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ABSTRACT 2273 O

T o< 9 10
The incorporation of food waste as an alternative feed ingredient has attracted considerable academic attention, g% 2 2 o)
owing to its potential to decrease feed costs and promote sustainable practices within livestock production systems. & = i = =
The present study aimed to evaluate the effects of food waste from Pesantren (FWP), Indonesia, fermented with & > s § >
Rhizopus oligosporus (R. oligosporus) as feed on the performance and carcass quality of Alabio ducks. A %g =2 r
completely randomized design with four replications was used in the present study. A total of 200 one-day-old male % § S i ;JE
Alabio ducks, with an average initial body weight of 39 + 2 grams, were raised for eight weeks and randomly 7, > Q =
divided into five dietary groups, consisting of 40 ducks per group and five ducks per replicate with different FWP S § 70
inclusion levels. The treatments varied based on the inclusion levels of FWP fermented with R. oligosporus in the § E

diets of Alabio ducks which included FWP 0% (Treatment A, the control group), FWP 10% (Treatment B), FWP
20% (Treatment C), FWP 30% (Treatment D), and FWP 40% (Treatment E). Different parameters were observed at
56 days of age, including feed consumption, final body weight, feed conversion ratio (FCR), protein intake, carcass
percentage, and abdominal fat percentage. The current results indicated that FWP significantly affected feed
consumption, final body weight, FCR, and protein intake. Treatment D resulted in the highest body weight, protein
intake, and the best FCR. However, there were no significant differences among treatments in carcass and abdominal
fat percentages. In conclusion, incorporating up to 30% of FWP fermented with R. oligosporus, based on dry matter,
into the diet of male Alabio ducks does not negatively impact their performance or carcass quality. Using FWP
fermented with R. oligosporus as part of the duck feed offered a sustainable and cost-effective method for organic
waste management in Pesantren poultry systems.

Keywords: Alabio duck, Carcass quality, Fermented feed, Growth performance, Rhizopus oligosporus
INTRODUCTION

Duck farming in Indonesia has significant potential, particularly with local breeds such as the Alabio duck (Anas
platyrhynchos Borneo), which is native to South Kalimantan, Indonesia (Suryana et al., 2011). Alabio ducks are
recognized for their exceptional environmental adaptability, high egg production, and superior meat quality (Sulaiman
and Irawan, 2020). A significant challenge in duck farming is the high feed cost, making up over 60% of total expenses.
Consequently, new strategies are essential to lower feed costs while maintaining production performance (Aji et al.,
2022; Febrina et al., 2022). One promising approach is using organic waste as feed, which can lower feed expenses and
enhance sustainability in poultry farming, especially in Pesantren-based duck production systems (Febrina et al., 2024).
Among different types of organic waste, food waste from Pesantren (FWP) offers unique advantages. Meanwhile,
the nutrient content of hotel and restaurant food waste has been extensively studied, including crude protein at 21.41%,
crude fiber at 5.90%, and 3,484.23 kcal/kg of metabolizable energy (Febrina et al., 2024). The use of organic waste as
animal feed often relies on a centralized collection system, which smallholder farmers may not easily access.
Furthermore, the supply of organic waste can be unpredictable, and transporting and processing the waste pose
significant logistical challenges. In contrast, Pesantren Islamic boarding schools, where students live together, generate
substantial amounts of food waste on-site, including rice leftovers, fish and meat scraps, and residues from fruit and
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vegetables. This easily accessible and reliable waste stream offers a practical alternative feed source for duck farmers,
especially in rural or Pesantren-focused communities (Rusfidra et al., 2025).

The nutritional content of FWP consists of 17.85% crude protein, 10.83% crude fat, 10.86% crude fiber, 92.89% dry
matter, and 6.24% ash (Hidayat et al., 2024). To enhance FWP value, fermentation biotechnology can be utilized
(Muslim et al., 2018). One of the most effective microorganisms for this purpose is Rhizopus oligosporus (R.
oligosporus), a fungus widely used in tempeh production (Rusfidra et al., 2025).

Rhizopus oligosporus produces protease, lipase, and amylase enzymes, which respectively break down proteins into
amino acids, fats into fatty acids and glycerol, and starches into simple sugars, thereby enhancing the digestibility and
bioavailability of nutrients for ducks (Djulardi et al., 2023). Fermentation with R. oligosporus has been shown to
increase protein availability, reduce crude fiber, and diminish anti-nutritional factors (Ndego et al., 2023).

Previous studies have investigated the potential of organic waste as an ingredient in poultry feed (Muslim et al.,
2018; Widjastuti et al., 2020; Febrina et al., 2024). However, studies on Pesantren-specific food waste, especially when
combined with other local agro-industrial residues such as tofu dregs, remain limited. The present study expands on prior
studies by employing a locally relevant feed mixture composed of 90% FWP and 10% tofu dregs, fermented with R.
oligosporus (Rusfidra et al., 2025).

Therefore, the present study aimed to assess the potential of FWP fermented with R. oligosporus as an alternative
feed for improving growth performance and carcass quality in Alabio ducks.

