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Abstract | Cocoa pod husk (Theobroma cacao L.) is an agricultural by product that contains valuable nutrients and has 
potential as an alternative poultry feed ingredient. This study aimed to evaluate the effects of Bacillus subtilis inoculum 
dose and fermentation duration on the nutrient composition and biological value of cocoa pod husk as poultry feed. 
A completely randomized design with a factorial arrangement was employed, consisting of two factors: inoculum 
dose (2%, 4%, and 6%) and fermentation duration (2, 4, and 6 days), with three replications per treatment. Differences 
among treatments were analyzed using Duncan’s Multiple Range Test (DMRT). The parameters observed were dry 
matter, crude protein, crude fat, nitrogen retention, crude fiber digestibility, and metabolizable energy. The results 
showed that the interaction between inoculum dose and fermentation duration significantly (P<0.05) affected crude 
protein, crude fat, nitrogen retention, crude fiber digestibility, and metabolizable energy, but had no significant effect 
(P>0.05) on dry matter content. The optimal fermentation treatment was obtained at a B. subtilis inoculum dose of 
4% and a fermentation duration of 4 days. Under this condition, fermentation improved the nutrient composition and 
biological value of cocoa pod husk, indicating its potential as a more suitable poultry feed ingredient.
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INTRODUCTION

Feed cost remains the largest component of poultry 
production expenses; therefore, the utilization of 

locally available feed resources is an important strategy 
to reduce production costs without compromising animal 
performance (Wizna et al., 2025). One potential local 

feed resource is cocoa pod husk (CPH), which constitutes 
approximately 67–76% of the total weight of the cocoa 
fruit (Campos-Vega et al., 2018). Its abundant availability 
in cocoa-producing regions makes CPH a low-cost and 
sustainable alternative feed ingredient. The potential use 
of CPH as poultry feed is supported by its nutritional 
composition, which includes 11.27% crude protein, 11.37% 
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ash, 9.60% crude fiber, 7.15% crude fat, 60.61% nitrogen-
free extract, 3153.52 kcal/kg metabolizable energy, 1.32 
g/100 g theobromine, 0.50 g/100 g tannin, and 30.49 
mg/100 g phytate (Olugosi et al., 2019).

However, the utilization of CPH in poultry diets is still 
limited due to its high structural fiber content and the 
presence of theobromine. Theobromine is a methylxanthine 
alkaloid naturally found in cocoa (Goya et al., 2022) and 
acts as an antinutritional compound in poultry. High 
concentrations of theobromine may reduce feed intake, 
impair growth performance, and interfere with nutrient 
utilization, thereby limiting the inclusion of cocoa pod husk 
in poultry feed formulations (Mercogliano et al., 2025). 
One approach to overcome these limitations is biological 
processing through fermentation. Fermentation has been 
reported to effectively reduce the theobromine content 
of CPH, thereby improving its safety and suitability as a 
poultry feed ingredient (Oduro-Mensah et al., 2018).

Solid-state fermentation (SSF) is a relatively simple and 
cost-effective method for improving the nutritional value 
of fibrous feed ingredients. Feed processing through 
SSF generally enhances nutrient quality and protein 
digestibility while reducing antinutritional factors, thereby 
positively affecting poultry performance and gut health 
(Olukomaiya et al., 2019). One microorganism with 
considerable potential for this process is Bacillus subtilis. 
This bacterium is capable of forming highly stable spores 
and producing various extracellular enzymes, including 
proteases, xylanases, and cellulases, which contribute 
to fiber degradation and improved nutrient availability 
(Su et al., 2020). Several studies have demonstrated that 
fermentation using B. subtilis can improve the nutritional 
quality of feed ingredients and reduce antinutritional factors 
(Shi et al., 2017). Furthermore, dietary supplementation 
with B. subtilis has been shown to enhance ileal protein 
and energy digestibility in broilers, indicating its role in 
improving nutrient utilization efficiency (Boroojeni et al., 
2018).

The success of fermentation is largely determined by 
inoculum dosage and fermentation duration, as these factors 
influence microbial growth, enzyme activity, and changes 
in the nutrient composition of the substrate. Optimal 
growth and fermentative activity of Bacillus may vary 
depending on the strain and substrate used. Some studies 
have reported maximum activity at relatively low inoculum 
levels (approximately 2%) and short fermentation periods 
(around 48 hours) (Irfan et al., 2016). Other studies have 
shown that peak metabolic activity and enzyme production 
can be achieved at longer fermentation periods, ranging 
from approximately 96 hours (4 days) to 6 days, depending 
on the fermentation objective and substrate characteristics 
(Sun et al., 2023; Moharam et al., 2023).

