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Abstract | This study aimed to evaluate the effect of fermented food waste from Islamic boarding schools using
Rhizopus oligosporus as a feed ingredient on the production performance and yolk color quality of laying quails. A
total of 200 productive female quails aged 10 to 14 weeks were used for a 4-week feeding trial. The feed formulation
included ground corn, fish meal, soybean meal, rice bran, fish oil, coconut oil, bone meal, calcium carbonate (CaCOs),
top mix, and FIBSFW (Fermented Islamic Boarding School Food Waste). The experimental design employed a
completely randomized design (CRD) consisting of five dietary treatments with four replications each. The treatments
were as follows: A = 0% FIBSFW, B = 10% FIBSFW, C = 20% FIBSFW, D = 30% FIBSFW, and E = 40% FIBSFW.
Parameters observed included feed consumption, quail day egg production (QDEP), egg weight, feed conversion ratio
(FCR), and yolk color. The results indicated that the inclusion of fermented food waste significantly affected (P<0.05)
all observed parameters. Statistical analysis showed that treatment A was not significantly different (P>0.05) from
treatments B, C, and D, but it differed significantly (P<0.05) from treatment E. It can be concluded that the inclusion
of up to 30% Rhizaopus oligosporus-fermented Islamic boarding school food waste in the diet of laying quails does not
negatively impact production performance or yolk color, despite a reduction in corn usage.
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INTRODUCTION egg production continues to increase in response to high

consumer demand for practical and nutritious protein
FT he poultry farming sector, particularly the production  sources. However, the development of quail farming faces
L of laying quails (Cofurnix coturnix japonica), holds challenges in feed availability (Shalome, 2021). Feed
promising potential in meeting the community’s demand represents the largest cost component in poultry farming,
for animal-based protein (Maulana ez 4/, 2025). Quail accounting for approximately 60-70% of total production

September 2025 | Volume 13 | Issue 3 | Page 838 2 Resenrdis?



https://dx.doi.org/10.17582/journal.jahp/2025/13.3.838.844
crossmark.crossref.org/dialog/?doi=10.17582/journal.jahp/2025/13.3.838.844&domain=pdf&date_stamp=2008-08-14

Journal of Animal Health and Production

costs (Febrina et al., 2022). One of the strategies to reduce
feed costs is by utilizing alternative feed ingredients that
are inexpensive, nutritious, and locally available, thereby
lowering production expenses without compromising
animal performance. Food waste is a potential local resource
that can be used as poultry feed due to its nutritional value

and wide availability (Febrina et al., 2024).

The nutritional composition of fermented Islamic
boarding school food waste using Rhizopus oligosporus
includes 17.85% crude protein, 10.83% crude fat, 10.86%
crude fiber, 92.89% dry matter, and 6.24% ash (Hidayat
et al., 2024). Fermentation with R. oligosporus is utilized
to reduce spoilage due to the high moisture content
of food waste and to minimize the risk of pathogenic
microbial contamination. The application of fermentation
biotechnology to extend shelf life and enhance feed safety
is among the most effective methods (Wizna ez a/., 2023).

R. oligosporus is a common fungus used in fermentation
due to its ability to produce various enzymes such as
amylase, protease, and lipase, which can hydrolyze complex
compounds into simpler, more digestible forms (Han ez
al., 2003). Additionally, fermentation with R. ofigosporus
can increase the content of free amino acids and reduce
antinutritional factors such as tannins and phytates in
organic materials (Sani and Akinola, 2020). Therefore,
fermenting food waste with R. ofigosporus is a suitable
approach to convert it into high-quality poultry feed.

Feed plays a crucial role not only in supporting egg
production but also in determining egg quality, particularly
yolk color, which is an important sensory attribute
appreciated by consumers (Davis ez /., 2003). The use of
termented Islamic boarding school food waste is expected
to reduce corn usage in the feed, which may influence
yolk pigmentation. Corn is known to be a major source of
carotenoids, which contribute to yolk coloration (Leeson
and Caston, 2004). Based on this context, it is essential
to investigate the effect of fermented food waste on
production performance and yolk color quality in laying
quails.

'The urgency of this study lies in the effort to reduce feed
costs by utilizing local feed resources, thus promoting
a sustainable quail farming system through the use of
Islamic boarding school organic waste. The benefits of this
research include not only cost reduction and improved
farm efficiency but also supporting environmentally-based
organic waste management. This study aims to evaluate the
effect of R. oligosporus-fermented Islamic boarding school
food waste on the production performance and yolk color
quality of laying quails. The findings are expected to serve
as a reference for the development of environmentally
friendly, cost-effective, and practical alternative feeds for

smallholder farmers.

