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ARTICLE INFO ABSTRACT

Avrticle History: The reliance on natural feeds such as rotifers and Artemia in the larval
Received: Jan. 18, 2025 rearing of the white snapper (Lates calcarifer) often leads to nutritional
Accepted: March 24,2025  deficiencies and elevated operational costs. This study aimed to investigate
Online: March 27, 2025 the impact of mixed microorganisms specifically Bacillus sp, Aspergillus

sp., Rhizopus sp., Saccharomyces sp., and Lactobacillus sp., as pre-digestion
agents to improve the nutritional profile of artificial feed. A factorial

ﬁ?gggg& experiment was conducted with varying microbial doses (5, 10, and 15mL/
Pre-di est’ion kg) and incubation durations (6, 12, 18, and 24 hours). The results revealed

g ' that the optimal treatment of 10mL/ kg, with an incubation period of 18
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. hours, significantly enhanced protein content, reduced crude fiber levels,
White snapper, d i 4 al . hereby i . .
Feed and increased glucose concentrations, thereby improving nutrient

digestibility. The microbial hydrolysis process not only elevated protein
solubility but also facilitated lipid metabolism while decreasing anti-
nutritional factors. These findings suggest that microbial pre-digestion is a
promising strategy to enhance the efficiency and sustainability of artificial
feed in aquaculture.

INTRODUCTION

Aguaculture success heavily relies on the availability of high-quality feed that
meets the nutritional requirements of cultured species. For the white snapper (Lates
calcarifer), larval rearing primarily depends on natural live feeds like rotifers
(Brachionus plicatilis) and Artemia nauplii (EI-Dahhar et al., 2024). While these live
feeds provide essential nutrients; however, they frequently lack a comprehensive
nutritional profile, resulting in deficiencies in essential macro- and micronutrients vital
for optimal larval growth and survival (Moroni et al., 2024). Producing live feed on a
large scale requires significant land, labor, and infrastructure, increasing operational costs
in hatchery management (Alfonso et al., 2023). Artificial feed has emerged as an
alternative to offer a nutritionally balanced and cost-effective solution for larval rearing
(Abdulla et al., 2024). However, the effectiveness of artificial feed is limited by the
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underdeveloped digestive systems found in early-stage larvae, restricting their ability to
hydrolyze complex macronutrients (Rasdi et al., 2021).

A highly promising strategy for enhancing the digestibility of artificial feed is pre-
digestion, which involves breaking down complex feed components into simpler, more
bioavailable forms before consumption (Surnawati et al., 2020). Pre-digestion can be
achieved enzymatically or microbially; each method facilitates the breakdown of
proteins, lipids, and carbohydrates into smaller peptides, fatty acids, and
monosaccharides. Studies have demonstrated that enzymatic hydrolysis using proteases
such as papain at a concentration of 4.5% significantly increases protein solubility and
enzymatic activity in feed (Rasdi et al., 2021). Furthermore, microbial fermentation has
been widely recognized for its role in improving organic matter digestibility and nutrient
bioavailability in various aquaculture feeds (Aslamyah et al., 2022).

Microorganisms mix including Bacillus sp., Aspergillus sp., Rhizopus sp.,
Saccharomyces sp., and Lactobacillus sp. are recognized as effective agents for feed
fermentation. These microorganisms produce various hydrolytic enzymes such as
proteases, amylases, cellulases, and lipases that degrade complex feed components (Chi
et al., 2024). For example, Bacillus species are known to enhance protein digestibility
through protease production, while Lactobacillus has been reported to increase lipid
metabolism via lipase activity (Niu et al., 2022). Previous research has shown that
fermentation using Bacillus and Lactobacillus can enhance the protein content of feed by
promoting microbial biomass synthesis and enzymatic hydrolysis (Rudnyckyj et al.,
2023). However, while the use of single-strain probiotics has been extensively studied,
the synergistic effects of mixed microbial fermentation in aquaculture feeds remain
underexplored.

