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Abstract | Palm kernel meal (PKM) is a potential feed for poultry but is limited by its relatively high cellulose and
mannan content. Supplementation with probiotics, particularly lactic acid bacteria that produce cellulase and mannanase
enzymes, is used to overcome these limitations. The aim of this study was to evaluate the effect of introducing palm
kernel meal into the diet of broiler chickens, with probiotics (combination of Lactobacillus fermentum and Bacillus
subtilis) on performance, carcass quality and intestinal morphology of broiler. This study used 162 broilers of the
Cobb CP 707 strain. The research was conducted using an experimental Completely Randomized Design (CRD)
with a 3x3 factorial arrangement and three replications. Factor A (L. fermentum and B. subtillis dose) consisted of Al
(No Probiotic), A2 (1.21x10*? CFU/ml), and A3 (1.21x10* CFU/ml). Factor B (Percentage of PKIM) consisted of
B1 (0% PKM), B2 (25% PKM), and B3 (30% PKM). The parameters observed were performance (feed intake, body
weight gain and FCR), carcass quality (carcass percentage, abdominal fat percentage and thigh meat cholesterol) and
intestinal morphology of broiler. The results show that PKIM can be included up to 30% in the diet when supplemented
with probiotics at a dose of 1.21 x 10" CFU/mL, resulting in significant improvements (P < 0.05) in performance,
carcass quality, and intestinal morphology. In conclusion, the use of PKIM up to 30% in broiler feed accompanied by
the administration of probiotics at a dose of 1.21x10'* CFU/mL can improve broiler performance, carcass quality and
intestinal morphology.
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INTRODUCTION production efficiency and economic sustainability. Cost
reduction efforts can be achieved through the incorporation
of locally available plant-based resources and nutritionally

Feed constitutes the largest cost component in livestock
valuable agro-industrial by-products (Srifani e# a/., 2024;

production systems, accounting for approximately

60-80% of total production expenses. Therefore, strategic
selection of feed ingredients is a key determinant of

Djulardi ez a/., 2023). In this context, palm kernel meal
(PKM), an abundant by-product of the palm oil industry
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in Indonesia, has gained increasing attention as a potential
alternative feed ingredient.

Palm kernel meal is a locally available feed ingredient
derived from the solid by-product of the palm oil
processing industry and has considerable potential as an
alternative feed resource due to its abundant availability
in Indonesia and its non-competitive nature with human
tfood consumption. Nutritionally, PKIM contains moderate
levels of crude protein (17.31%), crude fiber (27.62%),
crude fat (7.14%), calcium (0.27%), phosphorus (0.94%),
and a relatively high copper concentration of 48.04 ppm
(Mirnawati ez al., 2023). However, its application in
broiler diets remains limited, typically restricted to 5-10%,
primarily due to its high crude fiber content dominated by
B-mannan, which constitutes approximately 57.8% of the
total fiber fraction (Gémez-Osorio ez al., 2022). Broiler
chickens lack endogenous enzymes capable of efficiently
degrading complex polysaccharides such as B-mannan,
resulting in reduced nutrient digestibility and utilization
(Mirnawati ez al., 2025a). Therefore, strategies to improve
the inclusion level of PKM in broiler rations are required,
particularly through approaches aimed at enhancing
fiber degradation, such as probiotic supplementation
with enzyme-producing bacteria capable of synthesizing
cellulase and mannanase, which may improve nutrient

availability and overall feed efficiency.

Probiotics are defined as live microorganisms that
confer health benefits to the host by maintaining the
balance of intestinal microflora upon colonization of the
gastrointestinal tract. Their supplementation has been
widely reported to enhance feed digestibility, improve gut
health, promote body weight gain, optimize feed conversion
ratio (FCR), and increase overall nutrient utilization
in poultry (Melia ez al., 2022; Sabo et al., 2020; Iryos ez
al., 2025). In addition, probiotics function as natural and
safe alternatives to antibiotic growth promoters, as many
probiotic strains are classified as Generally Recognized
as Safe (GRAS), thereby supporting sustainable and
antibiotic-free livestock production systems (Srifani ez a/.,
2024).

Certain probiotic bacteria are known to produce digestive
enzymes that enhance nutrient utilization in poultry. In the
present study, cellulase- and mannanase-producing bacteria
were employed to mitigate the limitation associated with
the high B-mannan content of diets containing palm kernel
meal (PKM). Among the potential probiotic candidates,
Lactobacillus fermentum and Bacillus subtilis have been
widely reported for their ability to produce cellulase and
mannanase enzymes. Mirnawati ez a/. (2025b) evaluated
a 1:1 consortium of L. fermentum and B. subtilis and
reported strong iz vitro probiotic characteristics, including
high enzyme activities (cellulase 13.71 U/mL, mannanase

17.05 U/mL, and protease 9.32 U/mL), tolerance to acidic
conditions (70.6% survival at pH 2.5), bile salts (62.84%
at 0.3%), and elevated temperature (83.15% at 42°C),
along with high hydrophobicity (83.75%), autoaggregation
(71.64-73.32%), coaggregation (78.13%), and pronounced
antagonistic activity against Escherichia coli, Salmonella
enteritidis, and Staphylococcus aureus (inhibition zones
of 15.07-17.12 mm). Despite the promising in witro
probiotic performance, the in vivo efficacy of this bacterial
consortium has not yet been investigated. Therefore,
the objective of this study was to biologically evaluate
the optimal dosage of the L. fermentum and B. subtilis
consortium in broilers fed PKIM-containing diets, with the
aim of improving PKM utilization and achieving optimal
broiler performance.