Numerous studies have been conducted to improve the 
nutritional quality of cocoa pod husk through fermentation. 
Fermentation of CPH using Phanerochaete chrysosporium 
and Ganoderma lucidum has been reported to reduce fiber 
content and improve feed quality (Wahyudi et al., 2023). 
Other studies have employed Aspergillus oryzae (Rakhmani 
and Puastuti, 2021), Ganoderma lucidum (Samadi et al., 
2022), and Talaromyces verruculosus (Oduro-Mensah et 
al., 2020) to enhance the nutritional value of cocoa pod 
husk. However, most of these studies have focused on the 
use of fungi as fermentation agents, whereas information 
regarding the use of bacteria, particularly B. subtilis, 
remains limited.

Previous studies have generally focused on changes in the 
chemical composition of cocoa pod husk, such as crude 
protein and crude fiber content, without comprehensively 
evaluating its biological value as a poultry feed ingredient, 
including nitrogen retention, crude fiber digestibility, 
and metabolizable energy. Moreover, information on the 
optimal combination of inoculum dosage and fermentation 
duration to improve both the nutritional composition 
and biological value of cocoa pod husk is still lacking. 
Therefore, this study was conducted to evaluate the effects 
of B. subtilis inoculum dosage and fermentation duration 
on the nutrient composition and biological value of cocoa 
pod husk as a poultry feed ingredient.

MATERIALS AND METHODS

Materials
Cocoa pod husks were obtained from smallholder cocoa 
plantations in Medan City, Indonesia. The microorganism 
used in this study was B. subtilis ATCC 6051, which 
was rejuvenated at the Feed Nutrition and Technology 
Laboratory prior to its use as a fermentation inoculum. 
Nutrient Agar (NA) was used as the bacterial growth 
medium. Other materials included rice bran, rice husk ash, 
and distilled water.

A total of 33 five-week-old broiler chickens were used 
for the biological evaluation. Twenty-seven birds were 
allocated to the nine experimental treatment combinations, 
with three birds per treatment. Three additional birds were 
used for endogenous nitrogen correction, while three birds 
received the basal diet as the control group. Chemicals 
required for proximate analysis and reagents used for 
determining nitrogen retention, crude fiber digestibility, 
and metabolizable energy were also used in this study.

Methods
The experiment was conducted using a 3 × 3 factorial 
Completely Randomized Design (CRD) with three 
replications.
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Factor A was the inoculum dose of Bacillus subtilis (% 
w/w), consisting of three levels:
A1 = 2%
A2 = 4%
A3 = 6%

Factor B was the fermentation duration, consisting of three 
levels:
B1 = 2 days
B2 = 4 days
B3 = 6 days

The combination of these factors resulted in nine treatment 
combinations, with a total of 27 experimental units.

Preparation of rice husk ash filtrate
Rice husk ash filtrate was prepared by completely combusting 
rice husks to obtain ash, which was subsequently dissolved 
in clean water. A 20% rice husk ash solution was prepared 
by mixing 2 kg of rice husk ash with 8 L of clean water. The 
mixture was allowed to stand for 24 h and was then filtered 
to obtain the filtrate.

Substrate preparation
Cocoa pod husks were collected from cocoa plantations 
in Medan, Indonesia. The husks were chopped into small 
pieces and soaked in rice husk ash filtrate for 48 h. After 
soaking, the cocoa pod husks were drained and oven-dried, 
then ground into meal for use as the fermentation substrate.

Rejuvenation of Bacillus subtilis
Bacillus subtilis was rejuvenated on Nutrient Agar (NA) 
medium. The NA medium was dissolved in sterile 
distilled water and heated until completely homogenized. 
Approximately 5 mL of the medium was dispensed into 
each test tube, sealed with cotton plugs and aluminum 
foil, and sterilized in an autoclave at 121°C for 15 min. 
After sterilization, the tubes were placed at an angle of 
approximately 20° to form agar slants. The medium was 
inoculated with B. subtilis using a sterile inoculating loop 
and incubated at 37 °C for 24 h. The resulting culture was 
used as the inoculum source for the subsequent stage.