Although promising results have emerged from other aquaculture species, the
application of microbial pre-digestion for the white snapper larvae remains insufficiently
explored. Previous studies demonstrate that microbial fermentation improves the
digestibility of plant-based feed ingredients, such as soybean meal and sago pulp, by
reducing anti-nutritional factors while increasing protein bioavailability (Sumiana et al.,
2020). Moreover, mixed microbial fermentation has been reported to increase glucose
content in feed, thereby enhancing its energy availability for fish larvae (Ismail et al.,
2023). However, limited information exists regarding the optimal microbial dosage and
incubation time needed to maximize pre-digestion efficiency in the white snapper larval
artificial feed

Given this gap in knowledge, the present study aimed to evaluate the effect of
mixed microorganism pre-digestion on artificial feed digestibility for the white snapper
larvae. Specifically this study seeked to determine the optimal dosage and incubation
period of microbial fermentation to enhance protein solubility, glucose availability,and



1251
Enhancing Artificial Feed Quality for the White Snapper (Lates calcarifer)
through Mixed Microorganisms as Pre-Digestion Agents

overall feed quality. By identifying the most effective pre-digestion parameters, this
research could contribute to developing nutritionally superior artificial feeds that promote
sustainable aquaculture practices while reducing dependency on live feeds. By
implementing these corrections across all paragraphs systematically improves clarity
while enhancing grammatical accuracy throughout your introduction.

MATERIALS AND METHODS

Feed preparation and pre-digestion process
The feed used in this study was a commercial larval feed (Aquaxcel), which

contained 38% protein, 4.35% fat, 11.44% ash, and 42.61% nitrogen-free extract. The
feed was pre-digested using a mixed microorganism solution consisting of Bacillus sp.,
Aspergillus sp., Rhizopus sp., Saccharomyces sp , and Lactobacillus sp. The microbial
culture was prepared by inoculating 2mL of microbial starter in a solution of 2L coconut
water and 500g sugar, followed by incubation at room temperature for 24 hours. The
prepared microbial culture was diluted and uniformly sprayed onto 1kg of feed. The
treated feed was incubated at room temperature for varying durations (6, 12, 18, and 24
hours). The fermentation reaction was terminated by steaming the feed at 100°C for 2
minutes before further analysis.

Research design

The experimental design used was a Factorial Completely Randomized Design
(CRD), comprising two factors: the dose of the microbial mixture and the incubation
period. The first factor involved three treatments with varying doses of mixed microbes
in artificial feed (5, 10, and 15mL/ kg). Each dosage treatment was repeated three times.
The second factor was different incubation periods (6, 12, 18, and 24 hours).

Proximate analysis

The sample's protein, fat, ash, carbohydrate, fiber, and water content was
determined using the proximate analysis method established by the Association of
Official Analytical Chemists (AOAC, 2005). The Kjeldahl technique was used to assess
protein levels, while the Soxhlet method was used to evaluate fat levels. The moisture
content and ash were assessed using the gravimetric method. In addition, carbohydrate
levels are manually estimated using the estimated analysis results.

Degree of hydrolysis of feed nutrients

The degree of feed hydrolysis was calculated using a formula proposed by
Aslamyah (2006). The value obtained from analyzing artificial feed proximate before
and after pre-digestion with mixed microorganisms according to dosage and incubation
time is inserted into the formula below:
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i)

Py

DHFP = x 100

PD

Where: DHP = degree of hydrolysis of protein
PO = protein level at the initial time
Pt = protein content at the end

Glucose content

Glucose content was measured following Yasutake (1977) procedures. The
measurement of feed glucose levels was carried out at the end of the observation. As
much as 2g of the predigested feed was diluted with 5mL of aquadest. Subsequently, it
was centrifuged at 3,000 rpm for 15 minutes. The resulting supernatant was used to
measure used glucose content.

Soluble protein

The dissolved protein content from predigested feed samples after stopping their
reactions was measured by weighing approximately 0.5g before adding it to three mL
Tris HCI pH 6.5 solution followed by centrifugation at ten thousand rpm for 20 minutes.
The resulting supernatant was utilized for soluble protein analysis following the method
of Bradford (1976).

Data analysis

Data were analyzed using factorial ANOVA, effects with a probability of P< 0.05
was considered to be significant. Moreover, the Tuckey post-hoc test was applied to
compare differences between means that were then analyzed descriptively. The results
were presented as a means with standard deviations (SD) (mean £SD). Statistical analysis
was performed using SPSS (Statistical Package for Social Sciences, Version 27, IBM
Corporation, New York, USA).