MATERIALS AND METHODS

EXPERIMENTAL DESIGN

The present study was approved by the Animal Ethics
Committee of Andalas University, West Sumatera,
Indonesia. This study was conducted at the Poultry
Experimental Farm and the Non-Ruminant Nutrition
Laboratory, Faculty of Animal Science, Universitas Andalas,
Padang, Indonesia. This study employed an experimental
method using a Completely Randomized Design (CRD)
with a 3x3 factorial arrangement and three replications.
The first factor (A) was the probiotic dosage, consisting of
three levels: A1 (without probiotic), A2 (1.21x10"* CFU/
mL), and A3 (1.21x10*CFU/mL). The second factor (B)
was the level of palm kernel meal (PKM) inclusion in the
diet, with three levels: B1 (0% PKM), B2 (25% PKM), and
B3 (30% PKM). The probiotics used in this study were a
consortium of L. fermentum and B. subtilis with a ratio of
1:1.

BIRDS AND DIET

The composition of the experimental diets is presented
in Table 1, while the nutritional composition (%) and
metabolizable energy (kcal/kg) of the treatment diets are
shown in Table 2. A total of 162 one-day-old Cobb CP707
broiler chicks, with an average initial body weight of 42
+ 1.2 g were used in this study. The chicks were evenly
distributed across 9 treatment groups in a 3x3 factorial
design, with 3 replications per treatment and 6 birds per
experimental unit.

Birds were housed in floor pens bedded with wood
shavings, with a feeder and drinker provided in each pen.
All birds were maintained under uniform management and
environmental conditions. Probiotics were administered
through drinking water. Feed and drinking water were
provided ad libitum throughout the experimental period.
The broilers were reared for 42 days.
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Table 1: Composition of treatment rations (%).

Feed ingredients Treatment feed
B1 B2 B3

Corn 45.10 25.10 20.40
Soybean meal 29.50  23.60 22.30
Rice bran 3.55 0.00 0.00
Palm kernel meal 0.00 25.00 30.00
Fish meal 20.00 20.00 20.00
Coconut oil 1.25 5.70 6.70
Mineral mixture 0.60 0.60 0.60
Total 100 100 100

Table 2: Nutrient composition (%) and metabolizable
energy (kcal/kg) of experimental feeds.

Food substances Treatment feed

B1 B2 B3
Crude protein (CP) 22.15 22.12 22.08
Crude lipid (CL) 4.02 9.63 10.88
S e 414 972 10.86
Ca 1.37 1.34 1.33
P 0.79 0.91 0.95
Methionine 0.65 0.56 0.54
Lysine 2.27 2.04 1.99
Metabolic Energy (ME) 3000.54 3006.51 3002.10
PARAMETERS

GROWTH PERFORMANCE

Feed consumption was recorded from reducing the amount
of ration given with the remaining feed. Data on body
weight gain were obtained by weighing the chickens every
week from the second week to the fifth week. Body weight
gain was calculated as a result of weight reduction at time
t compared to previous body weight. The feed conversion
ratio was calculated as ration consumption divided by body
weight gain.

CARCASS QUALITY

The carcass quality observed in this study were carcass
percentage, abdominal fat percentages and cholesterol in
broiler thigh meat. The carcass percentage was calculated
as the ratio of carcass weight to live weight multiplied by
100%. The abdominal fat percentage was calculated as the
weight of fat deposited between the abdominal muscles and
the intestines divided by the live body weight, multiplied
by 100%.

Cholesterol analysis was conducted using the Burke
(1974) method. The principle of this analysis is based on
the reaction between cholesterol extracted in chloroform
and acetic anhydride followed by concentrated sulfuric
acid, resulting in a colored complex whose absorbance

is measured at a wavelength of 340 nm. The intensity of
absorbance is directly proportional to the cholesterol
concentration. Thigh meat samples (50 g) were weighed
and homogenized using a blender. The homogenized
samples were extracted with chloroform, and the resulting
clear extract was divided into two portions: one treated
with the Liebermann—Burchard reagent as the test solution
and the other treated with the Liebermann—Burchard
control solution. The developed color was measured using a
spectrophotometer at 340 nm, allowing the determination
of cholesterol content in the samples.

