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ABSTRACT

The objective of the present study was to investigate the effect of Kleinhovia hospita L. extract
(KE) on growth performance, intestinal condition and antioxidative status of broilers raised in high
stocking density pens. A total of 370-day-old broiler chicks were randomly grouped into five groups
with five replicates. The groups were TO (chicks raised in normal density, 10 birds/m?; as a negative
control), KEO (chicks raised in high density, 16 birds/m” without KE supplementation; as a positive
control), KE0.25, KE0.5 and KE1 (chicks raised in high density with KE supplementation of 2.5, 5 and
10 g/kg, respectively). Based on the completely randomized design, the data were treated. Results
showed that KE1 chicks had the highest (p<0.05) body weight (BW) at day 21 and 28. The T0, KEO
and KE2.5 chicks consumed more (p<0.05) feed than the other treatment groups. The KE0.25, KE0.5
and KE1 showed lower (p<0.05) FCR than the KEO group. The KEO chicks showed lower (p<0.05)
carcass yield than the other groups. The KEO had the highest (p<0.05) heart relative weight of all
groups. The KE1 had the highest (p<0.05) small intestinal weight, cecum, colon and abdominal fat of
any treatment group. Among the groups, crypt depth of the duodenum in KEO was the lowest (p<0.05).
There was no substantial effect of the treatments on the counts of coliform and lactic acid bacteria in
the ileum of broilers. The superoxide dismutase (SOD) levels in KE0.5 and KE1 were higher (p<0.05)
than those in TO, KEO and KEO0.25 groups. In conclusion, stocking in high density pens negatively af-
fected the carcass yield of broiler chickens. Dietary KE supplementation was beneficial in improving
FCR and antioxidant status of broiler chickens.
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INTRODUCTION

Poultry production is crucial for supplying
human needs with high-quality protein and other
micronutrients, as well as for promoting econom-
ic expansion and increasing farmer earnings
(Nkukwana, 2018; Oni et al., 2024). Over the
past ten years, the amount of chicken meat con-
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sumed in emerging nations has consistently out-
paced its production (Enahoro et al., 2021).
Hence, broiler chicken production needs to be
increased to meet consumer needs.

High stocking density (HSD) rearing has
commonly been applied in broiler production to
optimize the space area of broiler house in order
to meet market demand and achieve high effi-
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ciency (Sugiharto, 2022). In tropical countries, a
maximum stocking density of 16 chickens/m” is
allowed as long as appropriate rearing manage-
ment is implemented. In broiler production, the
HSD is typically determined by the weight of
birds per square meter as well as the number of
chicks per square meter (Sapsuha et al., 2021).
Apart from the efficiency reason, HSD can have
detrimental effects on chickens, such as insuffi-
cient space for living and feeding, production of
heat, obstruction of airflow, decline in health and
welfare, reduced intake of feed and water, and
lowered feed efficiency as a consequence of
stress and poor air quality (Feddes et al., 2002).
Indeed, stress may cause an excess of reactive
oxygen species (ROS), which would inhibit the
activities of antioxidant enzymes. This latter cir-
cumstance may result in gut damage, high broiler
mortality, declining meat quality and poor
growth performance (Estévez, 2015).

Antibiotic growth promoters (AGPs) at a
subtherapeutic dosage are the most often used
additives that might improve intestinal ecology
and functions, feed conversion, growth rate and
chicken’s health (Gadde ef al., 2017; Lourenco et
al., 2019). Previous studies have highlighted
concerns regarding the use of antibiotics to boost
broiler performance because of the resistance
exhibited by human microbial pathogens, which
has eventually led to the prohibition of AGP use
in animal feeding (Gheisar and Kim, 2018). Yet,
this prohibition results in declining chicken per-
formance and an increase in the frequency of
pathogenic illnesses, which increases production
costs and financial loss (Cardinal et al., 2019).
On this background, it is necessary to search al-
ternatives to AGPs in order to maintain the
productivity of poultry while keeping production
cost-efficient.