RESULTS

Proximate composition of pre-digested feed

The average proximate analysis of artificial feed for white snapper larvae after
adding the predigest microorganism mix is presented in Table (1). Proximate analysis
showed significant variation in treatments' protein, fat, crude fiber, and ash levels. Ash,
fat, and crude fiber levels decreased in all treatments compared to the control. The lowest
ash content was in the A1B4 treatment at 8.52%, and the highest in the A1B3 treatment at
10.99%. The lowest fat content was in the A2B3 treatment at 2.83%, and the highest in
the A3B1 treatment. The lowest crude fiber content was in the A1B3 treatment at 0.66%,
and the highest was in the A1B1 dose at 1.11%. Protein and NFE levels increased
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compared to the control, indicating improvements in nutritional value. Treatment A2B3
had the highest protein content at 42.27%. At the same time, A1B4 had the highest NFE
content at 46.17%. These changes indicate an increase in feed quality in specific
treatments compared to the control.

Table 1. Proximate analysis of predigested artificial feed using mixed microorganisms

Treatment Ash Fat Protein Crude Fiber NEF
control 11.44 3.60 38.00 4.35 42.61
AlB1 10.74 + 0.12° 3.14 + 0.00¢ 40.65 + 0.052 1.11 +0.01¢ 44.35+0.112
AlB2 10.51 + 0.03° 3.06 +0.01° 41.26 + 0.05% 0.99 +0.01¢¢  44.13 £ 0.06*
Al1B3 10.99 + 0.33° 2.88 +0.028 41.31 + 0.092 0.66+ 0.14° 44,18 £0.10°
AlB4 8.52+0.12¢8 2.84 +0.018 41.65 + 0.02° 0.88 + 0.01¢ 46.17 + 0.01¢
A2B1 10.43 £ 0.09° 3.09 £ 0.01°¢ 40.19 + 0.052 0.96 + 0.02¢ 45,34 +0.05°¢
A2B2 10.56 + 0.21° 3.03+0.01° 41.74 +0.32° 0.83 +0.01° 43.84+0.112
A2B3 10.72 + 0.24° 2.83+0.028 42.27 + 0.45° 0.73+0.018 4345 +0.35°
A2B4 10.55 + 0.13° 2.84 +0.012 42.02 +0.13° 0.75+0.018 43.85+0.012
A3B1 10.54 + 0.03° 3.14 + 0.00°¢ 40.85 + 0.022 0.97 +0.01¢ 4450 + 0.04°
A3B2 10.58 +0.05° 3.02£0.01° 41.42 +0.07° 0.83+£0.01° 44,15 + 0.022
A3B3 10.51 + 0.06° 2.84 +0.032 41.12 +0.03¢2 0.73+0.018 44,87 + 0.06°
A3B4 10.67 £ 0.04° 2.86 £ 0.012 41.33 + 0.0082 0.74 +£0.018 44.47 +0.02°

Note: Different letters in the same column indicate significantly different results (P<0.05). The same letters
in the same column indicate results that are not significantly different (P>0.05).

Hydrolysis degree of nutrients
The data show the results of measuring the nutrient degree of artificial feed for

white snapper larvae after predigestion using a mixture of microorganisms presented in
Table (2); the hydrolysis degree of fat, fiber, protein, and NEF. The optimal hydrolysis
degrees for fat (34.95%), fiber (79.86%), protein (-11.25%), and NEF (-1.97) were
recorded at 10mL/ kg dosage with 18-hour incubation.