MATERIALS AND METHODS

EXPERIMENTAL ANIMALS

This study used 10-week-old female quails (Cofurnix
coturnix japonica) as the experimental animals. The quails
were maintained individually in cages for a 4-week
experimental period. They were fed a formulated diet
consisting of ground corn, fish meal, soybean meal, rice
bran, fish oil, coconut oil, bone meal, calcium carbonate
(CaCQ;y), top mix, and FIBSFW (Fermented Islamic
Boarding School Food Waste).

Each quail was housed in a compartment within a specially
designed experimental cage unit consisting of four tiers.
Each tier was divided into four compartments, with each
compartment measuring 45 x 20 x 30 cm. A digital scale
was used to measure feed intake and egg weight, while yolk
color was assessed using an Egg Yolk Color Fan.

STUDY DESIGN

This study employed an experimental approach using a
Completely Randomized Design (CRD) with five dietary
treatments and four replications. The treatments involved
the inclusion of R. o/igosporus-fermented food waste in the
diets of laying quails. The treatment groups were as follows:
A= 0% Fermented Islamic Boarding School Food Waste
(FIBSFW)

B=10% Fermented Islamic Boarding School Food Waste
(FIBSFW)

C=20% Fermented Islamic Boarding School Food Waste
(FIBSFW)

D= 30% Fermented Islamic Boarding School Food Waste
(FIBSFW)

E= 40% Fermented Islamic Boarding School Food Waste
(FIBSFW)

FERMENTATION PROCESS OF ISLAMIC BOARDING
SCHOOL FOOD WASTE USING R. OLIGOSPORUS AS QUAIL
FEED

First, the edible food waste from the Islamic boarding
school, consisting of rice, vegetables, and leftover side
dishes, was prepared. Non-organic materials and foreign
objects were removed. Then, the remaining organic waste
was chopped uniformly to facilitate homogenization during
the fermentation process. Next, the material was partially
dried or adjusted to a moisture content of approximately
60-65%, which is the optimal condition for the growth of
fermentative microorganisms.

The prepared substrate was then sterilized using an
autoclave at 121°C and 15 psi pressure for 20 minutes. After
sterilization, the fermentation substrate was removed and
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Table 1: Feed ingredients and their nutritional composition used in the study.

Ingredient Crude protein ~ Crude fat Crude Calcium (%) Phosphorus (%) Metabolizable
(%) (%) fiber (%) energy (kcal/kg)

Ground Corn? 8.67 2.76 2.78 0.41 0.21 3300.00

Fish Meal® 58.00 3.23 2.20 3.85 2.33 2630.00
Soybean Meal* 46.00 2.50 3.00 0.80 0.45 2240.00
FIBSFW* 19.48 15.06 7.68 3.84 2.67 3100.00

Rice Bran® 8.00 6.00 15.00 0.69 0.26 1700.00

Fish Oil? 0 100.00 0 0 0 8500.00
Coconut Oil* 0 100.00 0 0 0 8500.00

Bone Meal? 0 0 0 24.00 12.00 0

CaCO3? 0 0 0 40.00 0 0

Top Mix® 0 0 0 0.06 0 0

Note: “Laboratory test results. "Packaging label from PT Medion Indonesia.

cooled to room temperature. Subsequently, it was
inoculated with a pure culture of R. o/igosporus at 3% of the
total substrate weight.

'The inoculated substrate was placed in porous plastic trays
and fermented for 5 days at room temperature (30-35°C).
During fermentation, the substrate was turned at least
once daily to maintain aeration and prevent the growth of
contaminant microbes. After fermentation was complete,
the material was dried to reduce the moisture content to
around 10-12% to inhibit the growth of unwanted fungi
and extend shelf life. Finally, the fermented substrate was
ground and sieved to obtain uniform particle size before
being incorporated into the quail feed formulation. The
feed ingredients and their nutrient contents used in this
study are presented in Table 1. The composition of the feed
formulation (%) can be seen in Table 2. Nutrient contents
of the treatment diets are shown in Table 3.

Table 2: Percentage composition of feed ingredients.