MATERIALS AND METHODS

Ethical approval

The collection of FWP in the present study was conducted with the consent of Pesantren administrators in Indonesia,
who were informed about the study's objectives, procedures, and potential benefits. The current study was conducted
after obtaining ethical approval under the Minister of Agriculture Decree No. 306/KPTS/TN.330/4/1994, which was
approved by the Animal Research Ethics Committee of Andalas University, Padang, Indonesia, as required for the use of
experimental animals in research and teaching.

Feed safety

Regarding feed safety, food waste can pose potential risks due to the presence of biological contaminants such as
pathogenic bacteria or molds (Zhang et al., 2022). The waste materials used in the present study consisted of
approximately 150 kg of food waste collected from the kitchen of an Indonesian Pesantren over 10 days. The waste
included leftover cooked rice, vegetable peels, fruit residues, fish bones, and meat scraps. Before fermentation, all
materials were manually sorted to remove non-organic contaminants such as plastic or packaging, then homogenized,
mixed with 10% tofu dregs by weight. The waste materials underwent fermentation utilizing R. oligosporus, after which
a thermal treatment was applied at 80°C for one hour to inactivate any potential undesirable microorganisms. Following
fermentation, the material was sun-dried for two days under direct sunlight, with periodic turning to promote uniform
drying, until it achieved a moisture content of approximately 10-12%. The dried product was subsequently subjected to
proximate analysis to assess its nutritional adequacy before incorporation into feed formulations. These methodologies
were meticulously employed to mitigate health risks and ensure the safe use of the fermented product in duck diets
(Rusfidra et al., 2025).

Experimental design

A total of 200 one-day-old male Alabio ducks (Anas platyrhynchos Borneo), with an average initial body weight of
approximately 39 + 2 grams, were raised. The experiment was conducted over eight weeks, employing a completely
randomized design that incorporated five distinct dietary treatments, each replicated four times, resulting in a total of 20
experimental units. The treatments varied based on the inclusion levels of FWP fermented with R. oligosporus in the
diets of Alabio ducks which included 0% FWP (Treatment A, the control group), 10% FWP (Treatment B), 20% FWP
(Treatment C), 30% FWP (Treatment D), and 40% FWP (Treatment E; Rusfidra et al., 2025). Each experimental unit
consisted of 10 male Alabio ducks, resulting in a total of 200 ducks. The experimental cages were colony-type, each
measuring 130 x 130 x 100 cm, with a total of 20 units used in the present study. Each cage was fitted with feeders,
drinkers, a digital scale, and cleaning tools. The ducks were kept under controlled environmental conditions, with
ambient temperatures ranging from 28 to 32°C and relative humidity maintained between 60% and 75%. Natural
sunlight was supplemented to ensure a consistent 16-hour light and 8-hour dark cycle. Feed and water were provided ad
libitum, allowing continuous access throughout the experimental period.
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Experimental diets

The inclusion levels of FWP were determined based on previous studies that evaluated the optimal amount of food
waste in poultry diet (Rusfidra et al., 2025). All experimental diets were formulated to be iso-nitrogenous (Containing
the same amount of crude protein) and iso-caloric (Containing the same amount of metabolizable energy) with an
average crude protein content of 17% and a metabolizable energy content of approximately 2,800 kcal/kg, based on the
proximate analysis of each feed ingredient (Table 1). All diet formulations aimed to ensure equal protein and energy
levels for male Alabio ducks according to established nutritional guidelines, according to NRC (1994), while utilizing
modified ingredients such as corn, soybean meal, and rice bran. The feed composition for each treatment used for male
Alabio ducks in the present study is listed in Table 2, and the nutritional content of the feed treatments for male Alabio
ducks is displayed in Table 3.

The feed formulation was carried out to ensure all treatments met the nutritional requirements of Alabio ducks, in
accordance with the guidelines provided by the Indonesian national standard (SNI 01-3931-2006) and NRC (1994),
thereby eliminating any observed performance differences that could be attributed to the inclusion level of FWP rather
than a nutrient imbalance.

Parameters
Feed consumption (g/head), final body weight (g/head), feed conversion ratio (FCR), and protein intake (g/head),
along with carcass percentage and abdominal fat percentage, were evaluated during the present study.

Table 1. Feed ingredients and their nutritional contents used in the diets of male Alabio ducks (Anas platyrhynchos
Borneo)

Ingredients ri:)l:;i Crude Cf;;ﬁe Calcium  Phosphorus  Lysine Methionine Met::eo:;i/able
(%) fat (%) (%) (%) (%) (%) (%) (Kkal)®
Ground corn” 8.55 2.66 3.00 0.38 0.19 0.26 0.18 3300.00
Fish meal® 54.83 3.01 2.29 3.92 2.03 6.43 2.43 2600.00
Soybean meal® 45.35 249 2.75 0.63 0.36 0.60 0.60 2240.00
Fermented foodwaste 15 40 1505 7.8 3.84 2.67 1.38 0.56 3100.00
from Pesantren
Rice bran® 9.50 5.09 14.00 0.69 0.26 0.67 0.27 1640.00
Fish oil° 0 100.00 0 0 0 0 0 8600.00
Coconut oil® 0 100.00 0 0 0 0 0 8600.00
Bone meal” 0 0 0 24.00 12.00 0 0 0
CaC03’ 0 0 0 40.00 0 0 0 0
Top mix° 0 0 0 0.06 0 0.003 0 0

a: Scott et al. (1982), b: Laboratory analysis results during the study, c: Packaging label from PT Medion Indonesia

