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Abstract
With the prohibition of antibiotic growth promoters (AGPs), this study introduces an innovative approach by developing local probiotics derived from Black Soldier Fly (Hermetia illucens) larvae as a sustainable alternative for livestock production systems. This research aimed to determine the effects of molasses concentration and incubation time on the quality of indigenous probiotics produced from BSF larvae. A completely randomized factorial design was employed, consisting of factor A (molasses concentration: A1 = 0%, A2 = 50%, A3 = 100%, v/w, volume of molasses per weight of BSF larvae paste) and factor B (incubation time: B1 = 5 days, B2 = 10 days, B3 = 15 days), with three replications per treatment. Observed parameters included pH, total titratable acidity (TTA), and microbial populations of lactic acid bacteria (LAB), Actinomycetes, Bacillus sp., and yeast. The results revealed a significant interaction (P<0.05) between molasses concentration and incubation time on all measured parameters. Overall, increasing molasses concentration and incubation time decreased pH while increasing TTA and microbial populations. The optimal condition was obtained in treatment A2B2 (50% v/w molasses and 10-day incubation), producing probiotics with a pH of 3.91, TTA of 2.43%, LAB population of 21.17×107CFU/mL, Actinomycetes population of 3.90×107CFU/mL, Bacillus sp. population of 2.83×107CFU/mL, and yeast population of 3.83×107CFU/mL. In conclusion, the combination of 50% v/w molasses and 10-day incubation time enhanced microbial growth and fermentation efficiency, producing a promising indigenous probiotic from BSF larvae.
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Introduction
Global challenges in food security and sustainable livestock production have intensified the need for innovative technologies that are both economically viable and environmentally responsible. Among the key priorities is reducing feed costs, which account for approximately 70% of total livestock production expenses (Amran et al., 2021). This economic burden has driven efforts to develop alternative feed additives that can enhance growth performance while maintaining animal health. Traditionally, antibiotic growth promoters (AGPs) have been widely used to improve feed efficiency and stimulate immune function in livestock (Coniglio et al., 2023; Peng et al., 2024). However, the long-term use of AGPs has raised serious concerns due to the emergence of antibiotic-resistant pathogens and residual contamination in animal-derived food products (Okaiyeto et al., 2013; Bahmid et al., 2025). In response to these concerns, the Indonesian Ministry of Agriculture implemented Regulation No. 14/PERMENTAN/PK.350/5/2017, which officially banned the use of antibiotics as feed additives starting January 2018. This policy shift underscores the urgent need for sustainable and safe alternatives to AGPs in modern livestock systems. Probiotics have gained considerable attention as one of the most promising substitutes. Defined as live microorganisms that confer health benefits to the host when administered in adequate amounts, probiotics help maintain intestinal microbial balance, enhance immune function, and improve feed digestibility (Andriani et al., 2020).
Recent research has highlighted the potential of local biological resources as alternative sources of probiotic microorganisms. The Black Soldier Fly (BSF; Hermetia illucens) larvae represent a novel and sustainable candidate for probiotic development. BSF larvae are known to contain a rich diversity of beneficial microbes and bioactive compounds, including lauric acid and antimicrobial peptides (AMPs), which contribute to their antimicrobial and immunomodulatory properties (Moretta et al., 2020; Fitri et al., 2023). Several microbial species have been isolated from BSF larvae, such as Bacillus sp., Gellulomonas sp., Empedobacter sp., Enterobacter sp., and Microbacterium sp. (Zheng et al., 2013). These microorganisms are known for their potential as natural probiotics with antagonistic effects against pathogens and their ability to enhance the microbial ecology of the gastrointestinal tract. Fermentation is a key biotechnological process for developing functional probiotics, as it promotes microbial growth and metabolic activity. The efficiency of fermentation depends largely on substrate composition and fermentation conditions, particularly the availability of simple carbon sources and the duration of incubation. Molasses, a by-product of the sugar industry, is an inexpensive and nutrient-rich source of fermentable sugars such as sucrose, glucose, and fructose, which can stimulate microbial proliferation (Dewu & Rasmiyana, 2025). Variations in molasses concentration and incubation time influence microbial population dynamics and metabolite production, affecting the physicochemical and microbiological characteristics of the resulting probiotics (Mokhtar et al., 2024; Loo et al., 2025). 
Several studies have explored the use of BSF larvae as a source of probiotics. Fitri et al. (2023) reported that probiotics derived from BSF larvae fermentation were dominated by lactic acid bacteria (LAB), but the study did not provide detailed information on the fermentation method and only stated that the probiotics were produced by PT. Bio Cycle Indo. Similarly, Fassah et al. (2024) isolated BSF larvae as a source of lactic acid bacteria, obtaining 13 LAB isolates identified morphologically. Utary el al. (2024) also reported that BSF larvae juice contains microorganisms, mainly Gram-positive bacteria such as Bacillus and Actinomycetes, which have potential as promising probiotics for broiler chickens. Despite these findings, no previous study has described specific methods for producing probiotics from BSF larvae, including the effects of fermentation parameters such as molasses concentration and incubation time on the quality of the resulting probiotics. Therefore, this study aims to evaluate the combined effect of molasses concentration and incubation time on the pH value, total titratable acidity and microbiological properties (populations of LAB, Bacillus sp., Actinomycetes and yeasts) of indigenous probiotics derived from BSF larvae. It is anticipated that specific combinations of molasses concentration and incubation time will lead to enhanced microbial growth and optimized fermentation characteristics. The outcomes of this study are expected to provide new insights into the development of sustainable, locally sourced probiotic technologies that align with national strategies for animal feed innovation and food security.