INTESTINAL MORPHOLOGY

Small intestinal morphology was evaluated following the
method described by Harimurti and Endang (2009). The
observed parameters included villus height, villus width,
and crypt depth in the duodenum, jejunum, and ileum.
The duodenum was defined as the proximal segment of
the small intestine forming parallel loops, the jejunum
as the middle segment located between the distal end of
the duodenum and Meckel’s diverticulum, and the ileum
as the segment extending from Meckel’s diverticulum to
the ileocecal junction. For ileal sampling, a 2 cm segment
was collected approximately 4 cm distal to Meckel’s
diverticulum.

Fresh intestinal samples were excised into 2 cm segments
from each intestinal section (duodenum, jejunum, and
ileum) and immediately fixed in 10% buffered formalin for
24-48 h prior to histological processing. Tissue samples
were then prepared for histological examination using the
hematoxylin—eosin (H&E) staining technique. Briefly,
tissue sections were dehydrated through a graded series of
ethanol solutions with increasing concentrations, immersed
sequentially in each concentration for approximately
10 s, cleared in xylol, and subsequently embedded in
paraffin. Paraffin-embedded tissues were sectioned using a
microtome and stained with hematoxylin and eosin.

Prepared histological slides were examined and measured
using a light microscope equipped with computer-assisted
imaging. Measurements of villus height, villus width, and
crypt depth were performed using an Olympus BX51
microscope fitted with an Olympus DP12 digital camera.
Initial observation and field selection were conducted at
4x magnification, and representative histological images
were captured once appropriate intestinal morphology was
identified. A minimum of six measurements per slide were
recorded for each morphological parameter. Quantitative
analysis was conducted using Microsoft Office Picture
Manager at 40x magnification, following calibration
of micrometer scale units (um) to ensure accurate
measurement of villus and crypt dimensions displayed on
the monitor.
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DATA ANALYSIS

All data obtained in this study were analyzed using analysis
of variance (ANOVA) to determine the significant effect of
the treatments (Steel and Torie, 2097). Each experimental
unit consisted of six birds, and the experimental unit was
used as the basis for statistical analysis. Duncan’s multiple
range test (DMRT) was used to distinguish significant

differences among treatment means at P < 0.05.

RESULTS AND DISCUSSION

EFFECT OF TREATMENT ON BROILER PERFORMANCE
EFFECT OF TREATMENTS ON FEED INTAKE

Data in Table 3 indicate that increasing probiotic (L.
fermentum and B. subtilis) supplementation alongside
higher dietary PKM levels progressively increased (P
< 0.01) broiler feed intake. These findings indicate that
supplementation with a high probiotic dose, particularly
1.21x10™*CFU/mL administered through drinking water,
effectively supported the inclusion of PKM up to 30% in
broiler diets without compromising feed consumption. This
suggests that probiotic supplementation plays a crucial role
in improving broiler tolerance to high-fiber diets.

'The increased feed intake observed in treatments A2 and
A3 was closely associated with probiotic supplementation
at doses of 1.21x10" and 1.21x10* CFU/mL,
respectively. Probiotics enhanced the population of
beneficial microorganisms in the gastrointestinal tract,
thereby promoting a more stable intestinal microbial
ecosystem and suppressing pathogenic bacteria. Improved
gut health and digestive efficiency accelerated digesta
passage and nutrient absorption, leading to earlier onset
of hunger signals and increased feeding frequency. These
results are consistent with Zhang ez a/. (2021), who
reported that probiotic supplementation via drinking
water improves intestinal health, enhances nutrient
absorption, and accelerates gastrointestinal emptying,
ultimately increasing feed intake in broilers.

Table 3: Effect of treatments on broiler performance.

In contrast, the lower feed intake observed in treatments
A1B1,A1B2,and A1B3(withoutprobioticsupplementation)
with increasing PKM levels was primarily attributed to
the high crude fiber content of the diets. High-fiber diets
tend to reduce palatability and nutrient digestibility while
slowing digesta transit, resulting in prolonged satiety
and delayed hunger signals, which subsequently reduce
feeding frequency and total feed intake. This observation
is in agreement with Tejeda and Kim (2021), who reported
that elevated dietary fiber increases digesta bulk and slows
gastrointestinal passage, thereby prolonging satiety and
decreasing feed consumption.

In the present study, treatment A3B3 yielded the highest
feed intake, reaching 854 g/bird/week with a diet
containing 30% PKM and a probiotic dose of 1.21x10™*
CFU/mL. This value exceeded the feed intake reported by
Mirnawati ez al. (2025a), who utilized PKIM-fermented
diets supplemented with a similar bacterial consortium and
reported a feed intake of 815.27 g/bird/week. These results
demonstrate that high-dose probiotic supplementation via
drinking water can effectively enhance feed intake even
in diets with high PKM inclusion, offering a practical
alternative to feed fermentation for improving PKM
utilization in broiler production.

EFFECT OF TREATMENTS ON BODY WEIGHT GAIN
Based on the data presented in Table 3,increasing the dosage
of L. fermentum and B. subtilis probiotics in conjunction
with higher levels of PKM resulted in a corresponding
increase (P < 0.01) in body weight gain (BWG) of broilers.
These findings indicate that supplementation with a
high probiotic dose, particularly 1.21 x 10" CFU/mL
administered through drinking water, effectively enhanced
the utilization of PKM up to 30% in broiler diets. This
demonstrates that probiotic supplementation can mitigate
the limitations associated with high PKM inclusion and
support improved growth performance.

