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INTRODUCTION  

Aquaculture has great potential to address global challenges related to food and 

nutritional security (Chizhayeva et al., 2022). One of the main challenges in developing 

efficient and sustainable aquaculture is its dependence on commercial feed. This feed is 

generally formulated with specific compositions that contain complete nutrients to 

support optimal fish growth (Nargesi et al., 2020). However, its primary component is 

often fish meal, which is derived from limited marine resources that are vulnerable to 
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Nutritional quality of fish feed remains a major challenge in aquaculture, 

particularly in balancing protein content and feed efficiency while reducing 

dependence on expensive commercial ingredients. Liquid bioslurry, a by-product 

of biogas production, has the potential to be used as a sustainable feed additive 

to improve nutritional quality due to its probiotic content. This study aimed to 

evaluate the effect of various concentrations of liquid bioslurry on the proximate 

composition of fish feed. The study was designed using a Completely 

Randomized Design (CRD) consisting of four treatments (20, 30, 40, and 50 % 

(v/w) of feed) and three replicates. The results of the analysis of variance showed 

that an increase in bioslurry concentration had a significant effect (P<0.05) on 

the nutrient content of the feed. Higher concentrations increased the moisture, 

ash, protein, and nitrogen-free extract (NFE) content, while the crude fiber 

content decreased. The highest fat content was obtained at a concentration of 40 

% (v/w) of feed before decreasing at higher concentrations. This study shows 

that the 50 % (v/w) of feed is the optimal dose for improving feed nutritional 

quality, particularly through increased protein and NFE and decreased crude 

fiber. The use of liquid bioslurry as a fish feed additive is still relatively limited, 

so this study provides a new contribution to the field of aquaculture feed 

nutrition. The results of this study have practical implications for the formulation 

of more economical and environmentally friendly aquaculture feed. 
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overexploitation (Abd Elzaher et al., 2023). In addition, the high cost of commercial 

feed, which accounts for 60–70% of the total production costs, limits profit margins, 

especially for small- and medium-scale farmers. 

To address this challenge, various innovations have been developed, one of which 

is the addition of feed additives, such as probiotics, in feed formulation development (El-

Saadoni et al., 2021) to support the expansion of sustainable and environmentally 

friendly farming practices. The addition of probiotic microorganisms to feed can assist 

the digestive process in the fish gastrointestinal tract. Probiotics are useful for inhibiting 

pathogenic microorganisms in the intestines and improving feed efficiency by releasing 

enzymes that aid digestion (Wuertz et al., 2021). The use of probiotics in aquaculture 

activities has been widely adopted, for example, the use of Bacillus species, as these 

bacterial strains can serve as effective probiotics for large-scale fish feed production 

(Azad et al., 2019; Liaqat et al., 2024). The microorganisms in biogas bioactivators are 

genetically original and not genetically engineered. The effective microorganisms in the 

bioactivator include Bacillus spp. and lactic acid bacteria (Lactobacillus) (Kumar et al., 

2023). 

One potential source of probiotic bacteria that has begun to receive considerable 

research attention is liquid bioslurry, a byproduct of the biogas fermentation process 

based on organic waste. Bacterial exploration results showed that the bioslurry contained 

Bacillus strains with probiotic potential and enzymatic activities such as amylase, lipase, 

and protease (Zaenab et al., 2025). Liquid bioslurry also contains various nutrients, such 

as nitrogen, phosphorus, and potassium, as well as beneficial probiotic microorganisms 

(Zhao et al., 2013). These components have the potential to be used as additives in fish 

feed formulations to enhance the nutritional value, improve digestion, and support fish 

growth and immunity. Some preliminary studies have indicated that the addition of 

bioslurry to feed can increase feed utilization efficiency and fish growth performance, 

although its effectiveness greatly depends on the dosage and processing of the bioslurry 

prior to application (FAO, 2013; Zaenab et al., 2022). Previous research has shown that 

feeding fish with feed containing bioslurry results in the best growth rates and feed 

efficiency in tilapia raised in floating net cages (Jamaluddin et al., 2024). 