Table 2. Feed composition for each treatment used for male Alabio ducks (Anas platyrhynchos Borneo) in the present
study

Ingredients Treatment A Treatment B Treatment C Treatment D Treatment E
(%) (%) (%) (%) (%)
Ground corn 57.00 49.00 42.00 35.00 27.00
Fish meal 10.00 10.00 10.00 10.00 10.00
Soybean meal 12.00 10.00 7.00 4.00 2.00
Ezgnﬂid food waste from 0.00 10.00 20.00 30.00 40.00
Rice bran 15.00 15.00 15.00 15.00 15.00
Fish oil 1.00 1.00 1.00 1.00 1.00
Coconut oil 1.00 1.00 1.00 1.00 1.00
Bone meal 1.00 1.00 1.00 1.00 1.00
CaCO3 2.00 2.00 2.00 2.00 2.00
Top mix 1.00 1.00 1.00 1.00 1.00
Total 100.00 100.00 100.00 100.00 100.00
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Table 3. Nutritional content of the feed treatments used for male Alabio ducks (Anas platyrhynchos Borneo) in the
present study

Nutrients Treatment A Treatment B Treatment C Treatment D Treatment E
(%) (%) (%) (%) (%)
Crude protein 17.22 17.58 17.57 17.56 17.92
Crude fat 4.88 6.12 7.37 8.61 9.86
Crude fiber 4.37 4.84 5.32 5.79 6.27
Calcium 1.83 2.17 251 2.85 3.19
Phosphorus available 0.88 0.76 1.00 1.24 1.49
Metabolizable energy 2827.80 2829.00 2840.80 2852.60 2853.80
Lysine 0.96 1.07 117 1.27 1.38
Methionine 0.46 0.49 0.51 0.54 0.57

Note: Compiled based on Table 1 and Table 2.

Fermentation of Pesantren food waste with Rhizopus oligosporus

A total of 500 grams of FWP was prepared and mixed with 50 grams of tofu dregs, obtained freshly from a local
tofu producer in Padang, Indonesia, as an
additional carbon source. The mixture was placed
into heat-resistant polypropylene plastic bags
(Cahayapack, Indonesia) and sterilized with an
autoclave at 121°C and 15 psi for 20 minutes.
After sterilization, the substrate was cooled at

. . Add 50 g of tofu dregs

room temperature for approximately 45 minutes (Mix ihoroushily)
until it reached ambient temperature. The cooled
substrate was then inoculated with R. oligosporus
at a concentration of 3% of the total substrate
weight (equivalent to 16.5 grams). The inoculum
was prepared by suspending R. oligosporus spores
in sterile distilled water to achieve a concentration
of 10° spores per gram of substrate. The
inoculation process was conducted under sterile e e
conditions in a laminar airflow chamber. (121°C, 15 psi, 20 minutes)
Following inoculation, the spores were evenly
mixed into the substrate to ensure uniform
distribution. This method was adapted from the
established fermentation protocol described by
Muslim et al. (2018) and Rusfidra et al. (2025).

The fermentation process was conducted
aerobically in an incubator set at 32°C for five
days. After incubation, the fermented material was Inoculate with 3% Rhizopus oligosporus (16.5 g)
heated at 80°C for one hour to inactivate the under laminar air flow — Mix until homogeneous
enzymatic and microbial activity of R.
oligosporus. The final product was then dried at
60°C until the moisture content dropped below Incubate serablcally
14%, as confirmed by oven-drying (Eyela, Tokyo (incubator, 32-35°C, 5 days)
Rikakikai Co., Ltd., Japan) of a representative
sample at 105°C for 24 hours following the
standard method of proximate analysis (AOAC, Heat the fermented substrate (80°C, 1 hour)
2005; Figure 1). A proximate analysis of the (T'o deactivate Ehizopns sctivity)
fermented product was performed to determine its
nutritional composition, which served as the basis
for designing the experimental diets in the present

. Dry at 60°C

StUdy (RUSfldra et al., 2025) (Until moisture content is 14%)

Prepare 500 g of Fermented food waste from Pesantren

Place the mixture into heat-resistant plastic bags

Cool the sterilized substrate
(45 minutes at room temperature)

Figure 1. The preparation of Pesantren food waste fermented with Rhizopus oligosporus
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The preparation of Rhizopus oligosporus

The preparation of R. oligosporus inoculant started with selecting high-quality soybeans, which were soaked for 6-
12 hours, boiled, and manually dehulled to promote fungal growth. The soybeans were then coarsely ground to increase
surface area, supporting optimal mycelial development. The substrate was sterilized in heat-resistant polypropylene bags
using an autoclave at 121°C and 15 psi for 15 to 30 minutes, then cooled to 35°C, the ideal temperature for inoculation to
prevent thermal damage to the spores and ensure successful fermentation (Rusfirda et al., 2025).