The utilization of phytogenic feed additives
(PFA) has garnered attention in recent times ow-
ing to their perceived naturalness, affordability,
safety, lack of residue, non-toxicity, and reasona-
ble effectiveness (Gheisar et al., 2015; Yitbarek,
2015; Abudabos et al., 2018). The botanical
products known as PFA are derived from herbs,
spices, essential oils, or oleoresins. Common us-
es of PFA include whole plants and the constitu-
ent parts of herbs and spices. The biological
function of essential oils, which are secondary
metabolites derived from odoriferous plants, is

generally higher than that of their raw materials
(Yitbarek, 2015). With regard to poultry, the bio-
active components of PFA have been demon-
strated in several studies to have the potential to
improve chicken performance and reduce stress
(Sugiharto et al., 2021; Sapsuha ef al., 2021).

Kleinhovia hospita Linn (K. hospita), known
as Paliasa or Tahongai in Indonesia, is widely
utilized for the therapeutic uses. The phytochem-
icals component from this plant includes tannins,
flavonoids, and saponins (Hanum and Maesen,
1997). Furthermore, the natural compounds
found in K. hospita leaves, cycloartane triterpe-
noid alkaloids, are rich in flavonoid glycosides
that have been shown to be powerful anti-
inflammatory agents (Soromouo ef al., 2012) and
effective hepatoprotective agents
(Kleinhospitines A-D). This compound act as a
protection for liver cells from H,0O, oxidative
stress (Gan et al., 2009; Zhou et al, 2013). Like-
wise, previous research demonstrated that the
majority of the bioactive compounds derived
from the K. hospita plant had effective antioxi-
dant capabilities properties (Hanum and Maesen,
1997; Arung et al., 2012; Soromouo et al.,
2012).

At present, an investigation on the use of K.
hospita L. extract to increase the broilers perfor-
mance are still very limited. The objective of the
present study was therefore to investigate the
effect of K. hospita L. extract (KE) on growth
performance, intestinal condition and antioxida-
tive status of broilers raised at high stocking den-
sity pens.

MATERIALS AND METHODS

Ethical Clearance

The Animal Ethics Committee of the Faculty
of Animal and Agricultural Sciences, Universitas
Diponegoro (No. 60-02/A-05/KEP-FPP)
gave approval for the current in vivo study.

Preparation of Phytogenic Feed Additives

The K. hospita L. fresh leaves were collect-
ed and prepared using the previous specified pro-
cedure (Solihah ef al., 2019). The samples were
gained from Samarinda, East Borneo, Indonesia.
The fresh leaves were cleaned up and dried natu-
rally in shade for around five days to achieve a
uniform weight, then ground into a fine powder.
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Table 1. Ingredients and Nutrient Composition of Broiler Basal Diets in Finisher Period

Items

Grower Feed (15-35 days)

Feed ingredients

Corn 58.54

Palm oil 2.96

Soybean meal 34.7

DL-methionine 0.19

Bentonite 0.75

Limestone 0.75

Calcium monophosphate 1.30

Premix! 0.34

Chlorine chloride 0.07

Salt 0.40

Nutritional Compositions Calculated Analysed
ME? (kcal/kg) 3,000 3,240
Crude protein 20.0 20.7
Crude fibre 5.51 491
Ether extract 4.41 3.83
Ca 1.02 0.74
P (available) 0.58 0.54