Therefore, it is necessary to evaluate the capability of liquid bioslurry waste as a 

probiotic source in fish feed to hydrolyze the nutritional components of fish feed, 

especially its ability to hydrolyze protein, which is the most expensive raw material in 

fish feeds. This study aimed to evaluate the effectiveness of various doses of liquid 

bioslurry as a probiotic source to improve the nutritional quality of fish feed. Specifically, 

the research focused on assessing changes in proximate composition, including crude 

protein, crude lipid, crude fiber, and nitrogen-free extract (NFE). 
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MATERIALS AND METHODS  

 

Research tools and materials   

The materials used in this study were commercial fish feed and liquid bioslurry 

waste obtained as byproducts from a biogas reactor in Pangkajene and Islands Regency, 

South Sulawesi, Indonesia. The equipment used in this research included an autoclave, 

oven, Petri dishes, digital scales, syringe, and Laminar Air Flow (LAF). 

Research design   

This study employed a Completely Randomized Design (CRD) with four 

treatments and three replicates, resulting in a total of 12 experimental units. The 

treatments tested involved fermenting commercial feed with various concentrations of 

liquid bioslurry at room temperature for approximately 24h. The incubation period of 24 

hours was chosen because fermentation can proceed optimally during this time frame, 

thereby inhibiting the growth of undesirable microorganisms, preventing the risk of 

contamination, and increasing the nutrient and metabolite content of feed ingredients that 

are beneficial to fish (Boonmee et al., 2024). The treatments tested were as follows 

(Zaenab et al., 2022): 

(A) 20 % (v/w) of feed   

(B) 30 % (v/w) of feed   

(C) 40 % (v/w) of feed   

(D) 50 % (v/w) of feed 

Work procedure   

The research procedure began with the preparation of liquid bioslurry waste 

obtained from a biogas reactor. The waste was first filtered using cotton to separate 

coarse solids and insoluble impurities, resulting in a more homogeneous filtrate. The 

filtrate was then left at room temperature (±27–30 °C) for several hours to stabilize the 

conditions before use. One hundred grams of commercial fish feed was carefully weighed 

using an analytical balance, then placed in a Petri dish that had been sterilized beforehand 

with 70% alcohol. Next, liquid bioslurry waste is added to the feed by spraying it evenly 

using a sprayer, according to the dosage in the experimental design. The volume of 

solution for each treatment is adjusted by adding distilled water to reach 50 % (v/w) of 

feed to standardize the liquid input across the entire surface of the feed. 

The feed and bioslurry mixture was then incubated in a closed, airtight incubation 

container that still allowed minimal gas exchange. Incubation was carried out at room 

temperature (±27–30°C) for approximately 24 hours. After incubation, the fermented 

feed is then removed and dried using an oven at a low temperature (40– 50°C) until the 

moisture content is stable, to prevent the growth of contaminating microbes after 

fermentation. The incubated dry feed is then analyzed using proximate analysis to 

determine its nutritional quality. 
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Observed variables   

This study observed the nutrient composition of feed after fermentation using 

liquid bioslurry waste. The nutrient composition of the feed was analyzed using the 

proximate method, which includes analysis of moisture content, protein, fat, crude fiber, 

ash, and Nitrogen-free extract (NFE), according to the Association of Official Analytical 

Chemists standard (AOAC, 2005). 

Data analysis   

The proximate data of fish feed, consisting of moisture, ash, fat, protein, and crude 

fiber content after fermentation, were analyzed using analysis of variance (ANOVA) and, 

if there was a significant effect (P< 0.05), further tested with the W test -Tukey HSD test. 

In addition, a linear regression test was performed to examine the correlation between the 

concentration of liquid bioslurry in feed and the protein content and feed fiber content 

using the SPSS application. 

RESULTS AND DISCUSSION 

 

 The proximate composition of feed nutrients fermented with various 

concentrations of liquid bioslurry is shown in Table (1). 

