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Abstract

ackground: Soybean milk dregs (SMD) are one of the potential feed ingredients for quail, however

improving their nutritional value and utilization requires a biotechnological approach. This

investigation was performed on the percentage and effect of using fermented soybean milk dregs
(FSMD) inoculated with Aspergilius ficuum in quail rations.

Methods: 200 quails (Coturnix japonica), aged 20 weeks, were used in this study. They were kept in 20 battery
cage units, each with 10 quails inside. The analysis was carried out using a completely randomized design
with 5 treatment rations and 4 replications. The treatment rations were R1, R2, R3, R4, and R5 using 0, 10, 15,
20, and 25% FSMD respectively, which were prepared based on 20% iso-protein and 2800 kcal/kg iso-calorie.
Feed consumption, egg production, egg mass, feed conversion, egg weight, shell thickness, and quail yolk
color were among the variables that were observed.

Results: According to the results of the analysis of variance, feed consumption, egg production, egg mass,
feed conversion, egg weight, and shell thickness were all unaffected by the use of FSMD (P >0.05).
Additionally, there was a strong correlation between parameters under the treatment effect, with the
exception of egg thickness.

Conclusion: The optimum level of fermented soybean milk dregs was 25% level in quail rations.
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quail eggs

Introduction

Quails are livestock with a significant potential for
development due to their small size, rapid growth, and
reproductive rates. This great potential allows for
efficient farming on smaller amounts of land compared
to other poultry. From the production cycle aspect,
quails can lay their eggs at 35-42 days old, reaching a
production rate of 200-300 eggs per year. However, the
high cost of feed in quail farming presents a significant
challenge, necessitating the exploration of alternative
feedstuff by utilizing local agricultural or industrial
waste to reduce the feed cost and increase availability.
These alternative feed ingredients must meet specific
criteria, including ease of procurement, high
palatability, non-toxicity, non-competitive with human
needs, and nutritional content essential for livestock.
As a by-product of soybean milk processing, soybean
milk dregs (SMD) are one of the substitute feed
ingredients that can be utilized.

SMD has a high nutritional content, with 24.76%
crude protein, 2.86% crude fat, 18.15% crude fiber,
7.49% ash, 0.09% Ca, and 0.05% P [1]. Despite its
relatively high nutritional content, only 6.2% of SMD is
currently used in broiler rations due to low quality,
palatability, and a high content of fiber. The
fermentation process is one of the preprocessing steps
needed to increase the composition of SMD in poultry
rations. Fermentation is a process of chemical change
of organic compounds such as carbohydrates, fats,
proteins, and other organic matter, both in aerobic and
anaerobic conditions through enzymes produced by
microbes [2-5]. SMD fermented with Neurospora sp.
has significantly increased the content and quality of
soybean milk dregs such as 35.71% crude protein,
12.26% crude fat, 13.99% crude fiber, 0.36% calcium,
0.9 % phosphor, and 66.86% nitrogen retention, but its
use in broiler rations is only 15.2% [3]. Furthermore,
Ciptaan et al, [1] carried out SMD fermentation with
Neurospora sitophila and obtained 36.49% crude
protein, 14.04% crude fiber, 4.49% crude fat, 0.69%
calcium, 0.65 phosphor %, 3139 kcal/kg metabolic
energy, 79.64 mg/g f3-carotene content, 57.54%
nitrogen retention, and 56.05% crude fiber digestibility.
Because of its high crude fiber content and 2.98%
phytic acid content, although with the increase in
nutrient content, its use in rations has only reached 23
% [3]. The SMD is fermented, but only 23% is used in
broiler rations due to the presence of phytic acid [1]. To
increase the use of SMD in poultry rations, the search
for microbes that produce phytase enzymes is
necessary to decrease phytic acid. A. ficuum is a mold
that has a high rate of production of both cellulase and
phytase [6]. High phytic acid binds proteins and amino
acids, making protein unavailable to poultry, thereby
disrupting broiler growth, as the digestive tract does

not produce enzymes to hydrolyze phytate. Ciptaan et
al., [1] stated that increased nutrients from SMD were
obtained through fermentation with A. ficuum,
including 34.95% crude protein, 11.01% crude fiber,
62.99% nitrogen retention, 58.92% crude fiber
digestibility, and 0.11% phytic acid. Consequently,
fermented SMD is now being included at the rate of
25% in broiler rations [7].