'Vitamins and mineral composition per kg premix: 50.000 IU Vit. (D3); 0.5 mg Vit. (B12); 32.5% of Calcium (Ca); 1%
of Phosphor (P); 6 g of Iron (Fe); 4 g Manganese (Mn); 0.075 g lodine (I); 0.3 g Copper (Cu); 3.75 g of Zinc (Zn).
2ME (metabolizable energy) was calculated according to formula: 40.81 {0.87 (crude protein + 2.25 crude fat +

nitrogen-free extract) + 2.5}

The gradual maceration method was applied in
extraction process. One kilogram of dried leaves
was soaked in 5 L of 96% ethanol for 48 h at
room temperature, and stirred twice a day, then
filtered using Whatman No. 2 filter paper. Ex-
tract was evaporated using a rotary evaporator.
The greenish brown oil was obtained after com-
plete removal and prepared to dry in freeze dry-
er. Maltodextrin was used to create coatings for
microencapsulated processes. The coating pro-
cess was started with 15% maltodextrin
that was dissolved in distilled water to create a
suspension. The K. hospita L. extract (KE) was
added to the maltodextrin solution at a ratio of 1:
5. The suspension was microencapsulated using
freeze dryer (Menezes et al., 2018). The drying
powder was weighed and kept at room tempera-
ture until use.

Animals, Diets and Experimental Design
During the 35 days research, 370 Lohmann
day-old broiler chicks (mixed-sex) with an initial
average body weight of 43.49+1.52 g were used.
The chicks were randomly grouped into five
treatments from day 1 to 35 days, and each treat-
ment had 5 replicates. The chickens were raised
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at open-sided broiler houses with floor pen lay-
ered with rice husk as a litter. The temperature
ranged between 26 and 33°C, whereas humidity
was about 70% throughout the study period. The
chicks were grouped into TO (negative control
with normal density, 10 birds/m?), KEO (positive
control with high density, 16 birds/m* without
KE supplementation), KE2.5, KE5 and KE10
with a high density of 16 birds/m* and KE sup-
plementation at 2.5, 5, and 10 g/kg, respectively.

Broilers were fed with commercial starter
feed (1 to 14 d of age), and formulated finisher
diets (15 to 35 d of age). The commercial starter
feed contained crude protein of minimum 20%,
crude fibre of maximum 5%, Calcium of 0.8-
1.1%, and Phosphorus of 0.5% (based on feed
label). The formulated grower feed is presented
in Table 1. The KE was supplemented to feed
since the day 15 as much as 2.5, 5, and 10 g/kg
for KE2.5, KE5 and KEI10, respectively. The
groups of TO and KEO were given basal diet
without KE. There was no antifungal, antibacte-
rial, antiprotozoal, or enzymes in the formulated
grower feed. For 35 days of experiment, feed and
water were provided ad libitum. The birds were
vaccinated with Newcastle Disease (ND) using
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spray technique following hatching. On day 12,
the commercial Gumboro vaccine was given to
each chicken (through drinking water), and on
day 18 the ND vaccination was conducted via
drinking water.

Data Collection and Analysis

The body weight (BW), weight gain (WG),
feed intake (FI) and feed conversion ratio (FCR)
of all chickens were recorded weekly. One chick
from each replication was randomly taken,
slaughtered, and de-feathered on day 35 to obtain
the weight of carcass. The internal organs were
removed after evisceration and weighed. In order
to avoid gender bias, one male chick representing
the average body weight of each experimental
unit was selected at the end of the experiment to
have blood drawn from the brachial vein. Three
mL of blood were placed in tube (without antico-
agulants) to produce serum. The same chicks
used for the blood sample were subsequently
slaughtered. The chicken’s intestines were re-
moved right away after it was slaughtered. The
segment of duodenum (roughly 2 cm) was ob-
tained and immersed in 10% buffered formalin
(Leica Biosystems Richmond, Inc., Richmond,
USA) for the duodenal morphology measure-
ment. The digesta were taken from ileum and
placed in sterile sample pot for selected bacterial
population counts.