Table 1. Proximate composition of feed nutrients fermented with various 

concentrations of liquid bioslurry 

Treatment 
Parameter (%) ±std 

Water Ash Fat Protein Crude fiber NFE 

Without incubation 19.22 10.08 4.25 20.1 15.71 30.02 

20% (v/w) of feed 19.26±0.145a 10.48±0.195a 4.52±0.100a 17.95±0.035a 15.72±0.100c 45.38±0.300a 

30% (v/w) of feed 26.57±0.700b 11.83±0.050b 4.31±0.135ab 19.62±0.040b 15.14±0.100b 46.47±0.200b 

40% (v/w) of feed 34.53±0.110c 11.51±0.120b 4.53±0.104a 21.81±0.100c 14.99±0.038b 49.27±0.266a 

50% (v/w) of feed 39.99±0.566d 13.25±0.100c 4.15±0.100b 22.08±0.064d 13.57±0.100a 53.48±0.895c 

Note: Different superscript letters in the same column indicate significant differences between treatments 

(P<0.05) at a 95% confidence level. 

Based on the results of the ANOVA, the application of various concentrations of 

liquid bioslurry had a significant effect (P<0.05) on the moisture, ash, fat, protein, crude 

fiber, and NFE contents of fish feed. Table (1) shows that the higher the concentration of 

bioslurry in the fish feed, the higher the moisture, ash, protein, and NFE contents, with 

successive values of 39.99±0.566%, 13.25±0.100%, 22.08±0.064%, and 53.48±0.895%, 

respectively. However, this was not the case for fat, crude fiber, and NFE content. The 

highest fat content was found in the 40ml/ 100g feed treatment, with a value of 

4.53±0.104%, whereas the crude fiber content decreased with increasing bioslurry 
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concentration, with the lowest value in the 50% (v/w) of feed treatment at 13.57±0.100%. 

More specifically, the linear regression of the relationship between the concentration of 

liquid bioslurry in the feed and the change in protein content in the fish feed is presented 

in Fig. (1), while the linear regression of the relationship between the concentration of 

liquid bioslurry in the feed and the change in crude fiber content in the fish feed is shown 

in Fig. (2). 

 
Fig. 1. Linear regression of the relationship between bioslurry concentration (% (v/w) of 

feed) and protein content in fish feed (%) 

The graph in Fig. (1) shows that the increase in the dose of liquid bioslurry added 

to fish feed was directly proportional to the increase in protein content. Linear regression 

analysis revealed a very strong positive relationship between bioslurry concentration and 

protein content, with a coefficient of determination (R²) of 0.987, indicating that 

approximately 98.7% of the variation in protein content can be explained by variations in 

bioslurry concentration. Based on observational data, the protein content increased from 

17.95% at a dose of 20% (v/w) of feed to 19.62% at a dose of 30% (w/v), and reached 

approximately 21–22% at a dose of 40 % (v/w) of feed. At the highest dose (50 % (v/w) 

of feed), the protein content reached a maximum value of 22.08%. 

The linear model showed a consistent upward trend, whereas the quadratic model 

indicated an optimum point, where further increases in dosage tended to result in smaller 

increases in protein. The increase in protein content in feed fermented with liquid 

bioslurry is related to the activity of microorganisms contained in the bioslurry, such as 

lactic acid bacteria and cellulose-degrading bacteria. During the fermentation process, 

these microbes synthesize cell biomass that is rich in protein (microbial protein), which 

contributes to an increase in total protein in the feed material. This is in line with the 

findings of Fachri et al. (2024), who reported that the addition of probiotics or organic 

Y = 15,245+0,147x 
R2 = 0,987 
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fermentation products can improve the nutritional quality of feed through enzymatic 

activity, particularly protease, which enhances the availability of nitrogen and essential 

amino acids (Melo et al., 2020; Zhang et al., 2021). 

This increase was likely influenced by microbial activity in the bioslurry, 

especially Bacillus spp., which are known to produce various hydrolytic enzymes, 

including amylase, protease, and lipase (Kuebutornye et al., 2019; Zaenab et al., 2025). 