Based on the description above, it is necessary to
determine the precise composition of fermented SMD
inoculated with A. ficuum for use in quail rations to
achieve optimal performance. Therefore, this study
aimed to determine the precise level and effect of
fermented soybean milk dregs (FSMD) inoculated with
A. ficuum on quail production performance and egg
quality.

Methods

Animal maintenance: 200 quails (Coturnix japonica)
with a production average of 35%, aged 20 weeks were
used. 20 battery cages made of wire and wood
measuring 45x20%x30 c¢cm, each unit accommodating 10
quails equipped with feed and drinking containers.
Additionally, sixty-watt lamps were used for lighting at
night.

Feeding treatment: The ration comprised yellow corn,
soybean meal, fermented soybean milk dregs (FSMD),
fish meal, coconut oil, and top mix. The treatment
ration was prepared with a balance of 20% crude
protein and metabolic energy of 2800 kcal/kg,
according to NRC [8]. Subsequently, each material was
weighed according to the composition of the treatment
ration, stirred, and blended. The composition of feed
ingredients, the content of food substances (%), and
the metabolizable energy (kcal/kg) of the treatment
ration are in Tables 1 and 2. The procedure for making
FSMD was carried out by adding SMD and rice bran in
an 80:20 ratio as a substrate, with A. ficuum inoculum
added at of 10% relative to the substrate. A mixture of
substrate and inoculum was incubated in an incubator
for nine days. Subsequently, FSMD was harvested, dried
in an oven at 50°C, and was given in quail rations.

Data analysis: Data measured were quail feed
consumption and conversion, egg production, weight,
mass, shell thickness, and yolk color. Subsequently, the
data obtained were processed statistically by analysis of
variance [9]. Correlation analysis was conducted for
each parameter observed using Minitab® version 20.3.

Results

Quail feed consumption: The statistical analysis
showed that incorporating 25% FSMD in the diet did
not significantly affect (P >0.05) quail consumption.
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During this study, the average diet consumption ranged
from 23.41 g/head/day.

Feed ingredients Treatments ration

R1 R2 R3 R4 R5
Commercial concentrate 12 12 12 12 12
Yellow corn 52.7 45.1 424 39.7 37.0
Soybean meal 20.3 12.4 9.8 7.2 4.7
FSMD 0 15 20 25 30
Fish meal 14 14 14 14 14
Coconut oil 0.5 1 1.3 1.6 1.8
Top mix 0.5 0.5 0.5 0.5 0.5
Total 100 100 100 100 100

FSMD: fermented soybean meal dregs
Table 1: Feed ingredients (%) in the treatment ration.

Feed substances Treatments ration
R1 R2 R3 R4 R5

Crude protein 22.02 22.00 22.00 22.00 22.04
Crude fat 3.01 3.33 3.56 3.80 3.94
Crude fiber 3.08 4.69 5.23 5.76 6.30
Calcium 1.17 1.18 1.19 1.19 1.19
Phosphor 0.63 0.60 0.60 0.59 0.58
Energy metabolism | 3007.6 3001.6 3006.2 3010.8 3009

Table 2: Composition of feed ingredients and content of feed
substances (%) and metabolic energy (kcal/kg) of the ration
treatment.

Egg production: The use of 25% FSMD in quail rations
showed no significant (P >0.05) effect on egg
production, with an average of 62.05-66.09%.

Egg mass: Referring to the statistical analysis, 25%
FSMD in the feed did not significantly affect (P >0.05)
egg mass. During this study, the average egg mass of
quail ranged from 6.29-6.72 g/head/day.