Inoculation was carried out under aseptic
conditions inside a laminar airflow cabinet by
applying a standardized spore suspension containing
107 to 108 colony-forming units (CFU) per gram to
100 g of sterile substrate. The R. oligosporus spores l
used in the present study were sourced from the
Indonesian culture collection, Research Center for
Biology, National Research and Innovation Agency, (Autoclaving at 15 psi, 121°C for 15-30 min, then cooling
Indonesia (Rusfidra et al., 2023). Spore concentration to 30-40°C)
was determined using a hemocytometer under a light l
microscope to ensure accurate and consistent

inoculum levels. . . .
The inoculated substrate was incubated at 32°c, ~ (Adding 107-10% Rhizopus oligosporus spores per 100g of

Preparation of Substrate
(Grinding soybeans to increase surface area)

Sterilization of Substrate

Inoculation

an optimal temperature for R. oligosporus growth, for sterile substrate)

five days in shallow containers (1-2 c¢cm thick) with l

adequate  aeration to ensure proper fungal

development. Following the incubation phase, the Incubation

substrate that had been entirely colonized was dried at ~ (Maintaining 1-2 cm substrate thickness, incubating at
a low temperature (Not exceeding 40°C) to preserve 30-37°C for 5 days)

the viability of the fungal spores. It was then finely l

ground and stored in sealed, light-protected containers

at a temperature between 4°C and 10°C for later use Harvesting & Storage

in feed fermentation. The process of preparing the R. (Drying at <40°C to maintain spore viability)

oligosporus inoculum is depicted in Figure 2.
Figure 2. The preparation of Rhizopus oligosporus

Statistical analysis

The collected data were subjected to one-way analysis of variance (ANOVA) to assess the impact of different
dietary treatments on the growth performance and carcass characteristics of Alabio ducks. Upon identifying a significant
treatment effect (p < 0.05), Duncan’s Multiple Range Test (DMRT) was used to assess mean differences among groups.
The results were expressed as means + standard error (SE), with SE representing the dispersion of the sample mean and
reflecting the reliability of the reported mean estimates.

RESULTS AND DISCUSSION
The effects of fermented FPW on feed intake, final body weight, and FCR in male Alabio ducks at 8 weeks old are
presented in Table 4. These performance metrics were assessed to understand how different levels of FPW in the diet

influence growth and feed efficiency over the 8-week feeding period.

Table 4. Effects of fermented food waste from Pesantren on feed consumption, final body weight, and feed conversion
in male Alabio Ducks (Anas platyrhynchos Borneo) at 8 weeks of age

Treatment Feed consumption Final body weight Fged )
(g/head)* (g/head)* conversion ratio*

Treatment A (0% FWP) 4708.38 + 42.93% 1532.42 + 55,442 3.07 £0.09°
Treatment B (10% FWP) 4650.38 + 38.03% 1501.15 + 62,68° 3.10 £0.15°
Treatment C (20% FWP) 4643.75 + 45.37% 1495.21 + 65,84° 3.11+0.16°
Treatment D (30% FWP) 4632.94 +52.08% 1462.87 * 68,60° 3.17+047°
Treatment E (40% FWP) 454956 + 55.90° 1329.94 + 93,82° 3.43+0.22°
SE 23.65 35.25 0.08

P-Value 0.005 0.009 0.042

FWP: Food waste from Pesantren fermented with R. oligosporus, SE: Standard error. *® Different superscript letters in the same column indicate
significant differences (p < 0.05).
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Feed consumption of Alabio ducks fed FWP fermented with R. oligosporus ranged from 4549.56 + 55.90 to 4708.38
+ 42.93 g per bird. Feed intake in treatments B, C, and D did not differ significantly from that of the control group (p >
0.05). The current results suggested that including FWP up to 30% did not decrease feed intake, indicating that the
fermented feed was palatable. This may be due to the fermentation process of FWP, which improves flavor and aroma by
producing glutamate compounds and B-complex vitamins (Trisna et al., 2019; Maulana et al., 2021; Wizna et al., 2025).

Moreover, all experimental diets were formulated to be iso-nitrogenous and iso-caloric, ensuring balanced nutrient
profiles despite the reduced inclusion of conventional ingredients such as corn and soybean meal. This consistency
across treatments A to D likely contributed to comparable feed intake and growth performance. Additionally,
fermentation improved the palatability and digestibility of fermented FWP, enhancing nutrient availability and
absorption in ducks.

Feed consumption was significantly decreased (p < 0.05) in Treatment E (4549.56 + 55.90 g/head) compared to
Treatments C (4643.75 £ 45.37 g/head) and D (4632.94 + 52.08 g/head). This reduction may be attributed to the higher
crude fiber content (6.27%), which likely increased gut fill and satiety, suppressing voluntary intake. Elevated fiber
levels in poultry diets are known to slow digestion and prolong satiety (Svihus, 2011; Maulana et al., 2024).

The FWP fermented with R. oligosporus reduced the use of corn and soybean meal. In Treatment B, corn usage
decreased by 14.04%, and soybean meal usage decreased by 16.67%. Treatment C lowered corn usage by 26.32% and
soybean meal by 41.67%. Treatment D reduced the use of corn by 38.60% and soybean meal by 66.67% and Treatment
E lowered corn usage by 52.63% and soybean meal by 83.33%. The final body weight among treatments A, B, C, and D
showed no significant differences (p > 0.05), indicating that feed consumption and protein intake did not vary
significantly across all treatments (p > 0.05). Notably, utilizing FWP up to 30% did not negatively impact feed intake or
nutrient availability. Specifically, feed consumption and protein intake were recorded as Treatment A (4708.38 + 42.93 g
and 800.42 + 7.30 g), Treatment B (4650.38 + 38.03 g and 790.56 + 6.47 @), Treatment C (4643.75 £+ 45.37 g and 789.44
+7.71 g), and Treatment D (4632.94 +52.08 g and 792.24 + 8.30 g).