Parameters Factor A (Probiotic dose) Factor B (PKM percentage) SEM SE
B1 (0%) B2 (25%) B3 (30%)
Feed intake (g/bird/ Al (without probiotic) 758 8 736 ¢ 724 ¢ 10.11  2.81
week) A2 (1.21x 102 CFU/ml) 770 B 774 B 779 A 2.48
A3 (1.21x 10" CFU/ml) 785 <A 833 A 854 A 20.33
Body weight gain A1 (without probiotic) 4258 415*¢ 399 <€ 7.72 2.72
(g/bird/week) A2 (1.21x 102 CFU/ml) 43318 443 B 447 B 3.9
A3(1.21x 10* CFU/ml) 455 <A 506 b2 526 A 21
FCR A1 (without probiotic) 1.83 A 1.85 A 1.86 A 0.01 0.02
A2 (1.21x 10" CFU/ml) 1.82 4 1.75 b8 iL.77 0.02
A3 (1.21x 10 CFU/ml) il 71l = 1.66 ¢ 1.66 *© 0.02

Description: Different lowercase letters in rows (P<0.01) and different uppercase letters in columns (P<0.01) indicate a very

significant difference.
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The increased BWG observed in treatments A2 and A3
was closely associated with probiotic supplementation at
doses of 1.21x10" and 1.21x10"*CFU/mL, respectively.
The presence of L. fermentum and B. subtilis promotes the
proliferation of beneficial intestinal microflora, leading to a
more balanced microbial ecosystem in the gastrointestinal
tract. Improved microbial balance enhances digestive
efficiency and nutrient absorption, allowing broilers
to utilize dietary nutrients more effectively for tissue
growth. This is consistent with Idowu ez a/. (2025), who
reported that probiotics such as Lactobacillus and Bacillus
spp. increase beneficial microbial populations, suppress
pathogenic bacteria, and improve digestive efhiciency,
ultimately resulting in greater body weight gain.

Conversely, the lower BWG observed in treatments A1B1,
A1B2,and A1B3 (without probiotic supplementation) was
primarily attributed to the high crude fiber content of the
diets, which was not accompanied by enzymatic support.
Broilers possess a limited ability to digest dietary fiber; as a
result, undigested fiber accumulates in the gastrointestinal
tract, creating a bulky effect that prolongs satiety and
decreases nutrient availability. High fiber content has been
reported to significantly decrease nutrient digestibility and
impair growth performance due to its swelling properties
and reduced efficiency of nutrient absorption (Jha and
Mishra, 2021). As a result, nutrient utilization for muscle
deposition becomes suboptimal, leading to reduced BWG.

In the present study, treatment A3B3 produced the highest
BWG, reaching 526 g/bird/week with a diet containing
30% PKM and a probiotic dose of 1.21x10** CFU/mL.
'This value exceeded the BWG reported by Mirnawati ez a/.
(2025a), who utilized PKM-fermented diets supplemented
with a similar bacterial consortium and achieved a BWG
of 470.45 g/bird/week. These results indicate that high-
dose probiotic supplementation via drinking water can
effectively enhance growth performance in broilers
ted high-PKM diets, offering a practical and efficient
alternative to feed fermentation strategies.

ErrecT OF TREATMENTS ON FCR

Based on the data presented in Table 3, the reduction (P <
0.01) in feed conversion ratio (FCR) observed in treatments
A2 and A3 was attributed to probiotic supplementation of
L. fermentum and B. subtilis administered through drinking
water. A lower FCR indicates that less feed is required to
achieve a given level of BWG, reflecting more efficient
feed utilization. This finding is consistent with Ciptaan es
al. (2021), who reported that a lower FCR is indicative
of improved efficiency in feed use and enhanced growth
performance in broilers.

In contrast, the higher FCR observed in treatment Al

(without probiotic supplementation) was primarily
associated with excessive crude fiber content exceeding the
tolerance level in broiler diets. High dietary fiber impairs
digestive processes and nutrient absorption, resulting in
suboptimal utilization of feed nutrients. Higher dietary
fiber levels increase gut fill and satiety, resulting in reduced
feed intake and lower energy and protein consumption.
At the same time, fiber is poorly digested by broilers
and interferes with nutrient availability, thereby limiting
nutrient allocation for growth. Consequently, the imbalance
between feed intake and BWG leads to an increased FCR.
Ginindza e a/. (2022) similarly reported that higher crude
fiber levels in broiler diets reduce nutrient digestibility and
increase FCR due to decreased efficiency of feed utilization
for growth.

Notably, comparable low FCR values observed in
treatments B2 and B3 alongside increasing probiotic
doses indicate that higher inclusion levels of PKM did not
compromise feed efficiency when supported by probiotic
supplementation. This suggests that the presence of
beneficial microbes plays a critical role in maintaining feed
efficiency under high-fiber dietary conditions by improving
nutrient digestion and utilization.

