited
consumption of energy and protein, which causes the need
to maximize tissue growth not to be met (Azis ez a/.,2011).
Factors that cause a decrease in body weight during the
feeding restriction period include the limited supply of
nutrients and energy to support tissue growth (Hornick e#
al., 2000). Cabel and Waldroup (1990) stated that broiler
chickens that were treated with satiation at the beginning
of their growth resulted in unfulfilled protein intake and
energy intake so their growth was disrupted. Hardini
(2013) stated that broilers catch up with growth due to
feeding restrictions if the right feeding restriction method
is used. The energy and protein that support this catch-
up growth comes from a decrease in maintenance needs
during the period of re-feeding after a period of feeding

restriction.

Normal feeding after the filler feed is intended to spur body
cells to repair growth, resulting in compensatory growth.
An interesting phenomenon is that the length of time
for growth recovery or growth compensation determines
the final body weight (Haryadi and Wihandoyo, 2005).
During feed restriction, there will be an increase in the
rate of stomach juice and contribute to the reduction of
feed and nutrients eaten. In addition, it indicates that the
longer the chicken gets filler feed, the growth is inhibited
with the result that the body size also decreases and the
development of body organs, especially the digestive
organs, cannot be optimal or smaller because of the need
for feed and the volume of feed that can be accommodated
becomes less (Rumiyani ez a/., 2011).

In addition, feeding restriction through the fasting
method does not affect the broiler’s immune system as
indicated by the absence of changes in immune organs
and blood haematology. Previous studies that discussed
the abnormalities of broiler immune function mentioned
that the weight of the thymus, bursa Fabricius, and spleen
decreased significantly under stress conditions (Calefi e#
al., 2016; Ohtsu ez al., 2015; Quinteiro-Filho e a/., 2010).
In addition, the number of heterophils and lymphocytes,
and consequently the ratio of heterophils to lymphocytes,
can vary depending on the condition (Simitzis ez a/.,2012).
There are consistent reports of increased H/L ratios in
stressed poultry species (Ajakaiye ez a/., 2010; Osti ez al.,
2017; Scanes, 2016). According Emadi and Kermanshahi
(2006) the level of body resistance in poultry can be
determined by the value of the H/L ratio, around 0.2 (low),
0.5 (normal) and 0.8 (high) for environmental adaptation.
Heckert ez a/.(2002) proved in their research that a decrease
in the weight of the Fabricius bursa in broiler chickens
reared with high cage density can reduce the number of
lymphocytes so that antibodies, including gama globulin,
which are important in the immune system, are low. Thus,
this indicates that the feed restriction treatment did not

cause stress in broilers at day 33. Other results may be
obtained if blood collection is conducted on day 21 when
weight gain has decreased, which may be stressful due to
feed restriction.

Several other studies have shown that feed restriction
does not affect the blood hematology of broilers. The
skip-a-day method of feeding restricted feed to broilers
at weeks 2, 3 and 4 and returning to full feed thereafter
did not affect the blood hematological condition of the
chickens at day 56 blood collection (Akinsola ez a/., 2019).
Felicia and Olutoye (2020), showed that feed restriction
in the 5™ week, 29-35" day group, 6™ week, 36-42" day
group and 7" week, 43-49* day group had no effect on
blood hematology of broiler on the 56th day of testing.
Olukomaiya ez a/. (2014) explained that feed restriction
affected the blood hematology of chickens on the 56 day
of testing.

In our study feed restricted increased villus width and villus
and crypt ratio in jejunum. Azouz ¢/ a/. (2019), an increase
in villi height and crypt depth in broilers exposed to feed
restrictions. An increase in the height of the villi in the
jejunum, which is the main site for nutrient uptake, and the
ileum, which plays a key role in the re-absorption of water
and electrolytes, may indicate an increase in absorption of
nutrients at the re-feeding period and this is associated with
gastrointestinal hypertrophy (Yu and Robinson, 1992).The
main mechanisms of compensatory growth depend not
only on increasing FI, but also on increasing digesta load,
influencing maintenance needs, and adaptation of digestive
organs. The digestive adaptation was one important factor
contributing to growth compensation (Sahraei, 2012). The
compensatory growth could be achieved by promoting the
improvement of intestinal villus development and feed
consumption when broiler chickens were fed frequently

(Chaiyasing et al., 2024).

The feed restriction of chickens at 6 weeks of age caused
an increase in the jejunal villus height, which was regarded
as an adaptive strategy to maximize nutrient uptake once
feeding (Thompson and Applegate, 2006). Yamauchi and
Tarachai (2000) showed rapid recovery of villus height
through increased epithelial cell area and cell mitosis
after 1 d of refeeding in chickens. A decrease in metabolic
rate could lead to a reduction in the energy required to
maintain gastrointestinal turnover. In fact, feed restriction
affects intestinal villus height, cell area, cell proliferation,
and mitosis rate (Shamoto and Yamauchi, 2000).

CONCLUSIONS AND
RECOMMENDATIONS

In conclusion, restricted feeding through fasting once a
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week after the brooding period for 33 days of maintenance
does not affect final growth performance, carcass trait, and
immune system. Contrastingly, feed restriction increases
the histomorphology of broiler jejunum. Feed restriction
can be used as a way to reduce feed costs without causing
negative effects. In future studies, we suggest looking at
the effect of feed restriction through fasting on the tight
junctions of the small intestine.
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