Duck body weight gain depends on feed intake, as higher consumption boosts the chances of meeting nutritional
requirements and promotes optimal growth (Zagi et al., 2019). Additionally, weight gain is influenced by protein intake,
as protein is essential for the development of new tissue (Obeidat et al., 2022). Protein intake is positively correlated with
feed consumption, whereby an increase in feed intake leads to a corresponding increase in protein intake (Maulana et al.,
2025).

The FCR is a crucial factor in assessing feed efficiency, especially when using waste or unconventional feed
ingredients. A lower FCR signifies better efficiency, meaning less feed is needed to produce one kilogram of meat (Zhu
et al., 2023). In the present study, the FCR values for each treatment were as follows: Treatment A (3.07 £ 0.09),
Treatment B (3.12 + 0.11), Treatment C (3.14 £ 0.08), Treatment D (3.17 + 0.10), and Treatment E (3.43 £ 0.22).
Treatments A to D indicated an improved feed efficiency (FCR 3.07-3.17), likely attributable to optimal feed-to-gain
ratios, while Treatment E demonstrated a reduced efficiency (FCR 3.43). However, intergroup differences were not
statistically significant (p > 0.05; Djulardi et al., 2023). The current FCR values (3.07-3.43) consistently exceeded
commercial production standards (2.2-2.8), suggesting substantial scope for enhancing feed efficiency through targeted
nutritional interventions (Pangeran et al., 2021). The effects of fermented FWP on protein intake, carcass percentage, and
abdominal fat percentage in male Alabio ducks are presented in Table 5.

Table 5. Effect of food waste from Pesantren fermented with Rhizopus oligosporus on protein intake, carcass
percentage, and abdominal fat percentage in male Alabio Ducks (Anas platyrhynchos Borneo) at 8 weeks of age.

Treatment Pr?$7;]2;2;ike C("jgﬁﬁs Abdomen fat (%)
Treatment A (0% FWP) 800.42 + 7.30° 63.50 £1.03 2.11+£0.07
Treatment B (10% FWP) 790.56 + 6.47° 63.17 + 0.87 2.08 +0.05
Treatment C (20% FWP) 789.44 +7.71% 62.64 £ 0.62 2.06 £0.03
Treatment D (30% FWP) 792.24 +8.30° 62.21 £1.05 2.04 £0.09
Treatment E (40% FWP) 773.43 £ 9.50° 61.83 £ 0.64 1.98 £0.04

SE 3.96 11.15 0.03
P-value 0.004 0.087 0.069

NS: Non-significant, FWP: Food waste from Pesantren fermented with R. oligosporus, SE: Standard error. % Different superscript letters in the same
column indicate significant differences (p < 0.05)

Adequate protein consumption is essential for optimal growth, tissue synthesis, and maintenance in poultry species
(NRC, 1994). The current results indicated that Treatments A, B, C, and D did not differ significantly in protein intake
values (p > 0.05). The current findings suggested that the feed formulations containing FWP in treatments A, B, C, and
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D provided comparable protein intakes, with values of 800.42 + 7.30 g/head (Treatment A), 790.56 + 6.47 g/head
(Treatment B), 789.44 + 7.71 g/head (Treatment C), and 792.24 + 8.30 g/head (Treatment D), respectively, which met
the nutritional requirements of Alabio ducks as recommended by NRC (1994). Protein intake is influenced by feed
consumption; higher feed consumption results in higher protein intake (Nova et al., 2022). Treatment E demonstrated a
significantly lower protein intake (773.43 + 9.50 g/head) compared to Treatment A (800.42 + 7.30 g/head), Treatment B
(790.56 + 6.47 g/head), Treatment C (789.44 + 7.71 g/head), and Treatment D (792.24 + 8.30 g/head, p < 0.05).

The significantly lower protein intake in Treatment E (773.43 + 9.50 g/head) likely resulted from reduced feed
palatability due to the 40% inclusion of fermented Pesantren food waste. This suboptimal protein consumption may
negatively impact growth performance, as feed palatability directly influences consumption and consequently protein
intake in poultry (Wang et al., 2023).

Carcass percentages across all treatments; A (63.50 + 1.03%), B (63.17 + 0.87%), C (62.64 + 0.62%), D (62.21
1.05%), and E (61.83 + 0.64%) showed no significant differences (p > 0.05) and remained within the established range
(60-65%) for male Alabio ducks (NRC, 1994). The non-significant treatment differences (p > 0.05) demonstrated that
fermented Pesantren waste can effectively replace conventional feed components while maintaining equivalent carcass
yields in duck production systems. The current findings indicated that the inclusion of FWP as an alternative feed
ingredient did not negatively affect key metabolic processes such as nutrient absorption and protein synthesis, nor did it
impair muscle tissue development in Alabio ducks. Carcass percentage can be affected by suboptimal growth, which
may be due to high crude fiber content in poultry feed (Nuraini et al., 2022).