In the present study, treatment A3B3 resulted in the most
tavorable FCR value of 1.66,achieved with a diet containing
30% PKM and a probiotic dose of 1.21x10** CFU/mL.
'This value was lower than that reported by Mirnawati ez a/.
(2025a), who utilized fermented PKM diets supplemented
with a similar combination of L. fermentum and B. subtilis
and obtained an FCR of 1.75. These results demonstrate
that high-dose probiotic supplementation via drinking
water can effectively improve feed efhiciency in broilers fed
high-PKM diets, even without prior feed fermentation.

EFFECT OF TREATMENT ON CARCASS QUALITY

EFFECT OF TREATMENTS ON CARCASS PERCENTAGE
According to the data presented in Table 4, the highest
(P < 0.01) carcass yield was observed in treatment A3B3,
which combined a probiotic dose of 1.21x10"* CFU/mL
with a dietary inclusion of 30% PKM. The improvement in
carcass percentage indicates enhanced efficiency of nutrient
utilization, which is likely associated with the metabolic
activity of L. fermentum and B. subtilis as producers of
cellulase and mannanase enzymes. Cellulase contributes
to the breakdown of structural fiber components,
while mannanase specifically hydrolyzes B-mannan, a
predominant non-starch polysaccharide in PKM. The
enzymatic degradation of these fiber fractions improves
the availability of energy and nutrients, allowing broilers
to more effectively utilize high-PKIM diets and redirect
absorbed nutrients toward carcass tissue deposition,
thereby resulting in a higher carcass percentage.
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Table 4: Effect of treatments on carcass quality.

Parameters Factor A (Probiotic dose) Factor B (PKM percentage) SEM SE
B1 (0%) B2 (25%) B3 (30%)
Carcass percentage (%) Al (without probiotic) 72.21 71.18 ¢ 70.72 *¢ 0.44 0.27
A2 (1.21x 10 CFU/ml) 72.73 b8 73.17 1B 74.34 B 0.48
A3 (1.21x 10" CFU/ml) 74.64 A 76.02 >A 77.28 A 0.76
Abdominal fat (%) A1 (without probiotic) 1.41 24 1.34%4 1.30 4 0.03 0.01
A2 (1.21x 102 CFU/ml) 1.25 48 1.12 b8 1.07 B 0.05
A3(121x 104 CFU/ml)  0.99 < 0.86 0.74 < 0.07
Thigh meat cholesterol A1l (without probiotic) 126.67 ** 120.93 ®4 118.43 <A 2.44 0.75
(mg/100g) A2 (1.21x 102 CFU/ml)  115.73*® 110.83 *® 103.27 3.63
A3 (1.21x 10" CFU/ml) 101.17 =€ 96.00 b¢ 93.70 <€ 2.21

Description: Different lowercase letters in rows (P<0.01) and different uppercase letters in columns (P<0.01) indicate a very

significant difference.

In contrast, the lowest carcass yield recorded in treatment
A1B3 suggests that the inclusion of PKIM at a high level
(30%) requires adequate probiotic support to ensure optimal
nutrient utilization. The reduced carcass percentage in this
treatment may be attributed to the absence of probiotic
supplementation capable of producing cellulase and
mannanase, leading to suboptimal degradation of complex
fiber fractions, particularly B-mannan, which dominates
PKM fiber composition. Consequently, a substantial
portion of dietary components remained poorly digested,
limiting the availability of metabolizable energy and
essential nutrients for growth.

This inefficiency in nutrient utilization subsequently
impaired growth performance and muscle tissue accretion.
Diets high in fiber content without enzymatic support may
also reduce palatability and increase gut fill, accelerating
satiety and ultimately suppressing feed intake (Jha and
Mishra, 2021). These conditions result in suboptimal final
body weight, which directly influences carcass yield, given
that carcass percentage is closely related to relative body
weight and the proportion of muscle tissue formed.

EFFECT OF TREATMENTS ON ABDOMINAL FAT

Based on the data presented in Table 4, the lowest (P < 0.01)
abdominal fat percentage was observed in treatment A3B3,
which combined a probiotic dose of 1.21x10"*CFU/mL
with a dietary inclusion of 30% PKM. This response may
be attributed to improvements in intestinal morphology
induced by probiotic supplementation, which enhanced
nutrient absorption efficiency. Structural improvements
in the intestinal mucosa increase the absorptive surface
area, allowing more effective uptake of essential nutrients,
including energy and micronutrients (Walton ez al,
2018). Enhanced nutrient absorption and improved
energy availability can elevate metabolic activity, directing
energy utilization toward muscle growth and other lean
tissue accretion rather than lipid storage. Consequently,

improved intestinal morphology contributes to reduced
abdominal fat deposition in broilers fed high-PKM diets

supplemented with probiotics.