The concentration of malondialdehyde
(MDA) in serum was determined by reacting

MDA with thiobarbituric acid (TBA) (Sigma-
Aldrich, St. Louis, USA). The MDA concentra-
tion was measured spectrophotometrically at 532
nm. The serum superoxide dismutase (SOD)
concentration was determined using SOD kits
(Sigma-Aldrich, St. Louis, USA) and an indirect
assay method based on xanthine oxidase. The
SOD concentration in serum was measured using
a spectrophotometer (absorbance at 550 nm).
Haematoxylin and eosin-dyed 5 um sections of
the duodenum were used to histologically exam-
ine the duodenal morphology. Using an optical
microscope connected to a digital camera (Leica
Microsystems GmbH, Germany), the height of
villus and depth of crypt were measured for each
segment. For each sample, the mean values of
crypt depth and villus height were calculated us-
ing five measurements. The total plate count pro-
cedures were used to determine the bacterial
counts in the ileal and caecal digesta. After an
aerobic 24-hour incubation at 38°C, coliforms
were counted as red colour on MacConkey agar
(Merck KGaA, Germany). Lactic acid bacteria
(LAB) were counted on de Man, Rogosa, and
Sharpe (MRS; Merck KGaA) agar following a
48-hour anaerobic incubation period at 38°C.

Statistical Analysis

This experiment was carried out based on a
completely randomized design. The SPSS ver-
sion 26.0 was used to analyse the collected data.
Following ANOVA test, the differentiation

Table 2. Effect of KE on Growth Performance of Broilers Raised in High Stocking Density Pens

. Treatment Groups (Means+SE) p value

Variables T0 KEO KE2.5 KE5 KE10
Body weight (g/bird)
Day 14 485+6.88 485+6.09 485+4.10 483+4.36 485+4.72 0.99
Day 21 851+1.10¢ 849+1.41¢ 855+1.21°¢ 86241.00° 867+£0.912 <0.01
Day 28 1364+7.81 1361+4.62 1366+2.76 1374+4.79 1380+5.99 0.05
Day 35 1773£13.9 1772+8.07 1782+7.48 1785+10.6 1793+£9.91 0.59
Cumulative feed intake (g/bird)
Day 21 1057+6.27% 1060+3.57° 1051+4.32% 1040+6.63° 1040+2.57° 0.02
Day 28 215149.04? 2153+7.65° 2128+7.622 2096+12.8° 2080+11.4° <0.01
Day 35 3344+12.9* 3364+16.5° 3343+8.05° 3295+18.0° 3271+15.6° <0.01
Feed conversion ratio (FCR)
Day 21 1.38+£0.01% 1.38+0.01° 1.36+0.01° 1.34+0.01¢ 1.334£0.01°¢ <0.01
Day 28 1.58+0.00% 1.58+0.01? 1.56+0.01° 1.53+0.01°¢ 1.52+0.01°¢ <0.01
Day 35 1.89+0.01% 1.9140.01° 1.88+0.00° 1.8540.01°¢ 1.82+0.01¢ <0.01

TO: chicken raised in normal density pens (10 birds/m?), KEO: chickens raised in high density pens (16 birds/m?) without KE
supplementation, KE2.5, KES and KE10: chickens raised in high density pens and provided respectively with KE for 2.5, 5, and

10 g/kg of feed, SE: standard error of the means

a.bed Distinct superscripted letters in the same row indicate a noticeably different
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Figure 1. Carcass yield of broiler raised in high stocking density pens.

(TO: chicken raised in normal density pens (10 birds/m?), KEO: chickens raised in high density pens
(16 birds/m?) without KE supplementation, KE2.5, KE5 and KE10: chickens raised in high density
pens and provided respectively with KE for 2.5, 5, and 10 g/kg of feed)

among groups were tested by the Least Signifi-
cant Difference (LSD) test, with p<0.05 as the
significant level.