Abdominal fat percentage is a parameter that reflects the efficiency of energy metabolism and fat accumulation in
the animal's body (Ayuti et al., 2022). The present study indicated that the inclusion of FWP did not significantly (p >
0.05) affect the abdominal fat percentage across all treatments.

The average abdominal fat percentage was 2.11 + 0.07 in Treatment A, 2.08 + 0.05 in Treatment B, 2.06 £ 0.03 in
Treatment C, 2.04 £+ 0.09 in Treatment D, and 1.98 + 0.04 in Treatment E. These results demonstrated that all dietary
formulations maintained proper fat deposition patterns, indicating balanced nutritional conditions (Nova et al., 2022).
The current findings suggest that the energy used from different feed treatments (A to D) was proportionally utilized by
the ducks for both muscle growth, as shown by carcass percentages ranging from 61.83% to 63.50%, and fat deposition,
with abdominal fat percentages between 2.11% and 2.03%.

The fermentation method using R. oligosporus on Pesantren food waste illustrated promising potential for use by
small-scale duck farmers in Indonesia, especially those near Pesantren communities. Compared to other bioconversion
methods, such as ensiling or enzymatic hydrolysis, the fermentation process in the present study was relatively simple,
requiring only basic materials and equipment, including heat-resistant plastic containers, a household heat source (Stove
or steamer), and a clean, well-ventilated space for incubation. Although the study employed an autoclave and a
controlled incubator, in real-world settings, sterilization can be achieved through steaming for 30 to 60 minutes, and
incubation can occur in a warm room with good airflow (Liu et al., 2022; Wang et al., 2023).

CONCLUSION

Fermenting Pesantren food waste with Rhizopus oligosporus was effective for Alabio duck diets at inclusion levels of up
to 30%, preserving growth performance, feed efficiency, and carcass yield similar to those of conventional methods
feeds. This approach provided a sustainable and cost-effective alternative that aligns with circular economy principles by
valorizing local waste resources. Additionally, including up to 30% fermented Pesantren food waste could preserve
nutritional quality and palatability, reduce reliance on traditional feed ingredients, and support eco-friendly poultry
production in Pesantren communities. It is suggested that further refinement of processing methods or ingredient
balancing may be needed to improve feed efficiency to meet commercial standards.

DECLARATIONS

Acknowledgments

The authors would like to thank the Department of Technology and Livestock Production, Universitas Andalas, the
Department of Agricultural Industrial Technology, Politeknik Negeri Tanah Laut, the Department of Biology,
Universitas Negeri Medan, and the Department of Agroindustry, Universitas Negeri Padang, Indonesia, for their support
and collaboration in this study.

Authors’ contributions

555



Rusfidra et al., 2025

Rusfidra contributed to the conceptualization of the study and project administration. Fajri Maulana was responsible
for formal analysis and writing the original draft of the manuscript. Heppy Setya Prima handled the investigation and
validation of the research data. Malikil Kudus Susalam took charge of resources and visualization. Satri Yusasra Agasi
provided supervision and methodology support. Finally, Fadhli Fajri was involved in data curation and funding
acquisition. All authors read and approved the final edition of the manuscript for publication.

Funding
The present study did not receive any financial support.

Competing interests
The authors declared no conflict of interest.

Ethical considerations

This study was originally written by the authors and has not been published elsewhere. The authors checked the text
of the article for plagiarism index and confirmed that the text of the article is written based on their original scientific
results.

Availability of data and materials
The data to support the present study's findings are available upon reasonable request to the corresponding author.

REFERENCES

Aji BL, Rinawidiastuti R, and Mudawaroch RE (2022). Productivity of laying ducks (Anas domesticus) supplemented with shrimp waste meal in
complete feed. Jurnal Sains Peternakan Nusantara, 2(1): 1-12. DOI: https://www.doi.org/10.53863/jspn.v2i01.436

Ayuti SR, Purnama HR, Azhari A, Isa M, Helmi TZ, Novita A, Herrialfian H, Darniati D, and Makmur A (2022). Pengaruh penambahan ampas kelapa
(Cocos nucifera L) fermentasi pada pakan terhadap persentase karkas dan kadar lemak ayam broiler [The effect of adding fermented coconut pulp
(Cocos nucifera L) to feed on carcass percentage and fat content of broiler chickens]. Indonesian Journal of Animal Science, 24(3): 288. DOI:
https://www.doi.org/10.25077/jpi.24.3.288-297.2022

Association of official analytical chemists (AOAC) (2005). Official methods of analysis, 18" Edition. Association of official analytical chemists,
Arlington, VA, USA. Available at: https://aoac.org/official-methods-of-analysis-18th-edition-2005/

Djulardi A, Mirnawati, Ciptaan G, Kurnia R, Srifani A, Adriani L, and Makmur M (2023). Improving the quality and nutritional value of a mixture of
sago pith and indigofera leaves fermented with Rhizopus oligosporus. World's Veterinary Journal, 13(4): 580-586. DOI:
https://www.doi.org/10.54203/scil.2023.wvj62

Febrina B, Maulana F, Fajri F, Sandri D, Cahya E, and Cahayati KP (2024). Improving the nutritional quality of food waste from hotels and restaurants
in Banjarmasin as local poultry feed. Agribios, 22(2): 287-297. DOI: https://www.doi.org/10.36841/agribios.v22i2.5450