Feed conversion: The statistical analysis indicated that
25% FSMD in the diet did not significantly affect (P
>(0.05) ration conversion, with an average ranging from
3.60 to 3.82.

Egg weight: Based on statistical analysis, 25% FSMD in
the diet did not significantly affect (P >0.05) quail egg
weight, with an average of 10.12-10.16 g/egg.

Eggshell thickness: The findings show that the effect of
incorporating 25% FSMD in the diet did not
significantly affect (P >0.05) eggshell thickness. Based
on the results, the average quail eggshell thickness
ranged from 0.23-0.25 mm.

Egg yolk color: The incorporation of 25% FSMD in the
ration did not significantly affect (P >0.05) the color of
quail egg yolks. Furthermore, no significantly different
egg yolk color from treatments R1 to R5 showed that
the use of 25% FSMD in the rations still gave the same
color between treatments, with an average value of
4.54.

Correlation between parameters: The results of the
correlation analysis shown in Figure 1 indicated a

strong positive relationship between feed consumption
and feed conversion (0.93). This similar trend was also
observed in egg production with egg yolk color, weight,
and mass, with values of (0.95), (0.97), and (1.00),
respectively. A strong positive relationship was
observed between egg yolk color with egg mass (0.97),
egg mass with egg weight (0.97), and egg yolk color
with egg weight (0.91). Meanwhile, a strong negative
correlation was found between the parameter pairs egg
production and feed conversion (-0.87), egg mass and
feed conversion (-0.89), egg yolk color and feed
conversion (-0.95), egg weight and feed conversion (-
0.86). The parameter of eggshell thickness showed a
near-neutral correlation to all observed parameters.

Parameters R1 R2 R3 R4 R5 SE
0% (10% (15% (20% (25%

FSMD) | FSMD) FSMD) FSMD) FSMD)
Feed 21.65 23.62 24.22 25.67 2341 0.88
consumption
(g/day)
Egg 66.09 65.86 63.42 62.67 62.05 2.77
production
(%)
Egg mass 6.72 6.67 6.46 6.34 6.29 0.29
(g/day)
Feed 3.31 3.57 3.79 4.04 3.81 0.20
conversion
Egg weight 10.16 10.15 10.13 10.13 10.12 0.08
(g/egg)
Eggshell 0.25 0.23 0.24 0.24 0.25 0.01
thickness
(mm)
Egg yolk color | 5.08 4.96 4.75 4.46 4.54 0.17

Different superscript in the same line shows a non-significant
difference (P >0.05).

SE: Standard error.

Table 3: Mean of quail feed consumption and conversion, egg
production, weight, mass, shell thickness, and yolk color.

Figure 1: Correlation of quail feed consumption and conversion,
egg production, weight, mass, shell thickness, and yolk color on a
heatmap. Lighter colors show weaker correlations, while darker
colors show stronger correlations. (in the visual representation,
red signifies a positive correlation, while blue signifies a negative
correlation).

Discussion

FSMD used in quail rations experience significant
physical differences during the fermentation, affecting
taste, smell, texture, digestibility, and palatability
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compared to the original ingredients. Similarly,
Mirnawati et al, [2] stated that fermentation could
improve taste and aroma, palatability, digestibility, and
affect consumption. Bahera et al, [10] added
fermentation increased the digestibility of nutrients
such as amino acids, crude fiber, nitrogen, and
palatability of the ration. According to Sukaryana et al.,
[11], fermented products can change feed ingredients
to enhance digestibility, aroma, taste, and eliminate
toxins from their original ingredients. The results
obtained were higher than Ciptaan et al, [12] who
reported an average feed consumption of quail 22.14
g/head/day by using palm oil sludge fermented with
Phanerochaete chrysosporium and Neurospora crassa
in quail ration.

Fermentation has the potential to improve
digestibility, facilitating the use of nutrients for egg
production. As explained by Mirnawati et al, [2],
fermentation breaks complex bonds of carbohydrates,
fats, proteins, crude fiber, or other organic substances
to increase their digestibility. In this study, the amino
acid content also influenced egg production, as
fermented products increased the content of amino
acids, which were essential for egg formation. Based on
previous studies, Fajrona et al [14] reported a lower
value, with an egg production of 57.48%, while Ciptaan
et al., [4] showed a 70.93% quail egg production rate.