The fermentation process can also increase protein availability and improve the amino 

acid profile, as reported by Bernardes et al. (2022), who showed that enzyme 

supplementation (phytase and protease) could enhance the digestibility of proteins and 

amino acids in animal feed ingredients. This confirms that the nutritional quality of feed 

can be improved, whether through fermentation or enzyme addition, making it more 

efficiently utilized by livestock or fish. The use of probiotics in fish feed can increase 

feed utilization efficiency by improving the nutritional value and digestibility (Irshath et 

al., 2023). Thus, the results of this study confirm that liquid bioslurry can be effectively 

used to increase the protein content of fish feed, thereby potentially supporting optimal 

growth, feed efficiency, and fish health in aquaculture. These findings affirm that liquid 

bioslurry can be effectively utilized to boost the protein content of fish feed, thus 

supporting optimal fish growth and health in aquaculture. 

 
 

Fig. 2. Linear regression of the relationship between bioslurry concentration (% (v/w) of 

feed) and crude fiber content in the fish feed (%) 

Fig. (2) shows that the addition of liquid bioslurry affected the crude fiber content 

of the fish feed. The linear model illustrated a downward trend in crude fiber as the 

bioslurry dose increased, whereas the quadratic model showed an initial increase before a 

Y = 16,233-0,040x 
R = 0,836 
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sharp decline in crude fiber content at higher doses. This decrease in crude fiber content 

was caused by the activity of microorganisms in the bioslurry, which produced 

cellulolytic enzymes, thereby degrading fiber components into simpler molecules that 

were more easily digested. This finding is consistent with that of Islam et al. (2019), who 

demonstrated that both probiotic and bioslurry fermentation processes can reduce crude 

fiber content in feed ingredients, thus increasing nutrient availability and digestibility in 

fish (Amoah et al., 2019). 

The graph in Fig. (2) shows a strong negative relationship between bioslurry 

concentration and crude fiber content in fish feed, with an R² value of 0.836, indicating 

that approximately 83.6% of the variation in crude fiber content can be explained by the 

variation in bioslurry concentration. The data in the graph show that the higher the 

concentration of bioslurry, the lower the crude fiber content of the fish feed. Several 

marked data points indicate crude fiber content at certain concentrations, such as 15.72% 

at 20% (v/w) of feed, 15.14% at 30% (v/w) of feed, and 13.57% at 50% (v/w) of feed, 

respectively. These results indicate that liquid bioslurry can reduce the crude fiber content 

in fish feed, which may be beneficial for improving feed digestibility and nutrient 

utilization efficiency in fish. The decrease in crude fiber content occurs due to the 

biodegradation of fiber components (cellulose, hemicellulose, lignin) by microorganisms 

contained in the liquid bioslurry, which also produces several enzymes such as cellulase, 

hemicellulase, and lignase. This process breaks down crude fiber into simpler organic 

compounds, some of which are used as energy sources by microbes, while others 

contribute to the formation of metabolites such as organic acids. Thus, the measurable 

crude fiber content in feed materials decreases as the bioslurry dose increases. This is in 

accordance with Kaur et al. (2018), who reported that digested biogas slurry can produce 

cellulolytic enzymes in the form of cellulose, hemicellulose, and lignin, which are fiber-

degrading enzymes. 

The significant increase in protein and decrease in fiber in the feed with 

increasing concentrations of bioslurry waste occur because the nitrogen content of the 

feed remains constant during the fermentation process, while the microbial metabolism 

consumes carbohydrates during fermentation, leading to a significant increase in protein 

content in the feed (Jiang et al., 2023). This is consistent with the findings of Suardi et 

al. (2023), who reported that the soluble protein content in feed increases with an 

increase in the liquid bioslurry waste concentration in fish feed. 

In contrast, the significant decrease in crude fiber content in the feed concurrently 

with the increase in bioslurry concentration is likely due to the digestion of cellulose by 

microorganisms capable of producing cellulase during the fermentation process (Wang et 

al., 2017; Jiang et al., 2023), as bioslurry contains a diversity of bacteria. These bacteria 

include Bacillus, Psychrobacter, Carnobacterium, Geobacillus, Acetomicrobium, 

Acinetobacter, Nitratireductor, Pseudomonas, Acidovorax, Niastella, Sphingobacterium 

komposti, and Acetomicrobium (Giri et al., 2013; Apriantika et al., 2022). In more 
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detail, the visualization of fluctuations in nutrient content in feed incubated with various 

concentrations of liquid bioslurry waste is presented through a radar chart diagram in Fig. 