Preparation of Bacillus subtilis inoculum
A total of 100 g of rice bran was placed in a heat-resistant 
container and sterilized in an autoclave at 121°C and 15 psi 
for 15 min, then cooled to room temperature under sterile 
conditions. Colonies of B. subtilis from the rejuvenated 
agar slants were collected using a sterile inoculating loop 
and suspended in 10 mL of sterile distilled water to obtain 
a homogeneous suspension. 

The suspension was further diluted with sterile distilled 
water to achieve an inoculum density of 10⁸ CFU/mL, as 
determined by the total plate count method. The inoculum 

suspension was mixed with the sterilized rice bran, and 
sterile water was added until the moisture content reached 
approximately 50%. The mixture was incubated aerobically 
at 37 °C for 24 h. After incubation, the material was dried 
in an oven at 40 °C until a powdered form was obtained 
and subsequently used as a dry inoculum.

Fermentation of cocoa pod husk with Bacillus 
subtilis
For each treatment, 200 g of cocoa pod husk substrate was 
weighed and sterilized in an autoclave at 121°C and 15 
psi for 15 min, then cooled to room temperature under 
sterile conditions. The moisture content of the substrate 
was adjusted to approximately 50% prior to fermentation. 
The sterilized substrate was inoculated with B. subtilis at 
the respective treatment levels (2%, 4%, and 6% w/w of 
substrate weight) and thoroughly mixed to ensure uniform 
distribution. 

Fermentation was carried out aerobically at 37°C for 2, 4, 
and 6 days according to the treatment. Upon completion 
of fermentation, the product was dried at 80°C for 2 
h to terminate microbial activity, followed by further 
drying at 60°C for 6 h until a stable moisture content was 
achieved. The dried product was then ground to obtain a 
homogeneous sample and stored for subsequent analyses.

Biological evaluation
The biological evaluation was conducted to determine 
nitrogen retention, crude fiber digestibility, and 
metabolizable energy of the fermented cocoa pod husk. 
The birds underwent a 3-day adaptation period to allow 
adjustment to the experimental diets and experimental 
conditions, followed by a 5-day total excreta collection 
period. During the collection period, feed intake and 
excreta output were recorded daily. Excreta were collected 
quantitatively, processed, and analyzed for nitrogen and 
crude fiber contents, while feed and excreta samples were 
analyzed for gross energy. The resulting data were used to 
calculate nitrogen retention, crude fiber digestibility, and 
metabolizable energy. The same evaluation procedures 
were applied to all experimental groups.

Parameters
Laboratory analysis
Proximate analysis was conducted according to AOAC 
(2016) to determine dry matter, crude protein, and crude 
fiber contents. Dry matter was determined by oven drying 
to constant weight, crude protein by the Kjeldahl method 
based on nitrogen determination, and crude fiber by acid–
alkali digestion followed by drying and ashing.

Biological evaluation
The biological parameters evaluated were nitrogen 



      Journal of Animal Health and Production

December 2026 | Volume 14 | Issue 4 | Page 1669

retention, crude fiber digestibility (McDonald et al., 2011), 
and metabolizable energy determination. The biological 
evaluation consisted of nitrogen retention, crude fiber 
digestibility, and metabolizable energy determination. 
Following a 3-day adaptation period, total excreta were 
collected for 5 consecutive days. Feed intake and total 
excreta output were recorded during the collection 
period. Excreta samples were collected daily, weighed, 
and processed for subsequent chemical analysis. Nitrogen 
retention was calculated from nitrogen intake and nitrogen 
excretion. Crude fiber digestibility was calculated from the 
intake and excretion of crude fiber. Metabolizable energy 
was determined using the Sibbald (1976) method.

Data analysis
All data were analyzed using analysis of variance (ANOVA) 
based on a 3 × 3 factorial Completely Randomized Design 
(CRD), with B. subtilis inoculum dose, fermentation 
duration, and their interaction included in the statistical 
model. When significant treatment effects were detected 
(P < 0.05), Duncan’s Multiple Range Test (DMRT) was 
applied for mean separation (Steel and Torrie, 1991).