Ingredient Treatment

A B C D E
Ground corn  53.00 46.00 39.00 32.00 24.00
Fish meal 15.00 15.00 15.00 15.00 15.00
Soybean meal  13.00 10.00 7.00  4.00 2.00
FIBSFW 0.00 10.00  20.00 30.00 40.00
Rice bran 13.00 13.00 13.00 13.00 13.00
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
CaCO, 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
STUDY PARAMETERS

The parameters measured in this study were feed

consumption (g/head/day), quail day egg production (%),

egg weight (g/egg), feed conversion and egg yolk color.

Table 3: Nutritional composition of the experimental diets.

Nutrients Treatment

A%) B®) C®) D) E (%)
Crude protein  20.32  20.28 20.24 20.20 20.53
Crude fat 5.05 6.29 7.53 8.77 10.00
Crude fiber 4.14 4.63 5.11 5.59 6.08
Calcium 2.03 2.36 2.69 3.02 3.36
Available 0.99 0.91 1.15 1.39 1.63
phosphorus
Metabolizable 2825.70 2837.50 2849.30 2861.10 2862.30
energy

Note: Values were obtained based on Tables 1 and 2.

DATA ANALYSIS

All collected data were subjected to analysis of variance
(ANOVA), and when significant differences among
treatments were identified, Duncan’s multiple range test
was employed for mean separation at the 5% significance

level (P < 0.05), as described by Steel and Torrie (1991).

RESULTS AND DISCUSSION

Feed consumption in laying quails fed with Rhizopus
oligosporus-fermented Islamic boarding school food waste
(FIBSFW) showed a significant difference (P < 0.05).
Treatment A (0% FIBSFW) did not differ significantly (P
> 0.05) from treatments B (10%), C (20%), and D (30%).
However, all four treatments (A-D) were significantly
different (P < 0.05) from treatment E (40%). Feed
consumption ranged from 22.45 + 0.07 to 22.79 + 0.05 g/
head/day. Feed consumption per treatment was as follows:
A=2279+0.05B=2276+0.11; C=22.73 + 0.16; D =
22.72 + 0.09; and E = 22.45 + 0.07 g/head/day.
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Table 4: The effect of feeding Rhizopus oligosporus-fermented Islamic boarding school food waste as feed on feed
consumption, daily egg production, and feed conversion in laying quails.

Treatment Feed consumption Quail day egg Egg weight Feed conversion
(g/head/day) production (%) (g/egg)

A (0% FIBSFW) 22.79 £ 0.05* 91.50 + 0.88* 12.33 + 0.15° 2.02 +0.03

B (10% FIBSFW) 22.76 £ 0.11* 91.33 + 0.47* 12.30 + 0.08* 2.03 +0.03

C (20% FIBSFW) 22.73 £ 0.16* 91.25 +0.32* 12.27 + 0.11° 2.03 +0.03

D (30% FIBSFW) 22.72 £ 0.09* 90.58 + 1.00* 12.25 + 0.03* 2.05 +0.03

E (40% FIBSFW) 22.45£0.07° 89.17 + 0.64° 12.08 + 0.03" 2.08 = 0.02°
SEM 0.05 0.35 0.05 0.01

Description: **Different superscripts in the same column are significantly different (P<0.05). FIBSFW = Fermented Islamic

Boarding School Food Waste. SEM= Standard error of the mean

Although statistically significant, the effect size (Cohen’s
d) between A and E was calculated at approximately 2.62,
indicating a large effect. However, confidence intervals
overlapped among treatments A to D (95% CI for A:
22.69-22.89; for D: 22.59-22.85), suggesting biological
relevance may be minimal. This overlap supports the notion
that the differences, while statistically valid, are relatively
small in practical feeding terms. Feed consumption
did not differ significantly (P>0.05) among treatments
B (10% FIBSFW), C (20% FIBSFW), and D (30%
FIBSFW) compared to treatment A (0% FIBSFW). This
consistency across treatments suggests minimal variability

in palatability and feed acceptance.

'This was likely due to similar ration palatability between
treatments containing the fermented product and the
control. This finding indicated that the use of R. o/igosporus-
fermented food waste was still palatable to quails up to
a 30% inclusion level, even though commercial feed
ingredients such as corn and soybean meal were reduced

by 39.62% and 62.23%, respectively, in treatment D.