In contrast, the higher abdominal fat percentage observed
in treatment A1B1 may be associated with a lower
population of beneficial bacteria in the gastrointestinal tract
due to the absence of adequate probiotic supplementation
which can lead to intestinal dysbiosis, facilitating the
overgrowth of pathogenic bacteria that produce toxins
and trigger inflaimmatory responses in the intestinal
epithelium. Inflammation compromises mucosal integrity,
disrupts barrier function, and slows epithelial regeneration
(Obianwuna ez al., 2023). These conditions negatively
affect digestive and absorptive processes, including
lipid metabolism, ultimately promoting excessive lipid
accumulation in the abdominal region.

According to Hidayat (2015), normal abdominal fat levels
in broilers range from 0.73% to 3.78% of live body weight,
with values exceeding 3% considered excessive. In the
present study, abdominal fat percentages remained within
the normal range and were lower than those reported
by Tang ez al. (2021), who observed an abdominal fat
percentage of 1.52% in Arbor Acres broilers supplemented
with B. subtilis. Similarly, Wang et al. (2017) reported an
abdominal fat percentage of 1.17% in Cobb 500 broilers
fed Lactobacillus johnsonii BS15 at 1.0x10°CFU/g of diet.
EFFECT OF TREATMENTS ON THIGH MEAT
CHOLESTEROL

Based on the data presented in Table 4, the lowest (P <
0.01) thigh meat cholesterol content was observed in
treatment A3B3, which combined a probiotic dose of
1.21x10"*CFU/mL with a dietary inclusion of 30% PKM.
This reduction in cholesterol level is likely associated
with the higher probiotic dosage administered. Probiotic
bacteria are known to modulate cholesterol metabolism
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by converting cholesterol into less harmful compounds,
thereby reducing its accumulation in animal tissues. This
mechanism is primarily mediated through the activity of
bile salt hydrolase (BSH), an enzyme that deconjugates
bile salts into forms that are less efficiently reabsorbed
in the intestine. As bile salt reabsorption decreases,
the host compensates by utilizing more endogenous
cholesterol for the synthesis of new bile acids, ultimately
lowering cholesterol concentrations in the bloodstream
and peripheral tissues, including muscle. This finding is
consistent with Mursalim ez a/. (2025), who reported that
probiotics can reduce cholesterol absorption through bile
acid metabolism and cholesterol transformation.

In contrast, the highest thigh meat cholesterol content was
recorded in treatment A1B1. The increase in cholesterol
levels under this treatment may result from impaired
nutrient absorption and reduced metabolic efficiency
due to insufficient probiotic supplementation. A low
probiotic dose limits the ability of beneficial microbes
to lower intestinal pH and suppress pathogenic bacteria,
resulting in a less stable and suboptimal gut environment.
Such conditions negatively affect nutrient utilization and
metabolic processes, particularly lipid metabolism, thereby
promoting cholesterol accumulation in body tissues,
including muscle. This observation aligns with the findings
of Getachew (2016), who reported that an unhealthy
intestinal environment contributes to increased cholesterol
levels by disrupting overall lipid metabolism.

The lowest cholesterol concentration observed in the
present study was 93.70 mg/100 g of thigh meat, which is
substantially lower than values reported in previous studies.
Lokapirnasari ez al. (2025) documented a cholesterol
concentration of 135.88 mg/100 g in broiler meat following
probiotic supplementation, while Hasanah and Hartoyo
(2023) reported an even higher value of 265.76 mg/100 g
in broilers receiving probiotic-supplemented diets. These
comparisons suggest that the probiotic strategy applied
in the present study was more effective in reducing meat
cholesterol content.

EFFECT OF TREATMENT ON INTESTINAL MORPHOLOGY
EFFECT OF TREATMENTS ON VILLI HEIGHT

Based on the data presented in Figure 1, a significant
interaction between factor A (probiotic dosage) and
factor B (PKM inclusion level) was observed on the
villus height of the broiler small intestine. Increasing
the probiotic dose up to 1.21x10"*CFU/mL in drinking
water in combination with PKM inclusion levels up to
30% in the diet resulted in a marked increase (P < 0.05)
in villus height. This interaction eftectively enhanced villus
development in the duodenum, jejunum, and ileum. These
findings indicate that higher probiotic supplementation

alongside increased PKM utilization promotes optimal
intestinal villus growth, thereby enlarging the absorptive
surface area and improving nutrient absorption capacity
and overall gut health in broilers.

Effect of treatments on villus height of small intestine (Lm)
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Figure 1: Effect of treatments on villus height of small
intestine (um).

'The increased (P < 0.05) villus height in the duodenum,
jejunum, and ileum observed in treatments A2 and A3 can
be attributed to the supplementation of L. fermentum and
B. subtilis (1.21x10" and 1.21x10"*CFU/mL, respectively)
in drinking water combined with dietary PKM.
Probiotics contribute to intestinal health by modulating
gut microbiota through competitive exclusion, whereby
beneficial microbes compete with pathogenic bacteria
tor nutrients and adhesion sites on the intestinal mucosa.
In addition, probiotics produce antimicrobial substances,
including lactic acid bacteria metabolites and bacteriocins,
which lower intestinal pH and suppress acid-sensitive
pathogens. 'The reduction in pathogenic populations
decreases toxin production and intestinal inflammation,
thereby minimizing villus damage and supporting optimal
crypt cell proliferation and epithelial regeneration (Li
et al., 2021). Improved intestinal integrity under these
conditions facilitates efficient nutrient absorption and
contributes positively to broiler performance.