RESULTS AND DISCUSSION

The effects of B. subtilis inoculum dose and fermentation 
duration on the chemical composition of cocoa pod husk are 
presented in Table 1. The analysis of variance showed that 
the interaction between inoculum dose and fermentation 
duration did not significantly affect dry matter content (P 
> 0.05). Likewise, neither inoculum dose nor fermentation 

duration had a significant individual effect on dry 
matter. The absence of significant effects indicates that 
fermentation did not substantially change the total dry 
matter fraction of cocoa pod husk. During fermentation, 
some organic matter may be utilized by microorganisms, 
while microbial biomass and other fermentation products 
may be formed, resulting in relatively small changes in the 
final dry matter content (Wang et al., 2020; Olagunju et 
al., 2023). Thus, the main nutritional changes observed in 
this study were more apparent in the protein, fiber, and 
biological value parameters than in total dry matter.

Crude protein and crude fiber showed a significant 
interaction between inoculum dose and fermentation 
duration (P < 0.05), indicating that the response of these 
nutrients depended on the combination of inoculum 
level and fermentation time. The highest crude protein 
content was obtained at A2B2 (4% inoculum and 4 days 
of fermentation), reaching 8.91%, and was significantly 
different from the other treatments. This response may 
be associated with favorable fermentation conditions 
that supported microbial biomass formation and nutrient 
transformation. The increase in crude protein can partly 
be related to the incorporation of nitrogen into microbial 
biomass, while degradation of other organic fractions 
may also increase the relative proportion of protein in the 
fermented substrate (Maulana et al., 2021; Thakaew et al., 
2024). Proteolytic activity may additionally contribute to 
the transformation of protein compounds into simpler 
forms during fermentation (Andika et al., 2025).

Table 1: Effects of Bacillus subtilis inoculum dose and fermentation duration on the chemical composition of cocoa pod 
husk.
Factor A (Inoculum dose) Factor B (Fermentation duration) Dry matter (%) Crude protein (%) Crude fiber (%)

B1 (2 days) 42.52 ± 1.19 7.20 ± 0.33ᵉ 31.53 ± 1.28ᵃ
A1 (2%) B2 (4 days) 42.69 ± 1.95 7.75 ± 0.57ᵈ 28.41 ± 1.39ᵇ

B3 (6 days) 42.99 ± 3.65 7.78 ± 0.23ᶜᵈ 27.78 ± 0.23ᵇ
Average 42.73 7.58ᵇ 29.24ᵃ
B1 (2 days) 41.74 ± 2.57 7.41± 0.42ᵈᵉ 30.75 ± 0.58ᵃ

A2 (4%) B2 (4 days) 42.51 ± 1.60 8.91± 0.04ᵃ 22.90 ± 1.75ᵈ
B3 (6 days) 41.38 ± 2.30 8.44 ± 0.12ᵃᵇ 25.48 ± 1.14ᶜ
Average 41.88 8.25ᵃ 26.37ᵇ
B1 (2 days) 41.21 ± 2.49 7.96 ± 0.06ᵇᶜ 28.63 ± 1.17ᵇ

A3 (6%) B2 (4 days) 42.38 ± 3.44 8.35 ± 0.26ᵇ 25.69 ± 0.81ᶜ
B3 (6 days) 42.51 ± 3.07 8.37 ± 0.17ᵇ 25.50 ± 1.43ᶜ
Average 42.03 8.25ᵃ 26.60ᵇ

Average B1 41.82 7.52ᵇ 30.30ᵃ 
B2 42.53 8.34ᵃ 25.67ᵇ 
B3 42.29 8.20ᵃ 26.25ᵇ 

Note: Means within the same column bearing different superscripts differ significantly (P < 0.05). No significant interaction between 
inoculum dose and fermentation duration was observed for dry matter (DM) content (P > 0.05), whereas significant interactions 
were detected for crude protein (CP) and crude fiber (CF) contents (P < 0.05).
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The response at longer fermentation duration suggests that 
extending fermentation did not continuously improve crude 
protein content. At 6 days, crude protein decreased to 8.44% 
in A2B3 and 8.37% in A3B3. This decline may indicate 
that the beneficial effect of fermentation had reached a 
point beyond which further fermentation provided limited 
nutritional advantage. Changes in substrate availability 
and fermentation conditions may alter microbial activity 
and nutrient utilization during prolonged fermentation. 
Therefore, the higher protein content at A2B2 should be 
interpreted as the result of a favorable balance between 
inoculum dose and fermentation duration rather than 
simply an effect of increasing either factor.