Table 2. Degree of hydrolysis of artificial feed of white snapper larvae predigested with
mixed microorganisms

Treatment Hydrolisis Hydrolisis degree Hydrolisis degree of ~ Hydrolisis
degree of Fat of Fiber protein degree of NEF
AlB1 27.82+0.072 69.02 + 0.322 -6.98 + 0.13° -4.08 £ 0.26°
Al1B2 29.76 £ 0.20° 72.50 £ 0.18? -8.57 £0.13° -3.71+0.15°
AlB3 34.18 £ 0.32° 81.67+ 3.74¢ -8.71+£0.22° -3.68+ 0.25°
AlB4 33.92 +£0.24° 75.47 £0.25P -9.48 + 0.06* -8.35+0.01*
A2B1 29.06 + 0.06° 73.51+0.68? -5.76 £0.15° -6.40 £ 0.12°
A2B2 30.44 + 0.24° 77.01+0.32° -9.85 £ 0.85% -2.90 £ 0.36°
A2B3 34.96 + 0.40° 79.86 + 0.16° -11.25 £ 1.30? -1.97 £ 0.83°
A2B4 34.82 £0.20° 79.36 £ 0.18° -10.58 + 0.37° -2.29 £0.01°
A3B1 27.79 £ 0.10° 73.15+0.08? -7.51 £ 0.04° -4.43+ 0.09°
A3B2 30.69 +£0.22° 76.78 £ 0.22° -9.00 £ 0.20° -3.62 £ 0.03°
A3B3 34.71+0.71° 79.57 £ 0.19° -8.12 +£0.08° -5.32£0.13°
A3B4 34.28 £ 0.92° 79.42+ 0.16° 8.67 £ 0.06° -4.38 + 0.06°

Note: Different letters in the same column indicate significantly different results (P<0.05).
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The analysis of variance showed that the dose of mixed microorganisms, the incubation
period, and the interaction of both significantly affected the average degree of hydrolysis
of fat, fiber, protein, and NEF (P<0.05). The results of the W_Tukey test showed that the
average dose of 10ml/ kg feed and the incubation period of 18 hours was the most
optimal and significantly different from other treatments and substantially different from
other treatments of 5 and 15ml/ kg feed with an incubation period of 6 and 12 hours.
There was no significant difference in the treatment of doses of 5, 10, 15ml/ kg feed at a
period of 18 and 24 hours. The interaction between the degree of hydrolysis of feed
nutrients can be seen in Fig. (1).

Interaction of Degree of Nutrient Hydrolysis
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Fig. 1. Interaction of the degree of hydrolysis of predigested nutrients in artificial feed
using mixed microorganisms on dose treatment and incubation period

Soluble protein and glucose content

The highest soluble protein (48mg/ 10mL) and glucose content (7.67%) were
observed at 10mL/ kg dosage with 18-hour incubation.
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Fig. 2. Soluble proteins and glucose levels of predigest feed using microorganism mix
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DISCUSSION

Proximate analysis of the pre-digested feed using mixed microorganisms revealed a
significant variation in the nutritional profile of the feed treated with mixed organisms
compared to the control diet. The crude protein content increased significantly in all treatments,
with the highest value observed at a dose of 10mL/ kg of feed and an incubation time of 18
hours, while the feed without the addition of mixed microorganisms had the lowest protein
content of 38.00%. This observed increase in protein content aligns with previous research
indicating that microbial fermentation improves protein digestibility by producing exogenous
enzymes, such as proteases, breaking down complex proteins into peptides and free amino
acids (Rasdi et al., 2021: Chi et al., 2024), which increases protein availability for fish
(Rudnyckyj et al., 2023).

The microorganism mix contains Bacillus and Lactobacillus, known to produce protease
enzymes. Previous studies have demonstrated that fermentation with Bacillus and
Lactobacillus can increase feed protein content through protease enzyme synthesis and
microbial biomass growth (Li & Chen, 2024). Furthermore, certain microorganisms can
synthesize proteins through biomass synthesis, increasing the total protein in the feed (Anwar
et al., 2023). In addition, increased protein is also associated with a reduction in crude fiber and
fat, which enhances the overall nutritional composition of the feed (Aslamyah et al., 2018).
Therefore, fermentation with the optimal dose of microorganisms can increase the protein
content of feed and enhance nutrient utilization in fish (Melianawati & Pratiwi, 2022).