In contrast, treatment Al (without probiotic
supplementation) combined with higher PKM inclusion
levels (25% and 30%) resulted in reduced (P < 0.05)
villus height across all intestinal segments. This response
is associated with the elevated crude fiber content of the
diet, which exceeds the tolerance threshold of broilers
(approximately 7-9%) (Zhang ez a/., 2023). In the absence
of probiotics, dietary fiber is poorly degraded, leading to
accelerated digesta passage and reduced nutrient absorption
efficiency. Limited nutrient availability impairs epithelial
cell proliferation and crypt regeneration, resulting in villus
shortening or atrophy. Moreover, the lack of probiotic
support may favor the proliferation of pathogenic bacteria
that produce toxins and induce intestinal inflammation,
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turther exacerbating epithelial damage and villus cell
loss (Antonissen ef al., 2016). When the rate of villus cell
damage exceeds that of new cell formation, villus length
cannot be maintained, leading to a reduced absorptive
surface area and compromised intestinal function.

In the present study, treatment A3B3 (probiotic
supplementation of L. fermentum and B. subtilis at
1.21x10**CFU/mL combined with 30% PKM inclusion)
produced the most favorable results, with villus heights
of 1111.48 pm in the duodenum, 1237.98 pm in the
jejunum, and 1048.42 pm in the ileum. These values
were higher than those reported by Lisnahan and Nahak
(2020), who observed villus heights of 867.50 pm, 989.50
pm, and 766.00 pm in the duodenum, jejunum, and
ileum, respectively, under control conditions. Similarly,
Roa e al. (2018) reported lower villus heights in broilers
supplemented with B. subtilis, namely 1022.4 pm in the
duodenum, 1144.1 pum in the jejunum, and 825.9 pm in
the ileum. These comparisons highlight the synergistic
effect of high-dose probiotic supplementation and elevated
PKM inclusion in enhancing intestinal morphology.

EFFECT OF TREATMENTS ON VILLI WIDTH

Based on the data presented in Figure 2, a significant
interaction between factor A (probiotic dosage) and
factor B (PKM inclusion level) was observed on the villus
width of the broiler small intestine. Supplementation of
probiotics up to 1.21x10™ CFU/mL via drinking water,
combined with increasing dietary PKM levels up to 30%,
significantly (P < 0.05) enhanced villus width in the
duodenum, jejunum, and ileum. This finding indicates a
synergistic interaction between probiotic supplementation
and PKM inclusion in supporting intestinal villus growth
and development. Concurrent increases in probiotic dose
and PKM level were consistently associated with broader
intestinal villi in broilers.

effect of treatments on villus width of small intestine (M)
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Figure 2: Effect of treatments on villus width of small
intestine (pum).

The increased (P < 0.05) villus width observed in treatments

A2 and A3 can be attributed to supplementation with L.
fermentum and B. subtilis (1.21x10" and 1.21x10"* CFU/
mL, respectively) administered through drinking water
alongside dietary PKIM. As beneficial live microorganisms,
probiotics colonize the intestinal lumen and exert their
effects by competing with pathogenic bacteria for nutrients
and adhesion sites, while simultaneously creating an acidic
environmentunfavorable for pathogen survival. A reduction
in pathogenic populations alleviates chronic inflammatory
responses in the intestinal mucosa that otherwise lead to
epithelial damage and villus atrophy. With diminished
mucosal injury, epithelial cells originating from the crypts
can proliferate and regenerate more efficiently, resulting
in improved villus architecture characterized by increased
villus width and a higher villus-to-crypt ratio (Awad ez a/.,
2018).

In contrast, treatment Al (without probiotic
supplementation) combined with higher PKM inclusion
levels (25% and 30%) resulted in reduced (P < 0.05) villus
width due to the elevated crude fiber content of the diet
in the absence of probiotic support. Dietary fiber exhibits
bulky properties that promote early satiety in broilers.
Moreover, high fiber content accelerates digesta passage
through the gastrointestinal tract, thereby shortening
the contact time between nutrients and digestive
enzymes. This condition reduces the efficiency of nutrient
degradation and absorption required to support epithelial
cell proliferation and hypertrophy, leading to narrower and
less developed villi. Additionally, the absence of probiotics
facilitates increased colonization of pathogenic bacteria
along the intestinal epithelium. These pathogens can
damage epithelial cells, increase intestinal permeability,
and release virulence factors that trigger inflammatory
responses (Tomal ez al., 2023). Sustained inflammation
accelerates mucosal damage, resulting in villus atrophy
manifested by villus narrowing and a reduced absorptive
surface area, ultimately impairing nutrient uptake. Rinttild
and Apajalahti (2013) further reported that the lack of
probiotic supplementation disrupts gut microbial balance,
reduces the availability of epithelial growth-stimulating
metabolites, and contributes to villus narrowing in the
small intestine.