According to Savory and Gentle (1985), feed consumption
is influenced by nutrient content, palatability, and
digestibility. Palatability is a key factor affecting feed
intake and is influenced by taste, smell, and color, which are
physical and chemical properties of the feed (Roura ez al.,
2013). Fermented products were reported to be preferred
by quails over non-fermented ones due to the production
of favorable flavors (Agasi and Maulana, 2025; Zhang e#
al.,2013). Ferket and Gernat (2006) also stated that ration
consumption is aftected by factors such as age, palatability,
teed energy, production level, and overall feed quality.

The use of R. oligosporus-fermented food waste up to 40%
in quail feed did not negatively affect feed consumption.
'This was likely due to the increased glutamic acid content,
which rose from 3.53% before fermentation to 4.76%
after fermentation, enhancing flavor and increasing ration
acceptance. Zhang ez al. (2011) reported that glutamic
acid, a non-essential amino acid, acts as a flavor enhancer

that stimulates feed intake. Bredy and Moehn (2003)
stated that glutamic acid contributes a savory taste to
teed, promoting higher intake and weight gain. Kawai ez
al. (2002) demonstrated that glutamic acid improves meat
palatability, which may translate similarly to feed.

Quail egg production also showed significant differences
(P<0.05). Treatment A did not differ significantly
(P>0.05) from treatments B, C, and D, while treatments
A, B, C, and D differed significantly from treatment
E. Quail egg production ranged from 89.17 = 0.64%
to 91.50 + 0.88%. The production levels per treatment
were: A = 91.50 = 0.88%; B = 91.33 + 0.47%; C = 91.25
+ 0.32%; D = 90.58 + 1.00%; and E = 89.17 + 0.64%.
Despite statistical differences, the effect size between A
and E was 2.15, while A vs. D was 1.00 (moderate effect),
and 95% CI for A and D overlapped (A: 90.15-92.85; D:
88.58-92.58). This shows a moderate biological difference
but high overall stability. No significant differences (P>0.05)
were found among treatments B, C, and D compared to
treatment A, likely due to similar feed consumption levels.
Equal feed intake suggested that the available nutrients for
egg production were also comparable. Maulana ez a/. (2025)
stated that egg production is influenced by feed intake.
Comparable production outcomes indicated that protein
quality was similar between the control diet (A) and the
fermented diets (B, C, D). In treatment A, higher protein
quality originated from corn and soybean meal, while in
treatments B, C, and D, it came from the fermented food
waste.

The nutritional quality of food waste improved after
fermentation with R. oligosporus, particularly in essential
amino acids such as lysine and methionine. Before
fermentation, lysine and methionine levels were 0.96%
and 0.30%, respectively, and increased to 1.38% and 0.56%
post-fermentation. Saki ez a/. (2012) reported that lysine,
methionine, and tryptophan play essential roles in egg
production. Swiatkiewicz ez a/. (2012) emphasized that
amino acid availability significantly affects egg output, and
Wang and Lin (2009) noted that amino acids are essential
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for protein synthesis in egg albumin.

Egg weight also showed significant differences (P<0.05),
where treatment A did not differ significantly from
treatments B, C, and D, but all differed significantly from
treatment E. Egg weight ranged from 12.08 + 0.03 to
12.33 + 0.15 g. The average egg weights were: A = 12.08
+0.03; B=1230+0.08; C=12.27 £+ 0.11; D = 12.25 *
0.03; and E = 12.08 = 0.03 g. The effect size between A
and B was 3.08 (large), but again, overlapping confidence
intervals for A through D indicated limited practical
variation. The observed variability was minimal, as seen in
standard deviations below 0.15.

No significant effect was observed among treatments B, C,
and D compared to A, which could be attributed to similar
protein consumption: A = 4.56 g/head; B = 4.57 g/head;
C =4.55 g/head; D = 4.56 g/head. This suggested that the
protein available for egg formation was equivalent between
treatments with and without the fermented product. Li e7
al.(2019) reported that egg weight is influenced by protein
content in the diet, where increased dietary protein is
associated with greater egg weight in quails. Bunchasak
(2009) stated that protein, particularly certain amino acids,
impacts egg mass. Methionine consumption was nearly
identical across treatments A through D.

Feed conversion also differed significantly (P<0.05), with
treatment A not differing significantly from B, C, and D,
but all differing from treatment E. Feed conversion ranged
from 2.02 = 0.03 to 2.08 + 0.02. Feed conversion values
were: A =2.02 +0.03; B=2.03 +0.03; C =2.03 +0.03; D
=2.05 +0.03; and E = 2.08 + 0.02.