The crude fiber content in predigested feed showed a significant reduction compared to
the control (4.35%), with the lowest values observed in treatments A1B3 (0.66%) and A2B3
(0.73%). This decrease is attributed to the activity of cellulase and hemicellulase enzymes
produced by the mixed microorganisms, which break down complex fibers into simpler, more
digestible compounds (Rasdi et al., 2021). Previous research has shown that fermentation with
microorganisms such as Aspergillus and Rhizopus can hydrolyze crude fiber, increasing the
availability of other nutrients in feed (Fauzan et al., 2022). Reducing crude fiber is crucial
because high fiber content in fish feed can inhibit the digestion of other nutrients, especially in
the larval phase with an incomplete digestive system (Pu et al., 2023). A decrease in crude
fiber enhances overall feed digestibility, enabling fish to assimilate more nutrients. Therefore,
fermentation with a microorganism mix has the potential to be an effective method in
optimizing the quality of fish feed through the reduction of crude fiber.

The fat content in predigested feed decreased compared to the control (3.60%), with
the lowest value found in the treatment of 10mL/ kg of feed with an incubation period of
18 hours (2.83%). This decrease can be attributed to the activity of the lipase enzyme
produced by the mixed microorganisms, which hydrolyzes complex fats into free fatty
acids and glycerol (Niu et al., 2022). In addition, some microorganisms, such as
Lactobacillus, can also use lipids as an energy source, leading to reduced fat in feed
(Bendaoud et al., 2024). This reduction in fat content can mitigate the risk of fat
oxidation, which can degrade feed quality and produce toxic compounds harmful to fish
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(Sumiana et al., 2020). Therefore, fermentation with microorganisms not only enhances
fat digestibility but also improves the stability of the feed.

The content of Nitrogen-Free Extract (NFE) in predigested feed increased
compared to the control (42.61%). This increase reflects the effectiveness of
microorganisms in hydrolyzing starch and complex carbohydrates into simple sugars,
which are easier to utilize as a source of energy for fish (Sumiana et al., 2020).
Fermentation with microorganisms such as Saccharomyces and Lactobacillus has been
shown to increase NFE by converting complex carbohydrates into fermented sugars,
which can increase the energy value of feed (Ismail et al., 2023). However, treatment at a
dose of 10mL/ kg of feed with an incubation period of 18 hours did not show a significant
increase, likely because microorganisms, including bacteria and yeast, utilize the
hydrolyzed simple sugars for their metabolic processes and growth during fermentation
rather than converting them into NFE (Chen et al., 2024). The energy obtained from
hydrolyzed sugars is mainly used to synthesize microbial biomass, leading to low
accumulation of NFE in fermented feeds (Nordlund et al., 2024). The increase in
microbial biomass during fermentation reduces the amount of sugar available to be
converted into NFE, which affects the final yield of fermentation (Behounek et al.,
2024). Although it does not increase the NFE significantly, it improves feed quality.

The ash content in predigested feed decreased compared to the control (11.44%),
with the lowest value observed in the treatment of 5SmL/ kg of feed with an incubation
period of 24 hours (8.52%). Microorganisms, such as bacteria, play a role in modifying
the chemical composition of ash by solubilizing metals and other compounds, which can
lead to a decrease in ash levels (Aouad et al., 2006). Research indicates that an increased
feed mixing time is related to decreased ash and crude fiber levels, suggesting that
fermentation can improve feed quality (Latief et al., 2023).

A dose of 10mL/ kg of feed, coupled with an 18-hour incubation period, yielded
the highest degree of crude fat hydrolysis. This suggests that such conditions optimize
microbial activity, enhancing fat digestibility. Certain microorganisms, such as
Lactobacillus in the mixed microbial, can augment lipid metabolism by producing short-
chain fatty acids (SCFAs) during fermentation, which are essential for fat breakdown
(Niu et al., 2022). During fermentation, microbial cells multiply to produce enzymes that
facilitate fat breakdown (Sangadji, 2020). Optimal doses of microorganisms can enhance
the enzymatic activity required for effective fat hydrolysis, thereby improving the overall
nutritional quality of the feed (Ismail et al., 2023).

An 18-hour incubation period proved optimal for achieving the highest degree of
crude fat hydrolysis. Research indicates that hydrolysis processes generally last up to 18
hours, with specific enzymatic activity peaking at a given time (Prihanto et al., 2021).
This duration is also effective in hydrolyzing proteins and reducing fat content.
Furthermore, an optimal incubation time can alter the composition of microbial
communities, specifically increasing the abundance of fat-degrading bacteria, which is
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essential for effective fat hydrolysis (Pu et al., 2023). For example, the application of
lipase enzymes has demonstrated effective fat degradation within the specified incubation
period, underscoring the importance of timing for maximizing enzymatic efficiency
(Alabdalall et al., 2021).