A similar interaction was observed for crude fiber. The 
lowest crude fiber content was obtained at A2B2, with a 
value of 22.90%, indicating that 4% inoculum combined 
with 4 days of fermentation provided the most effective 
reduction under the conditions of this study. The reduction 
in crude fiber may be associated with the ability of B. 
subtilis to produce hydrolytic enzymes that contribute to 
the breakdown of structural carbohydrate components. 
Such degradation can improve the accessibility of nutrients 
within the plant matrix and is particularly relevant for 
cocoa pod husk because its relatively high fiber content 
limits its direct utilization as a poultry feed ingredient. 
Fermentation by enzyme-producing microorganisms has 
been reported to improve the availability of nutrients from 
fibrous plant substrates (Maulana et al., 2021; Vivares et 
al., 2025).

However, increasing the inoculum dose to 6% or extending 
fermentation to 6 days did not produce a proportional 
improvement in crude fiber reduction. This suggests that 
the effectiveness of fermentation depended on the balance 
between microbial activity and substrate availability. During 
prolonged fermentation, readily available substrates may 
become depleted, potentially limiting further degradation 
of the remaining structural fractions (Li et al., 2025). The 
simultaneous increase in crude protein and reduction in 
crude fiber at A2B2 is therefore important from a feed-
quality perspective, because these changes indicate an 
improvement in the nutritional profile of cocoa pod husk 
rather than a simple change in a single nutrient fraction.

The interaction between inoculum dose and fermentation 
duration also significantly affected nitrogen retention 
(NR), crude fiber digestibility (CFD), and metabolizable 
energy (ME) (P < 0.05; Table 2). These parameters provide 
a biological indication of whether the compositional 
changes observed after fermentation were accompanied by 
improved nutrient utilization. Nitrogen retention increased 
from 55.62% at A1B1 to 68.40% at A2B2, representing 
an improvement of approximately 23.0%. The increase 
suggests that the fermentation treatment improved the 
utilization of dietary nitrogen. This response may be 
related to changes in protein accessibility and microbial 
transformation during fermentation. The reduction in fiber 
may also facilitate greater access of digestive enzymes to 
nutrients within the substrate, potentially contributing to 
improved nitrogen utilization (Ali et al., 2024).

Table 2: Effects of Bacillus subtilis inoculum dose and fermentation duration on the biological value of cocoa pod husk.
Factor A 
(Inoculum dose)

Factor B  (Fermentation 
duration)

Nitrogen retention 
(%)

Crude fiber 
digestibility (%)

Metabolizable energy 
(Kcal/kg)

B1 (2 days) 55.62 ± 0.57d 56.62 ± 2.47d 1601.59 ± 1.28f

A1 (2%) B2 (4 days) 58.87 ± 0.15c 59.86 ± 1.11c 1745.64 ± 1.39de

B3 (6 days) 59.03 ± 1.68c 60.30 ± 1.13c 1808.80 ± 0.23de

Average 57.84b 58.93b 1718.67b

B1 (2 days) 58.78 ± 0.92c 59.58 ± 1.05c 1720.29 ± 0.58ef

A2 (4%) B2 (4 days) 68.40 ± 0.53a 67.97 ± 0.06a 2263.95 ± 1.75a

B3 (6 days) 65.01 ± 1.83b 64.47 ± 1.34b 2078.22 ± 1.14b

Average 64.06a 64.01a 2020,82a

B1 (2 days) 59.29 ± 0.59c 62.96 ± 2.04c 1861.94 ± 1.17cd

A3 (6%) B2 (4 days) 63.40 ± 0.53b 64.04 ± 0.15b 1959.25 ± 0.81bc

B3 (6 days) 63.42± 1.23b 64.31 ± 0.55b 1999.69 ± 1.43b

Average 62.04a 63.77a 1940.29a

Average B1 57.90b 59.72b 1727.94b

B2 63.56a 63.96a 1989.61a

B3 62.49a 63.03a 1962.24a

Note: Different superscripts within the same column indicate significant differences (P < 0.05). A significant interaction was observed 
between inoculum dose and fermentation duration on nitrogen retention (NR), crude fiber digestibility (CFD), and metabolizable 
energy (ME) (P < 0.05).
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Nitrogen retention decreased to 65.01% at A2B3 after 6 
days of fermentation. Thus, the improvement was not linear 
with increasing fermentation duration. The lower value at 
prolonged fermentation may reflect changes in substrate 
availability or fermentation conditions that limited further 
nutritional improvement. Although microbial growth 
dynamics may contribute to this response, microbial 
growth phases were not directly measured in the present 
study; therefore, this explanation should be considered 
a possible mechanism rather than a confirmed process. 
Crude fiber digestibility increased from 56.62% at A1B1 
to 67.97% at A2B2, corresponding to an improvement of 
approximately 20.0%. 