Effect size between A and E was moderate (d = 2.00),
but low variation across treatments (SD = 0.02-0.03)
and overlapping 95% CI suggest minimal biological
significance. This indicated that R. o/igosporus-fermented
food waste could replace up to 30% of the commercial
feed ingredients without compromising feed efhiciency.
Although corn and soybean meal were reduced by 39.62%
and 62.23%, respectively, in treatment D, efliciency
remained stable. Whiting and Williams (2014) defined
teed conversion as a measure of how efficiently feed meets
the nutritional needs of livestock. It is a key indicator of
production efficiency, where a lower feed conversion ratio
implies better utilization. Maulana ez a/. (2025) noted that
increased egg mass results in a lower feed conversion ratio
and thus improved feed efficiency.

Egg yolk color of laying quail fed with R. o/igosporus-
fermented Islamic boarding school food waste showed
significant differences (P < 0.05), where treatment A
did not differ significantly (P > 0.05) from treatments B,
C, and D. However, treatments A, B, C, and D differed

significantly (P < 0.05) from treatment E. The egg yolk
color ranged from 6.75 + 0.50 to 8.25 + 0.50.

Table 5: Effect of feeding Rhizopus oligosporus-fermented
Islamic boarding school food waste on egg yolk color of
laying quail.

Treatment Egg yolk color
A (0% FIBSFW) 8.25 + 0.50°

B (10% FIBSFW) 8.25 + 0.50°

C (20% FIBSFW) 7.75 + 0.50°

D (30% FIBSFW) 7.75 + 0.50°

E (40% FIBSFW) 6.75 £ 0.50°
SEM 0.25

Description: “*Different superscripts in the same column are
significantly different (P<0.05). FIBSFW = Fermented Islamic
Boarding School Food Waste. SEM = Standard error of the

mean.

Effect size between A and E was large (d = 3.00), and
confidence intervals showed no overlap (A: 7.25-9.25; E:
5.75-7.75), suggesting strong visual impact. Egg yolk color
values were A = 8.25 + 0.50; B = 8.25 £ 0.50; C = 7.75 +
0.50; D = 7.75 + 0.50; and E = 6.75 + 0.50. A significant
decrease in yolk color was observed in treatment E (highest
substitution level) with a score of 6.75 = 0.50 (P < 0.05).
'This decrease was caused by the reduction of carotenoid
pigments in the feed due to the increased use of fermented
food waste replacing corn. Table 2 shows that corn usage
was lowest in treatment E at 24%. Low corn content in
quail feed can reduce yolk color intensity due to reduced
carotenoid content. Corn contains pigments such as

xanthophyll, lutein, and zeaxanthin (Aguill6n-Piez and
Diaz, 2023).

'The decrease in yolk color is attributed to high levels of
fermented feed, which darkens the feed color. While
fermentation has advantages, especially in increasing the
availability of certain nutrients, it may reduce the stability
of sensitive compounds like pigments if not properly

controlled (Coda ez al., 2011).

'Therefore, R. o/igosporus-fermented food waste can be safely
incorporated into quail diets at moderate inclusion levels
(= 30%) without adversely aftecting yolk color. However,
higher inclusion levels may require supplementation with
carotenoid-rich additives to maintain yolk pigmentation
and meet consumer visual preferences.

CONCLUSIONS AND
RECOMMENDATIONS

'The inclusion of R. o/igosporus-fermented Islamic boarding
school food waste (FIBSFW) in the diet of laying quails
at levels up to 30% did not negatively impact productive
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performance or egg yolk color, even with a reduced
proportion of corn in the diet. At the 30% inclusion level,
the following performance parameters were recorded:
feed consumption of 22.72 + 0.09 g/head/day, quail egg
production rate of 90.58 + 1.00%, egg weight of 12.25
0.03 g/egg, feed conversion ratio of 2.05 = 0.03, and an
egg yolk color score of 7.75 + 0.50. This study recommends
the inclusion of R. o/igosporus-fermented Islamic boarding
school food waste (FIBSFW) at levels up to 30% in the
diets of laying quails as a sustainable and cost-effective
teed alternative. At this inclusion level, quail performance
and egg quality were maintained, despite a reduction in
conventional ingredients like corn. However, for inclusion
levels exceeding 30%, it is advised to supplement the
diet with carotenoid-rich additives to preserve yolk
pigmentation and consumer acceptability. Further
research is also encouraged to assess the long-term effects
and nutritional optimization of fermented food waste in
poultry diets.
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