The combination of a microbial dose of 10mL/ kg of feed and an incubation time
of 18 hours resulted in optimal crude fat hydrolysis. This interaction suggests a
synergistic effect, wherein the dose and incubation time together maximize enzymatic
activity against fat. The optimal dose of microbial enzymes or inoculants, when
combined with the appropriate incubation time, enhances hydrolysis and leads to
increased fat digestibility (Annisa et al., 2020). Conversely, insufficient doses or short
incubation periods can result in inadequate hydrolysis, as demonstrated by experiments
where low doses failed to achieve complete fermentation of feed components (Geng et
al., 2020). The extent of hydrolysis is also affected by the specific type of feed; for
example, certain substrates may require longer fermentation times to achieve optimal fat
breakdown (Anwar et al., 2023). Therefore, carefully balancing dosage and incubation
time is essential to maximize the efficiency of fat hydrolysis in fish feed.

Using microorganisms mixed at a dose of 10mL/ kg of feed to pre-digest the feed
resulted in the highest degree of crude fiber hydrolysis, achieving a value of 79.86%. The
mixed microorganism culture contains cellulase enzymes that effectively break down
crude fibers into simple sugars (Fauzan et al., 2022). Enzyme dosage is essential to
maximize the hydrolysis of crude fiber in feed, improving overall feed quality (Sumiana
et al., 2020). Thus, optimizing the dosage of microorganisms is essential to improve the
hydrolysis of crude fiber in feed, thereby enhancing the nutritional quality and
digestibility of the feed.

An 18-hour incubation period is optimal for the hydrolysis of coarse fibers,
allowing sufficient time for the enzymes to degrade the fiber components (Guna et al.,
2023). The incubation period affects the degradation of cellulose and hemicellulose,
leading to a significant decrease in crude fiber content (Anwar et al., 2023). A time
period of 18 hours contributes to a reduction in fiber, which enhances the degree of
hydrolysis of coarse fiber in the feed.

Enzyme dosage and incubation time play an important role in the hydrolysis of
coarse fiber in feed. Increased doses of hydrolytic enzymes, such as cellulase, have been
shown to significantly increase the breakdown of complex fiber structures into simpler
sugars, thereby improving digestibility (Rakhmawati et al., 2021). In addition, the length
of the incubation period is equally important; the optimal incubation time allows for a
wider range of enzymatic activity, which can lead to a greater reduction in crude fiber
content (Putra et al., 2022). The synergistic effect of enzyme dosage and incubation time
is important to optimize feed, especially in increasing the quality of fibrous feed
ingredients (Pratiwy & Maulida, 2022).
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The observed degree of protein hydrolysis can be attributed to the increased
protein levels resulting from the enzymatic activity of microbes that break down complex
protein structures into simpler, more absorbable forms. This aligns with previous research
that has highlighted the role of microbial fermentation in improving protein digestibility
(Surnawati et al., 2020; Rasdi et al., 2021). Dosage influences the degree of protein
hydrolysis, while lower doses can hinder microbial degradation, thus limiting the
hydrolysis process (Rudnyckyj et al., 2023). Conversely, higher doses can result in
substrate inhibition, leading to protein damage (Rasdi et al., 2021; Li & Chen, 2024).

An 18-hour incubation period is optimal for protein hydrolysis, allowing the
proteolytic enzymes to function optimally (Bendaoud et al., 2024). Other studies have
shown that varying fermentation durations can cause significant differences in protein
levels, with specific periods correlating with higher levels of hydrolysis (Melianawati &
Pratiwi, 2022). The interaction between enzyme dose and incubation time affects the
efficiency of protein hydrolysis in feed, which impacts the overall nutritional value and
digestibility.