Materials and Methods
Location and Duration of the Study
This research was conducted at the Laboratory of Feed Nutrition and Technology and the Animal Production Laboratory, Department of Animal Science, Faculty of Agriculture, Universitas Sumatera Utara. The study was carried out over a period of ten months, from July to October 2025.
Materials 
The equipment used in this study included fermentation bottles, fermentation tubes, BSF larval containers, weighing scales, an autoclave, laminar airflow cabinet, microbiological testing kits, a pH meter and titration apparatus for total acidity. The materials used included Black Soldier Fly (BSF) eggs, tofu dregs as the maggot growth medium, distilled water, reagents for total bacterial count analysis and reagents for total acidity determination.
Experimental Design
A factorial completely randomized design (CRD) was used with two factors: molasses concentration (A) and incubation time (B), each consisting of three levels. Each treatment combination was replicated three times, resulting in a total of 27 experimental units. The treatment factors were as follows:
Factor A: Molasses Concentration
A1= 0% molasses (0mL molasses)
A2= 50% molasses (75mL molasses)
A3= 100% molasses (150mL molasses)
Factor B: Incubation time
B1= 5 days
B2= 10 days
B3= 15 days
Preparation of Indigenous Probiotics from Black Soldier Fly Larvae
The larval growth substrate consisted of tofu dregs pre-fermented with a commercial probiotic starter (Probio-7) for seven days to enhance microbial activity. Black Soldier Fly (BSF) larvae were then reared in bioponds containing the fermented tofu dregs as the primary substrate. The substrate moisture was maintained by daily spraying with distilled water, while manual mixing was performed every two days to prevent heat accumulation in the lower layers that could result in larval mortality. Larvae were harvested on day 18, prior to entering the prepupal stage (Amran et al., 2021). The harvested larvae were separated from the residual substrate, thoroughly rinsed under running water, and air-dried to reduce surface moisture. The cleaned larvae were then homogenized using a chopper until a uniform paste was obtained, which served as the raw material for probiotic fermentation. All fermentation apparatus, including bottles, hoses, and spatulas, were sterilized using an autoclave at 121°C for 15 minutes and subsequently cooled in a laminar airflow cabinet to ensure aseptic conditions. Approximately 150g of homogenized BSF larval paste was placed into each fermentation bottle and mixed with molasses according to the treatment levels (0%, 50%, or 100%), followed by the addition of 150mL of distilled water. The fermentation bottles were sealed to maintain anaerobic conditions and connected via flexible tubing to water-filled airlocks to release excess gas while preventing oxygen infiltration. The mixtures were incubated for 5, 10, or 15 days according to the treatment combinations, after which the samples were harvested and analyzed. The overall procedure is presented schematically in Fig 1.
Measured Parameters
1. pH Measurement
	The pH value of the probiotic samples was measured using a calibrated digital pH meter (AOAC, 2005). The instrument was standardized at pH 4 and 7 before use. The electrode was immersed in the sample until a stable reading was obtained.
2. Total Titratable Acidity (TTA) (%)
	TTA was determined according to AOAC (2005). The supernatant was obtained by centrifuging the probiotic sample, and 10mL of the supernatant was diluted with sterile distilled water (1:10 ratio). The diluted sample was titrated with 0.1N NaOH using phenolphthalein as an indicator until a faint pink color appeared. The TTA value, expressed as a percentage of lactic acid equivalent, was calculated using the formula:


Where:
N = Normality of titrant (mol/L)
V₁ = Volume of titrant (mL)
V₂ = Volume of sample (mL)
Eq.Wt = Equivalent weight of lactic acid (90.08)
3. Microbial Population Count
The total microbial population was determined using the Total Plate Count (TPC) method. Media used for enumeration included Lactic Acid Bacteria (LAB): de Man, Rogosa, and Sharpe Agar (MRSA); Actinomycetes: Starch Casein Agar (SCA); Bacillus sp.: Tryptic Soy Agar (TSA); Yeast: Potato Dextrose Agar (PDA). All tools and media were sterilized using an autoclave at 121°C for 15 minutes. One milliliter of sample was added to 9mL of 0.1% Buffered Peptone Water (BPW) and vortexed for 1 minute to prepare the 10⁻¹ dilution. Serial dilutions were made up to 10⁻⁷. From each dilution, 1mL was poured into sterile Petri dishes (in triplicate) and mixed with molten agar. After solidification, plates were incubated at 37°C for 24 hours in an inverted position. The colony-forming units (CFU/mL) were calculated using the formula:


Data Analysis
Data were analyzed using Analysis of Variance (ANOVA) based on a completely randomized factorial design. When significant differences (P<0.05) were observed, means were further compared using Duncan’s Multiple Range Test (DMRT).