RESULTS AND DISCUSSION

Performance of Broilers

During the course of the study, all birds re-
mained healthy. The data on dietary KE supple-
mentation affected BW, WG, FI, and FCR are
shown in Table 2. The BW varied considerably
by the end of day 21. The KE10 group had the
highest (p<0.05) BW at the end of day 21 and 28.
At day 35, there was no significant difference in
BW among the groups of chickens. During the
study period, feed intake was significantly differ-
ent among treatment groups, in which T0, KEO
and KE2.5 chicks consumed more (p<0.05) feed
than the other treatment groups (KES5 and KE10).
With regard to FCR, the groups of KE2.5, KE5
and KE10 showed lower (p<0.05) FCR than the
KEO group during the study period. Yet, the FCR
of KE2.5 did not significantly differ from TO
group. The carcass yields of broilers chickens are
presented in Figure 1. It was apparent that KEO
chicks showed lower (p<0.05) carcass yield as
compared to the other groups of chicks.

It was possible in this present study that the
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chickens raised in high density pens underwent
less stress, resulting in the negligible differences
in body weight and FCR between T0 and KEO in
the current study. In KEO group, the average
bird’s total body weight per square meter was
approximately 28,344 g, or less than 33 kg/m®.
According to Sugiharto (2022), only broilers
housed in pens with a total body weight of more
than 33 kg/m? will suffer from high density
stress. In term of FCR, the birds raised in high
density pens and received KE showed better
FCR than those raised in high density pens re-
ceiving no additive. The latter circumstances in-
dicated better feed efficiency in chicks receiving
KE. Other studies conducted by Richards and
Proszkowiec (2007), Sapsuha et al. (2021) and
Cho et al. (2023) supported our findings, show-
ing that phytogenic supplementation improved
feed efficiency and nutrient digestibility of broil-
ers raised in high stocking density pens. The
abundance of bioactive compounds found in phy-
togenic materials is well known to improve intes-
tinal ecology and functions, which in turn im-
proves digestion and nutrient utilization (Cho et
al., 2023). With regard particularly to KE, Dey et
al. (2017) confirmed that the terpenoid present in
K. hospita L. has the ability to act as an antibac-
terial agent that is essential in maintaining the
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Table 3. Effect of KE on Internal Organ Relative Weight of Broilers Raised in High Stocking Density Pens

Variables (g/100 Treatment Groups (Means£SE)

g BW) TO KEO KE2.5 KE5 KE10 p value
Heart 0.45+0.00¢  0.48+0.00°  0.47+0.00° 0.46+0.00° 0.45+0.00¢  <0.01
Liver 1.77+0.04 1.65+0.10 1.80+0.12 1.53+0.11 1.69+0.11 0.35
Gizzard 1.49+0.05 1.67+0.09 1.67+0.10 1.54+0.07 1.63+0.08 0.37
Proventriculus  0.47+0.01 0.51:£0.04 0.51+0.03 0.51£0.02 0.54+0.03 0.53
Pancreas 0.17+0.03 0.22:0.02 0.24+0.02 0.18+0.02 0.22+40.04  0.36
Abdominal fat ~ 1.95+0.02¢  1.98+0.02¢/  2.06+0.05%  2.12+0.03 2.2240.04*  <0.01
Spleen 0.06+0.01 0.07+0.01 0.08+0.01 0.08+0.01 0.07+0.01 0.27
Thymus 0.14+0.04 0.110.03 0.13+0.04 0.11+0.02 0.10+0.03 0.91
BF 0.10+0.01 0.120.02 0.16+0.02 0.10+0.02 0.10+0.02 0.12
Duodenum 1.37+0.04°  1.69+0.01¢  1.78+0.02 1.52+0.02¢ 1.86+0.01*  <0.01
Jejunum 0.64+0.02°  0.78+0.02  0.85+0.01° 0.72:0.02¢ 0.94+0.02°  <0.01
Tleum 3.6440.02°  4.09+0.05°  4.21+0.01° 3.7740.04¢  435£0.04°  <0.01
Cecum 1.03£0.01°  1210.01°  1.26+0.01 1.12+0.01¢ 1.35£0.00°  <0.01
Colon 0.83+0.01¢  0.91£0.02°  0.930.01 0.87+0.01°¢ 0.96£0.01°  <0.01