Neither the variable dose nor the incubation time significantly affected the degree
of hydrolysis of NFE (P> 0.05). NFE hydrolysis largely depends on the activity of
amylase enzymes produced by microorganisms. The amylase enzyme activity produced
by the mixed microorganisms may not have been sufficient to effectively break down the
NFE (Niu et al., 2022). Amylase has a high substrate specificity, so its effectiveness in
hydrolyzing starch can vary depending on the structure and complexity of NFE in the
feed (Pu et al., 2023). The substrate microorganisms utilize contains more fat, protein,
and fiber than NFE, so microorganisms are more likely to hydrolyze these components
preferentially. Several studies suggest that the presence of proteins and fibers can
influence the degradation of NFE due to enzyme competition for different substrates
(Sumiana et al., 2020).

The addition of the microorganism mix increases the soluble protein content, with
an incubation period of 12-18 hours proving to be the most effective for optimizing
protein hydrolysis. The highest dissolved protein content observed at a dose of 15mL/ kg
of feed with a 12-hour incubation (48.38mg/ 10mL) and at 10mL/ kg of feed with an 18-
hour incubation (47.54mg/ 10mL) suggests that these conditions are optimal for
maximizing protein digestibility. An increase in soluble protein content up to 12-18
hours of incubation indicates optimal hydrolysis of complex proteins into peptides and
free amino acids (Bendaoud et al., 2024). The results align with previous research
showing that microbial fermentation using protease-producing bacteria increases protein
breakdown, thereby increasing the availability of nutrients in aquaculture feed (Ismail et
al., 2023). A decrease in soluble proteins after 24 hours of incubation suggests that
prolonged fermentation can lead to the secondary degradation of peptides into non-
protein nitrogen compounds, such as ammonia and volatile nitrogen metabolites (Pu et
al., 2023).
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An increase in glucose content of up to 18-24 hours of incubation demonstrates
optimal hydrolysis of complex carbohydrates into simple sugars by microbial amylase
(Bendaoud et al., 2024). These results align with previous research showing that
microbial fermentation can increase glucose availability by breaking down
polysaccharides into monosaccharides, thereby increasing energy utilization in fish feed
(Ismail et al., 2023). However, the lower glucose content observed in the treatment with
a microorganism mix of 15mL/ kg of feed suggests that excessive microbial activity may
lead to glucose consumption for microbial metabolism rather than accumulation in the
feed (Pu et al., 2023).

These findings suggest that a moderate microbial dose (10mL/ kg) with an
incubation time of 18 hours provides the most effective hydrolysis of carbohydrates while
preventing excessive glucose depletion. The increase in glucose content in feed digested
by microbes contained in the mix of microorganisms, including Bacillus, Lactobacillus,
and Aspergillus, is due to increased glucose through fermentation (Sidar et al., 2023;
Zhang et al., 2023). These microorganisms produce amylase and other carbohydrates
that hydrolyze complex starch molecules into more straightforward and more easily
digestible sugars, thereby increasing the availability of energy in feed (Abdulla et al.,
2024; Chi et al., 2024). However, excessive microbial doses (5mL/ kg of feed) and
prolonged fermentation of more than 24 hours can lead to glucose depletion, which
suggests that monitoring the dose and incubation period is essential to prevent excessive
microbial sugar consumption (Chi et al., 2024) .

CONCLUSION

This study demonstrates that microbial pre-digestion significantly enhances the
digestibility and nutritional quality of artificial feed for white snapper larvae. The
findings reveal that a microorganism dosage of 10mL/ kg with an 18-hour incubation
period results in optimal feed composition, characterized by increased protein solubility,
reduced fiber content, and higher glucose availability. These results suggest that
microbial fermentation effectively pre-digests feed components, improving nutrient
absorption and metabolic efficiency in fish larvae. The observed improvements in
nutrient availability align with previous studies on microbial fermentation, confirming
that enzymatic hydrolysis by mixed microorganisms plays a crucial role in breaking
down complex macronutrients. Additionally, the reduction in lipid oxidation potential
and fiber content further supports the feasibility of microbial pre-digestion as a strategy to
enhance artificial feed quality. The application of this technique in aquaculture could lead
to reduced dependence on live feeds, lower production costs, and increased sustainability
in larval fish rearing. Future research should focus on in vivo feeding trials to validate
these findings and optimize fermentation conditions for large-scale applications.
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