In the present study, treatment A3B3 (probiotic
supplementation with L. fermentum and B. subtilis at
1.21x10"* CFU/mL combined with 30% PKM inclusion)
yielded the most favorable villus width measurements,
reaching 169.92 pm in the duodenum, 172.32 pm in the
jejunum,and 160.98 pm in the ileum. These values exceeded
those reported by Khatun ¢z a/. (2022), who documented
villus widths of 79.08 pm, 168.63 um, and 47.37 pm in the
duodenum, jejunum, and ileum, respectively, under control
conditions. Similarly, Iryos ez a/. (2025) reported narrower
villi following supplementation with L. fermentum
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CMUL-54 at 1.42 x 10 CFU/mL combined with 25%
PKM, with villus widths of 160.58 pm in the duodenum,
166.02 pum in the jejunum, and 133.80 pum in the ileum.
These comparisons further emphasize the superior
effectiveness of high-dose probiotic supplementation in
conjunction with elevated PKM inclusion in enhancing
intestinal morphology.

EFFECT OF TREATMENTS ON CRYPT DEPTH

Data presented in Figure 3 indicate a significant
interaction between the dosage of L. fermentum and B.
subtilis probiotics and the dietary inclusion level of palm
kernel meal (PKM) on reducing crypt depth in the small
intestine of broilers. Increasing the probiotic dose up to
1.21x10"CFU/mL via drinking water, together with
PKM inclusion levels up to 30% in the diet, exerted a
beneficial effect on crypt depth in the duodenum, jejunum,
and ileum. This interaction demonstrates the combined
contribution of probiotic supplementation and PKM
utilization in supporting intestinal health, as evidenced
by a progressive reduction in crypt depth with increasing
probiotic dose and PKM level.

effect of treatments on crypth depth of small intestine (LMm)
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Figure 3: Effect of treatments on crypth depth of small

intestine (pum).

'The reduced (P < 0.05) crypt depth observed in treatments
A2 and A3 can be attributed to supplementation with L.
fermentum and B. subtilisat 1.21x10"? and 1.21x10"* CFU/
mL, respectively, administered through drinking water in
combination with dietary PKM. These findings suggest
that appropriate probiotic supplementation can effectively
modulate crypt morphology. Shallower crypts reflect
improved intestinal homeostasis, as probiotics enhance
gut microbial balance and reduce mucosal stress, thereby
supporting efficient villus regeneration and digestive
function (Huang ez a/., 2024). A decrease in crypt depth
is commonly associated with reduced epithelial turnover
demands and improved intestinal integrity.

In contrast, Al  (without

treatment probiotic

supplementation) combined with higher PKM inclusion
levels (25% and 30%) resulted in increased (P < 0.05) crypt
depth across all intestinal segments. This response is likely
due to the elevated crude fiber content of the diet in the
absence of probiotic support. High dietary fiber negatively
affects intestinal histomorphology by reducing nutrient
absorption efficiency and increasing the functional
workload of the intestinal epithelium, thereby stimulating
excessive crypt cell proliferation. This hyperproliferative
response may occur as a compensatory mechanism to repair
mucosal damage and inflammation induced by increased
pathogenic bacterial populations. Increased crypt depth
is indicative of intestinal stress and is associated with a
reduced absorptive surface area and compromised nutrient
utilization. Consistent with this observation, Kumar ez a/.
(2016) reported that inadequate probiotic function can
decrease the villus height to crypt depth ratio, ultimately
impairing gastrointestinal health.

In the present study, treatment A3B3 (probiotic
supplementation with L. fermentum and B. subtilis at 1.21
x 10" CFU/mL combined with 30% PKM inclusion)
produced the most favorable crypt depth values, measuring
116.63 pm in the duodenum, 94.82 pum in the jejunum,
and 123.28 um in the ileum. These values were notably
lower, particularly in the jejunum and ileum, than those
reported in control treatments by Bogustawska (2021), who
documented crypt depths of 180.6 pm, 150.5 pm, and 149.3
pm in the duodenum, jejunum, and ileum, respectively.
Similarly, de Souza ez al. (2024) reported greater crypt
depths following Lactobacillus spp. supplementation, with
values of 164.57 pm in the duodenum, 122.39 pm in the
jejunum, and 137.01 pm in the ileum. These comparisons
further emphasize the effectiveness of high-dose probiotic
supplementation combined with elevated PKM inclusion
in improving intestinal morphology.

CONCLUSION

In conclusion, palm kernel meal can be used up to 30%
in the ration followed by supplementation with the
consortium probiotic (L. fermentum and B. subtilis) at a
dose of 1.21 x 10" CFU/mL which can improve broiler
performance, carcass quality and intestinal morphology.
Furthermore, this probiotic consortium can serve as
a potential alternative to antibiotic growth promoters

(AGPs) in broilers.
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