BW: body weight, BF: Bursa of Fabricius, TO: chicken raised in normal density pens (10 birds/m?), KEO: chickens raised in high
density pens (16 birds/m?) without KE supplementation, KE2.5, KE5 and KE10: chickens raised in high density pens and
provided respectively with KE for 2.5, 5, and 10 g/kg of feed, SE: standard error of the means

a.bed Distinct superscripted letters in the same row indicate a noticeably different

intestinal bacterial balance during stress. Other
than antibacterial properties, the bioactive com-
pounds within KE exhibit hepatoprotective, im-
munomodulatory, and anti-inflammatory proper-
ties (Hafeez et al., 2016; Dey et al., 2017). More-
over, antioxidant compounds such as flavonoids
found in KE have the potential to mitigate the
deleterious effects of free radicals, which may
disrupt cell metabolism and living cells (Dey et
al., 2019). Additionally, these compounds can
offer substantial protection against oxidative
stress (Diniyah and Lee, 2020). All these circum-
stances eventually lead to better physiological
conditions, which would then improve nutrient
allocation and utilization as well as broiler chick-
en growth performance. The KE5 and KE10
birds consumed less feed during the study than
the other groups of chickens. Indeed, the FCR
was better in the KE5 and KE10 chickens as their
body weights were the same as those of the other
chickens. The reason behind the KE5 and KE10
groups’ lower feed consumption in comparison
to other groups is uncertain. However, given the
potent taste, strong odour, and bitter taste of phy-
togenic compounds, it is highly likely that feed
palatability may be impacted by phytogenic sup-
plementation (Amad et al., 2011; Zhai et al.,
2018). In agreement, Mehala et al. (2021) ob-
served a decline in broiler feed consumption
when fed panchagavya and phytogenic feed ad-
ditives. They went on to confirm that the bitter-

ness of the phytogenic compounds added to the
broiler diets was probably the cause of the birds’
decreased feed intake.

Earlier study confirmed that raising broiler
chickens in high stocking density pens resulted
in lower carcass weight (Nasr et al., 2021). In
line with this study, our current finding also
showed that broilers (receiving no additive)
stocked at high density pens had lower carcass
yield as compared to the broilers raised at normal
density pens. Interestingly, the KE supplementa-
tion was attributed to the enhanced carcass yield
of broilers raised at high density pens in the pre-
sent study. In agreement to our findings, Puvaca
et al. (2016) and Toson et al. (2023) noted that
the administration of phytogenic extract in-
creased carcass yield of broilers. They further
confirmed that phytogenic components improved
nutrient digestion and absorption, thus promoting
muscle deposition and increasing carcass yield in
broilers.

Internal Organ Relative Weights of Broilers
Table 3 shows the impact of KE supplemen-
tation on the weight of certain internal organs of
broilers. Weights of immune organs (spleen, thy-
mus, bursa of Fabricius) and internal organs
(liver, gizzard, proventriculus, and pancreas) did
not differ (p>0.05) among treatment groups. The
KEO had the highest (p<0.05) heart relative
weight of all the treatment groups. Moreover,
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Table 4. Effect of KE on Duodenum Morphology and Ileum Bacterial Counts of Broilers Raised in High Stocking
Density Pens

Treatment Groups (Means£SE)

Variables TO KEO KE2.5 KES KE10 p value

VH and CD of duodenum

VH (um) 1163+68.1 1165+114 1172+54.5 1118+£69.9 1173+£70.7 0.99
CD (um) 232+13.5% 201+12.8b 257+12.42 258+14.82 239.6+12.22b 0.04
VH:CD ratio 5.01+0.60 5.81+£0.93 4.57+0.19 4.34+0.44 4.89+0.25 0.31
Bacterial counts of ileum (log cfu/g)