In this study, the difference between control and
treatment was not significant in the egg mass. This was
because the number and weight of the eggs were the
same, resulting in a similar egg mass due to the
relationship between the two parameters. According to
Nasikin et al, [15], egg weight is related to egg mass,
where the pattern of increasing egg mass is in line with
the growth of mature follicles. Kartasudjana and
Suprijatna [16] added that egg mass depended on the
percentage of daily egg production and weight. The
results were higher than Latif et al, [17], with an egg
mass of 4.9 g/head/day using fermented shrimp waste
flour rations. However, these values were lower
compared to those found by Ciptaan et al, [4], with an
egg mass of 7.54 g/head/day.

In this study, feed conversion was not different, as
both ration consumption and egg mass had no
significant effect. This occurred because ration
conversion was obtained by comparing consumption
and egg mass. Maknun et al., [13] reported the effect of
both ration consumption and egg mass in determining
conversion rate by comparing the amount of ration
spent on egg production and mass [4]. The conversion
rate is related to consumption and the ability to
transform rations into products such as meat and eggs.
This shows that a lower ration conversion rate
indicates a more efficient use of ration consumed [18].
However, the results of this study were lower compared

to Ciptaan et al., [4], who reported a feed conversion of
3.08. The ratio containing 25% FSMD had the same
quality as the control ratio (0% FSMD). This
phenomenon resulted in the production of comparable
egg weight as the control, according to the insignificant
effect in each treatment. Furthermore, the use of FSMD
products with A. ficuum improved nutritional quality
and increased feed digestibility. According to
Mirnawati et al, [2], substances that are fermented
have the potential to produce higher quality. Ciptaan et
al, [3] added that the fermentation of soybean by-
products using A. ficuum increased nitrogen retention
by 61.16% and crude fiber digestibility by 58.76%.

The insignificant effect on quail egg weight in each
treatment was also caused by the ration energy. This
study used iso-energy as the ration to produce eggs
with almost the same weight. According to Ciptaan et
al., [4], egg weight was not significantly affected by the
preparation of rations with comparatively equal protein
contents. The absence of significant difference in
eggshell thickness indicated that the ration containing
25% FSMD had the same quality as the control ration
(0% FSMD), resulting in relatively the same thickness.
This occurred due to the same content of Ca and P in
the rations of each treatment. The mineral content of
calcium and phosphorus affects the quality of the
eggshells, as carbonate ions and calcium ions are
required to form eggshell CaCOs. According to Jumadin
et al., [19], another component that influences eggshell
quality is mineral calcium. Shen and Chen [20], also
stated that calcium played a role in the efficiency of
feed use, egg production, and shell quality, which
mainly consists of calcium. The results of this study
were higher than Alamsyah et al., [21], who obtained a
mean quail eggshell thickness of 0.20-0.21 mm.

This significant increase in digestibility enhanced
feed consumption, ensuring nutrient intake for egg
formation and increasing weight. In this study, B-
carotene was solely obtained from corn for the
formation of yolk color. As stated by Kang et al., [22]
yolk color was influenced by carotene pigment.
Furthermore, Yuwanta [23] added that egg pigments
are carotene and riboflavin classified as lipochromes,
namely xanthophyll which causes the egg yolk color to
become reddish-orange. The results were lower than
Zuhri et al., [24], ranging from 5.45-6.35. Although the
color of the yolk affected egg quality, Ciptaan et al,
[12] obtained an optimum color index of 6.75. FSMD
inoculated with A. ficuum can be incorporated into
laying quail rations at a level of 25%. The result showed
a consistent ration consumption of 23.41 g/head/day,
daily egg production 62.05%, egg mass 6.29 g/head/day,
conversion ratio 3.81, egg weight 10.12 g/item, shell
thickness 0.25 mm, and yolk color 4.54.
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