Febrina BP, Fajri F, and Maulana F (2022). Utilization of locally sourced feed as a substitute for commercial feed on broiler chicken production
performance. Wahana Peternakan, 6(3): 175-181. DOI: https://www.doi.org/10.37090/jwputb.v6i3.695

Hidayat R, Khusairi A, Zakhiya M, Maulana F, Febrina P, Sandri D, and Susalam MK (2024). Improvement of nutrition in food waste and organic
kitchen waste from Islamic boarding schools in Tanah Laut Regency. Jurnal Peternakan Indonesia, 26(3): 128-137. DOI:
https://www.doi.org/10.25077/jpi.26.3.128-137.2024

Svihus B (2011). The gizzard: Function, influence of diet structure and effects on nutrient availability. World's Poultry Science Journal, 67(2): 207-
224. DOI: https://www.doi.org/10.1017/S0043933911000249

Liu M, Zhang J, Hu J, and Zhang Y (2022). Solid-state fermentation with Rhizopus oligosporus RT-3 enhanced the nutritional properties of soybeans.
Frontiers in Nutrition, 9: 972860. DOl
: https://www.doi.org/10.3389/fnut.2022.972860

Maulana F, Fajri F, Febrina BP, Sandri D, and Hidayat R (2024). Improving the nutritional quality of rice bran through fermentation using rumen fluid
inoculum from male Bali cattle with different fermentation durations. Jurnal Peternakan, 21(2): 308-317. DOI:
http://www.doi.org/10.24014/jupet.v21i2.30721

Maulana F, Fajri F, Febrina BP, Sandri D, Susalam MK, Agasi SY, and Prima HS (2025). Evaluation of the use of fermented palm kernel meal in
laying quail rations. Jurnal Peternakan, 22(1): 105-115. DOI: http://www.doi.org/10.24014/jupet.v22i1:35353

Maulana F, Nuraini N, and Mirzah M (2021). Nutrient content and quality of fermented palm waste with Lentinus edodes. Jurnal Peternakan Indonesia,
23(2): 174-182. DOI: https://www.doi.org/10.25077/jpi.23.2.174-182.2021

Muslim, Nuraini, Mirzah, and Wizna D (2018). Determination of inoculum dose and old fermentation of Tithonia diversifolia plants with Aspergillus
ficuumas feed protein sources of high carotenoid. International Journal of Veterinary Sciences and Animal Husbandry, 3(2): 1-7. Available at:
https://www.veterinarypaper.com/pdf/2018/vol3issue2/PartA/3-1-8-285.pdf

Ndego A, Ezedom T, Egbune EO, and Tonukari N (2023). Biochemical characterization of solid state fermented maize cob (Zea mays) using Rhizopus
oligosporus and its application in poultry feed production. International Journal of Recycling of Organic Waste in Agriculture, 12(2): 235-246.
DOI: https://www.doi.org/10.30486/ijrowa.2022.1939020.1323

National research council (NRC) (1994). Nutrient requirements of poultry, 9" Revised Edition. National Academies Press., Washington, D.C., pp. 1-
176. DOI:
https://www.doi.org/10.17226/2114

Nova TD, Arlina F, Handayani S, and Sari SKM (2022). Addition of betel leaf flour (Piper betle Linn) as feed additive on performance, protein intake,
growth rate, and IOFC of Kamang ducks. Jurnal Peternakan Indonesia, 24(1): 66-75. DOI: https://www.doi.org/10.25077/jpi.24.1.66-75.2022

Nuraini, Mirzah, Nur YS, and Harnentis (2022). Improving Azolla microphylla through fermentation with Lignocellulolytic fungi and its application in

556


https://www.doi.org/10.53863/jspn.v2i01.436
https://www.doi.org/10.25077/jpi.24.3.288-297.2022
https://www.aoac.org/official-methods-of-analysis-18th-edition-2005/
https://www.doi.org/10.54203/scil.2023.wvj62
https://www.doi.org/https:/doi.org/10.36841/agribios.v22i2.5450
https://www.doi.org/10.37090/jwputb.v6i3.695
https://www.doi.org/10.25077/jpi.26.3.128-137.2024
https://www.doi.org/10.1017/S0043933911000249
https://www.doi.org/10.3389/fnut.2022.972860
http://www.doi.org/10.24014/jupet.v21i2.30721
http://www.doi.org/10.24014/jupet.v22i1:35353
https://www.doi.org/10.25077/jpi.23.2.174-182.2021
https://www.veterinarypaper.com/pdf/2018/vol3issue2/PartA/3-1-8-285.pdf
https://www.doi.org/10.30486/ijrowa.2022.1939020.1323
https://www.doi.org/10.17226/2114
https://www.doi.org/10.25077/jpi.24.1.66-75.2022

World Vet. J., 15(3): 549-557, 2025

broiler feed. Advances in Animal and Veterinary Sciences, 10(5): 1090-1100. DOl:
https://www.doi.org/10.17582/JOURNAL.AAVS/2022/10.5.1090.1100

Obeidat BS, Ata M, and Al-Lataifeh F (2022). Influence of corn stover on the growth and blood parameters of Awassi lambs fed a concentrate diet.
Italian Journal of Animal Science, 21(1): 702-707. DOI: https://www.doi.org/10.1080/1828051X.2022.2057242