Coliform 3.25+1.43 4.97+1.18 3.16£0.73 3.41+0.85 2.96+1.14 0.71
LAB 4.17+1.29 2.98+0.50 5.21+1.36 5.08+1.65 3.80+1.03 0.69

VH: villus height, CD: crypt depth, LAB: lactic acid bacteria, TO: chicken raised in normal density pens (10 birds/m?), KEO:
chickens raised in high density pens (16 birds/m?) without KE supplementation, KE2.5, KES and KE10: chickens raised in
high density pens and provided respectively with KE for 2.5, 5, and 10 g/kg of feed, SE: standard error of the means

ab Distinct superscripted letters in the same row indicate a noticeably different

Table 5. Effect of KE on Antioxidant Status of Broilers Raised in High Stocking Density Pens
Treatment Groups (Means£SE)

Variables TO KEO KE2.5 KES KE10 p value
MDA (nmol/mL)  12.5+1.58 15.5+1.96 15.942.11 11.9+0.94 14.6+0.98 0.33
SOD (U/mL) 75240.87°  8.0540.79  8.75+1.17° 11.840.91° 12.140.26 0.002

MDA: malondialdehyde, SOD: superoxide dismutase, TO: chicken raised in normal density pens (10 birds/m?), KEO:
chickens raised in high density pens (16 birds/m?) without KE supplementation, KE2.5, KES and KE10: chickens
raised in high density pens and provided respectively with KE for 2.5, 5, and 10 g/kg of feed, SE: standard error of

the means

a5 Distinct superscripted letters in the same row indicate a noticeably different

KE10 had the highest (p<<0.05) small intestinal
weight, cecum, colon and abdominal fat of any
treatment group.

Present results showed that rearing broiler
chickens in high stocking density pens resulted
in greater relative heart weight as compared to
those reared in normal density pens. This finding
was in accordance with Sahin et al. (2002) re-
porting an increased heart relative weight of
broilers with heat stress. It was very possible that
stress may increase heart rate in pumping the
blood for the thermoregulatory process (Gogoi et
al., 2021). Such increased heart rate may there-
fore cause cardiac muscle hypertrophy. Interest-
ing results were observed in the present study, in
which KE supplementation resulted in decreased
heart relative weight of broilers. The antioxidant
properties of KE seemed to ameliorate the stress
effects in broilers due to high density rearing in
this present study. In line with our report, Daldlio
et al. (2021) revealed that chromium-methionine
(rich in antioxidants) supplementation could alle-
viate heat stress and thereby decreased relative
weight of heart of broiler chickens.

Previous study revealed that broilers raised
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in high stocking density pens showed decreased
the relative weight of duodenum, jejunum, ileum
caecum, and colon weights (Thema et al., 2022).
In this regard, stress induced by high density
pens compromised the development of intestine
of broilers. Unlike the above-mentioned study,
our present study showed that the broilers raised
in high density pens had greater relative weight
of duodenum, jejunum, ileum caecum, and colon.
To date, the definite explanation for the latter
discrepancies remains unsolved. With regard
particularly to the KE effect, the KE supplemen-
tation (especially for KE10) was attributed to the
greater relative weights of small intestines, ce-
cum and colon of broilers as compared to those
of other birds. Ahsan et al. (2018) reported that
dietary phytogenic supplementation increased
height and diameter of villus, as well as in-
creased goblet cell number. The latter condition
may therefore enhance the relative weight of in-
testine and the capacity of digestion and absorp-
tion in broilers. Indeed, our inference was sup-
ported by the fact that KE supplementation re-
sulted in better FCR of broilers.