(3). 

 

 

 
 

 

 

 

 
Fig. 3. Area chart diagram of nutrient profile in feed based on proximate analysis (ash, 

fat, protein, crude fiber, and NFE) in treatments with the addition of 20, 30, 40, 

and 50 % (v/w) of feed 

 

As shown in Fig. (3), the addition of bioslurry to the feed had varying effects on 

the nutrient composition of the feed, depending on the dose of liquid bioslurry used. 

Based on the graph presented, administering 20% (v/w) of feed resulted in a significant 

increase in fat content, crude fiber, and nitrogen-free extract (NFE). The ash content also 

increased significantly, whereas the protein content did not change. However, at a higher 

dose (30 % (v/w) of feed), a greater increase in protein composition was observed, with 
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the highest protein content found in the 50% (v/w) of feed treatment. However, at doses 

between 30 and 50% (v/w) of feed, there was a decrease in crude fiber content. 

The figure shows the changes in the proximate composition of fish feed after the 

addition of liquid bioslurry at doses of 20, 30, 40, and 50% (v/w) of feed. In general, there 

was a noticeable shift in the nutrient content values, particularly in the protein and fat 

fractions. 

At a dose of 20% (v/w) of feed, the protein and fat contents showed a significant 

initial increase compared to the control, indicating that bioslurry contributes to improving 

the nutritional value of the feed. A more pronounced increase occurred at 30–40% (w/v), 

where the protein content reached its optimum point with a sharper rise, in line with the 

trend of fat, which tended to be stable. This suggests that a moderate dose of bioslurry 

can enhance enzymatic activity, especially of protease and lipase enzymes (Zaenab et al., 

2025), which play a role in breaking down complex substrates into simpler compounds 

that are more easily utilized by the organism. The bacteria contained in bioslurry are 

efficient in improving nutritional quality, such as increasing protein content, which can 

enhance nutrient utilization (Li et al., 2019; Costa et al., 2020). 

However, at the highest dose (50% (w/v)), although the protein content continued 

to increase, the trend indicated a tendency toward decreased effectiveness. This suggests 

the possibility of substrate saturation or the accumulation of metabolites that may inhibit 

optimal nutrient availability (Nikoo et al., 2023). Meanwhile, the ash, crude fiber, and 

nitrogen-free extract (NFE) fractions showed relatively minor fluctuations, indicating that 

bioslurry has a more pronounced effect on protein and fat components than on 

carbohydrates and minerals. Probiotics can improve the nutritional quality of feed, 

primarily through the role of certain microorganisms (Luo et al., 2021) that produce 

enzymes that break down complex compounds into simpler, more digestible forms 

(Wang et al., 2023). The interactions among various types of microorganisms in 

bioslurry indicate that, in general, the inoculation of mixed probiotics is usually more 

effective than single probiotic fermentation (Smid & Lacroix, 2013). 

These results are consistent with previous findings that reported that 

supplementation with probiotics or organic fermentation products in feed can improve 

nutritional quality, enhance digestibility, and modify the chemical profile of feed by 

improving microbial composition and enzymatic activity (Jaziri et al., 2023). Thus, the 

addition of liquid bioslurry can be viewed as a potential approach to improving the 

nutritional value of fish feed, although its use should consider the optimum dosage to 

achieve more effective and sustainable results. 

CONCLUSION 

 

Based on the results of this study, it can be concluded that the use of liquid 

bioslurry waste as an inoculum for commercial fish feed fermentation can significantly 

improve feed nutritional quality. The optimal dosage is 50 % (v/w) of feed, which can 
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increase crude protein content to 22.08 ± 0.064% while reducing crude fiber content to 

13.57 ± 0.100%, thereby improving protein availability and feed digestibility by fish. The 

use of liquid bioslurry in feed also provides economic benefits by reducing dependence 

on expensive high-protein feed ingredients and supports sustainability through the 

utilization of biogas waste. Its potential for large-scale application in aquaculture shows 

that liquid bioslurry is not only practical but also provides original and significant 

scientific contributions to the development of sustainable feed innovations. 
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