Pangeran MR, Indarsih B, and Wiryawan KG (2021). Growth performances and digestability in Pekin ducks fed on a diet containing fermented agro-
industrial by-products. IOP Conference Series: Earth and Environmental Science, 902(1): 012054. DOI: https://www.doi.org/10.1088/1755-
1315/902/1/012054

Rusfidra, Maulana F, Prima HS, Susalam MK, Agasi SY, and Fajri F (2025). Utilization of pesantren food waste as an alternative poultry feed through
fermentation with Rhizopus oligosporus using different carbon sources. Journal of Animal. Health Production, 13(2): 418-425.DOI:
https://www.doi.org/10.17582/journal.jahp/2025/13.2.418.425

Scott ML, Nesheim MC, and Young RJ (1982). Nutrition of the chicken, 3" Edition. M. L. Scott and Associates., Ithaca, N.Y, pp. 1-601. Available at:
https://www.feedipedia.org/node/2697

Sulaiman A and Irawan B (2020). Utilization of duckweed (Lemna minor) in the feed diet to improve yolk color of eggs and reduce cholesterol levels
of Alabio duck eggs. Prosiding Seminar Nasional Lingkungan Lahan Basah, 5(2): 56-62. Available at:
https://snllb.ulm.ac.id/prosiding/index.php/snllb-lit/article/view/345

Suryana, Noor RR, Hardjosworo PS, and Prasetyo LH (2011). Phenotypic characteristics of Alabio ducks (Anas platyrhynchos Borneo) in South
Kalimantan. Buletin Plasma Nutfah, 17(1): 61-67. DOI: https://www.doi.org/10.21082/blpn.v17n1.2011.p61-67

Trisna A, Nuraini N, Rizal Y, and Mirzah M (2019). The effect of substrate composition fermented using Pleurotus ostreatus on the nutrient content of
palm oil sludge. International Journal of Poultry Science, 18(7): 323-327. DOI: https://www.doi.org/10.3923/ijps.2019.323.327

Wang X, Li G, Wang H, Liu Y, Yang Y, Wang C, Gong S, and He D (2023). Feeding whole-plant ensiled corn stover affects growth performance,
blood parameters, and cecal microbiota of holdobagy goose. Frontiers in Veterinary Science, 10: 1210706. DOI:
https://www.doi.org/10.3389/fvets.2023.1210706

Widjastuti T, Setiawan |, Abun, Asmara 1Y, and Balia RL (2020). Application of mangosteen peel extract (Garcinia mangostana L.) as a feed additive
in ration for performance production and egg quality of Sentul chicken. International Journal of Advanced Science, Engineering and Information
Technology, 10(2): 789-794. DOI: https://www.doi.org/10.18517/ijaseit.10.2.10666

Wizna, Heryandi Y, Rusfidra, Andika R, Wulandari M, and Safitri R (2025). Optimizing fermentation conditions of water lettuce leaves (Pistia
stratiotes) with Bacillus amyloliquefaciens for enhanced nutritional quality as poultry feed. Advances in Animal and Veterinary Sciences, 13(4):
876-882. DOI: https://www.doi.org/10.17582/journal.aavs/2025/13.4.876.882

Zaqi TM, Riyanti, Sutrisna R, and Septinova D (2019). The effect of Indigofera zollingeriana in the ration on performance of Peking duck. Jurnal Riset
Dan Inovasi Peternakan, 3(3): 8-13. Available at: https://jrip.fp.unila.ac.id/index.php/JRIP/article/view/7

Zhang K, Li F, Li H, and Yin C (2022). Sustainable management of food waste during COVID-19 pandemic: Insights into irrational food hoarding
among Chinese citizens. Foods, 11(24): 4049. DOI: https://www.doi.org/10.3390/foods11244049

Zhu X, Tao L, Liu H, and Yang G (2023). Effects of fermented feed on growth performance, immune organ indices, serum biochemical parameters,

cecal odorous compound production, and the microbiota community in broilers. Poultry Science, 102(6): 102629. DOI:
https://www.doi.org/10.1016/j.psj.2023.102629

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,

= adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

557


https://www.doi.org/10.17582/JOURNAL.AAVS/2022/10.5.1090.1100
https://www.doi.org/10.1080/1828051X.2022.2057242
https://www.doi.org/10.1088/1755-1315/902/1/012054
https://www.doi.org/10.1088/1755-1315/902/1/012054
https://www.doi.org/10.17582/journal.jahp/2025/13.2.418.425
https://www.worldcat.org/title/8171580
https://snllb.ulm.ac.id/prosiding/index.php/snllb-lit/article/view/345
https://www.doi.org/10.21082/blpn.v17n1.2011.p61-67
https://www.doi.org/10.3923/ijps.2019.323.327
https://www.doi.org/10.3389/fvets.2023.1210706
https://www.doi.org/10.18517/ijaseit.10.2.10666
https://www.doi.org/10.17582/journal.aavs/2025/13.4.876.882
https://jrip.fp.unila.ac.id/index.php/JRIP/article/view/7
https://www.doi.org/10.3390/foods11244049
https://www.doi.org/10.1016/j.psj.2023.102629
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