Our current finding showed that raising
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broilers in high density pens did not induce the
change in abdominal fat content. In accordance
with our result, Zuowei et al. (2011) showed no
significant effect of stocking density on the ab-
dominal fat content of broiler chickens. With
regard to phytogenic effect, the dietary KE sup-
plementation increased abdominal fat yield of
broilers in the current study. This finding was in
contrast to Sugiharto ef al. (2020) reporting the
reduced abdominal fat content in broiler chickens
with acidified turmeric supplementation. There is
no exact explanation for the latter circumstance.
However, phytogenic supplementation seemed to
promote faster development in broilers resulting
in an earlier change from muscle to fat deposi-
tion (Hossain et al., 2013). The increased energy
availability in the body as a consequence of the
phytocomponents’ effects may also increase fat
synthesis and deposition (Vase-Khavari et al.,
2019).

Intestinal Conditions of Broilers

Data on villus height, crypt depth and se-
lected bacterial counts of broilers raised in high
stocking density pens are presented in Table 4.
Among the treatment groups, crypt depth of the
duodenum was the lowest (p<0.05) in KEO.
However, there was no significant effect of the
treatments on the villus height and villus height
to crypt depth ratio. There was no substantial
effect of the treatments on the counts of coliform
and LAB in the ileum of broilers.

It was apparent in the present study that
crypt depth was lower in KEO chicks than that in
the other groups. According to Sholeha et al.
(2023), efficient nutrient absorption and better
growth performance in broilers were linked to
decreased crypt depth. However, data in our cur-
rent study showed the opposite condition, in that
the chickens of KEO group had higher FCR
(lower feed efficiency) than that of KE2.5, KES
and KE10 groups. Indeed, the villus height to
crypt depth ratio seems to be more important in
nutrient absorption than simply crypt depth. In
this respect, Awad et al. (2009) confirmed that
one of the most important factors linked to the
absorption of nutrients, feed efficiency and
weight gain of broiler chickens is the ratio of
villus height to crypt depth. They further con-
firmed that improvements in growth performance
of broiler chickens were linked to increases in

the villus height:crypt depth ratio.

It has been shown in the present study that
there was no change in coliform and LAB counts
in the ileum of broilers with different stocking
density pens. This finding was in accordance
with Ningrum et al. (2022) showing no differ-
ence in coliform and LAB numbers in the ileum
of broilers raised in either normal or high-density
pens. Indeed, the treatment with KE did not af-
fect the numbers of coliform and LAB in the ile-
um of broilers in the current study. This actually
was different from Ningrum et al. (2022) as they
reported the efficacy of the encapsulated Cosmos
caudatus leaf extract in reducing and enhancing
the counts of coliform and LAB in the ileum and
caeccum of broilers, respectively. Different anti-
microbial activities between C. caudatus leaf
extract and KE may be responsible for the above
divergent results.

Antioxidant Status of Broilers

The levels of SOD were higher (p<0.05) in
KES5 and KE10 as compared to TO, KEO and
KE2.5 chicken groups. However, there was no
significant effect of the treatments on the MDA
levels in the serum of broilers (Table 5).

In the present study, the effect of stocking
density did not have a substantial effect on the
antioxidant status of broilers as indicated by the
levels of MDA and SOD in the serum. This find-
ing was in line with other parameters measured
in the current study particularly growth perfor-
mance and FCR of broilers as discussed in the
previous section. Interesting results were shown
in the present study, in which broilers raised in
the high stocking density pens receiving KE
(especially at 5 and 10 g/kg of feed) had higher
serum SOD levels. This indicated that dietary KE
supplementation was beneficial to improve the
antioxidant status of broilers stocked in high den-
sity pens. Indeed, the antioxidative compounds in
the KE (Hanum and Maesen, 1997; Arung et al.,
2012; Soromouo et al., 2012) was most likely to
contribute for improving the antioxidative status
of broilers particularly during stress conditions.

CONCLUSION

Stocking in high density pens negatively
affected the carcass yield of broiler chickens.
Dietary KE supplementation was beneficial to
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improve FCR and antioxidant status of broiler
chickens as indicated by the SOD levels. Never-
theless, caution must be taken when using KE
because excessive use of KE can make the feed
less palatable.
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