The increase in digestibility is consistent with the reduction 
in crude fiber observed at the same treatment combination. 
Fermentation by B. subtilis may facilitate the breakdown of 
structural carbohydrate components through its enzyme-
producing capacity, resulting in a substrate that is more 
accessible to digestive processes (Maulana et al., 2021). 
The highest CFD at A2B2 further indicates that the 
4% inoculum dose and 4-day fermentation provided a 
favorable condition for improving the biological utilization 
of the fermented substrate. Increasing the inoculum dose 
or extending fermentation duration beyond this condition 
did not result in a proportional increase in CFD. This 
response indicates that a higher inoculum dose does not 
necessarily produce greater nutritional improvement 
when substrate availability or other fermentation 
conditions become limiting. The effectiveness of microbial 
fermentation depends on the balance between microbial 
activity, available substrate, and the duration required for 
nutrient transformation (Wei and Huang, 2025).

Metabolizable energy showed a similar response. ME 
increased from 1601.59 kcal/kg at A1B1 to 2263.95 kcal/
kg at A2B2, representing an increase of approximately 
41.4% (Table 2). The higher ME at A2B2 is consistent 
with the improvement in crude fiber digestibility, as greater 
degradation of fibrous components may increase the 
availability of nutrients for energy utilization. However, 
the relationship between fiber reduction and energy 
value is not necessarily linear because the response is also 
influenced by the type of substrate, its digestibility, and 
the extent of microbial utilization during fermentation 
(Zhang et al., 2013). At 6 days of fermentation, ME 
decreased to 2078.22 kcal/kg in A2B3. This decline 
indicates that extending fermentation beyond 4 days 
did not provide additional benefits in energy value. One 
possible explanation is that microorganisms may utilize 
part of the available substrate as an energy source during 
prolonged fermentation, although this process was not 
directly measured in the present study (Folch et al., 2021). 
Therefore, the lower ME at 6 days should be interpreted 

cautiously as an indication that prolonged fermentation 
may reduce the efficiency of nutrient conversion rather 
than as direct evidence of microbial energy consumption.

Taken together, the results indicate that the nutritional 
and biological responses of cocoa pod husk were strongly 
dependent on the combination of inoculum dose and 
fermentation duration. The A2B2 treatment (4% B. subtilis 
and 4 days) consistently provided the most favorable 
response, particularly in crude protein, crude fiber, nitrogen 
retention, crude fiber digestibility, and metabolizable energy. 
These results suggest that an appropriate fermentation 
intensity is more important than simply increasing 
inoculum dose or extending fermentation duration. From 
a practical feed perspective, the improvement in protein 
content, fiber digestibility, nitrogen retention, and energy 
value at A2B2 indicates that fermentation can improve the 
potential nutritional value of cocoa pod husk for poultry 
feed utilization.

CONCLUSIONS AND 
RECOMMENDATIONS

It can be concluded that fermentation of cocoa pod husk 
with Bacillus subtilis at a 4% inoculum dose for 4 days 
provided the most favorable overall response for improving 
its nutritional and biological value. The improvement 
in protein utilization, crude fiber digestibility, nitrogen 
retention, and metabolizable energy, together with the 
reduction in crude fiber, indicates that fermentation can 
enhance the feeding value of cocoa pod husk. Therefore, 
B. subtilis-fermented cocoa pod husk has potential to be 
further developed as an alternative poultry feed ingredient, 
although further studies are needed to evaluate its 
application in practical poultry diets.

Based on the results of this study, it is recommended 
that fermentation of cocoa pod husk (Theobroma cacao 
L.) using B. subtilis at a 4% inoculum dose and 4 days of 
fermentation be used as an optimal reference condition to 
improve its nutritional composition and biological value 
as a poultry feed ingredient. However, prior to its wider 
application in feed formulation, further in vivo studies on 
poultry are required to evaluate its effects on production 
performance, such as feed intake, body weight gain, feed 
conversion ratio, and overall animal health.
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NOVELTY STATEMENT

•	 This study advances the biological utilization of 
cocoa pod husk (Theobroma cacao L.) as a poultry feed 
resource by applying Bacillus subtilis fermentation to 
improve its nutritional quality and feeding value.

•	 The study provides new insight into the combined 
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