Results 
Effect of Treatments on pH Value and Total Titratable Acidity (TTA) 
The analysis of variance revealed a significant interaction (P<0.05) between molasses concentration and incubation time on both pH and total titratable acidity (TTA) values (Table 1). The results of the Duncan’s Multiple Range Test (DMRT) indicated that the pH value of BSF larval probiotics in treatment A2B2 was not significantly different (P>0.05) from treatments A3B2 and A3B3, but was significantly lower (P<0.05) compared to treatments A3B1, A2B3, A2B1, A1B2, A1B1, and A1B3. Similarly, the DMRT results for total titratable acidity showed that treatment A2B3 was not significantly different (P>0.05) from treatment A3B2, but exhibited a significantly higher TTA value (P<0.05) compared to treatments A3B3, A3B1, A2B2, A2B1, A1B3, A1B2, and A1B1.
Effect of Treatments on Total Lactic Acid Bacteria, Actinomycetes, Bacillus sp. and Yeast 
The analysis of variance revealed a significant interaction (P<0.05) between molasses concentration and incubation time on the total population of lactic acid bacteria, actinomycetes (Table 2), Bacillus sp. and Yeast (Table 3). The results of the Duncan’s Multiple Range Test (DMRT) indicated that the total lactic acid bacteria count in BSF larval probiotics under treatment A3B2 was not significantly different (P>0.05) from treatment A2B2, but was significantly higher (P<0.05) compared to treatments A3B1, A2B3, A3B3, A2B1, A1B2, A1B1, and A1B3. Similarly, the DMRT results showed that the total actinomycetes count in BSF larval probiotics under treatment A2B2 was not significantly different (P>0.05) from treatments A3B2, A2B3, and A3B1, but was significantly higher (P<0.05) compared to treatments A2B1, A3B3, A1B2, A1B3, and A1B1. 
Results of the Duncan’s Multiple Range Test (DMRT) indicated that the total Bacillus sp. count in BSF larval probiotics under treatment A2B2 was not significantly different (P>0.05) from treatment A3B2, but was significantly higher (P<0.05) compared to treatments A3B3, A2B3, A2B1, A3B1, A1B1, A1B2, and A1B3. Similarly, the DMRT results showed that the total yeast count in BSF larval probiotics under treatment A2B2 was not significantly different (P>0.05) from treatment A3B2, but was significantly higher (P<0.05) than treatments A2B3, A2B1, A3B1, A3B3, A1B2, A1B3, and A1B1.

Discussion
Effect of Treatments on pH Value and Total Titratable Acidity (TTA)
The pH value serves as a key indicator of fermentation success, reflecting the metabolic activity of microorganisms, particularly lactic acid bacteria (LAB), in converting substrates into organic acids. The interaction between molasses concentration and incubation time significantly influenced the pH of probiotics derived from Hermetia illucens larvae. Treatment A2B2 (50% molasses, 10 days) yielded the lowest pH (3.91), indicating high LAB activity in utilizing molasses as a carbon source. Molasses, rich in sucrose, glucose, and fructose, provides easily fermentable sugars that enhance lactic acid synthesis through the Embden–Meyerhof pathway. Increasing molasses up to 50% promoted LAB growth, whereas excessive levels (100%) caused osmotic stress that limited enzymatic efficiency (Hawaz et al., 2023; Vidra & Nemeth, 2017). Incubation time also played a crucial role; 10 days represented the optimal phase of active LAB metabolism, while shorter (5 days) or longer (15 days) fermentations resulted in higher pH values due to incomplete acid formation or acid degradation by microorganisms producing alkaline metabolites (Villeger et al., 2017). Treatments without molasses (A1B1–A1B3) showed limited fermentation, with pH above 5.5, due to insufficient fermentable carbon (Muhammad et al., 2021). Thus, the A2B2 condition achieved the best balance between nutrient availability and microbial activity, producing an acidic environment (pH<4.0) favorable for product stability and inhibition of contaminants (Okoye et al., 2025).
Total Titratable Acidity (TTA) further confirmed this pattern. The A2B3 treatment (50% molasses, 15 days) achieved the highest TTA, indicating maximal organic acid production and sustained LAB activity. Higher molasses levels increased available simple sugars, enhancing lactic acid accumulation via glycolysis (Oliveira et al., 2016; Gupta et al., 2023). Extended incubation also supported continued acid synthesis until microbial activity was suppressed by acidity accumulation. Treatments lacking molasses exhibited the lowest TTA (0.71–0.81%), confirming weak fermentation and minimal organic acid formation. A strong inverse correlation between pH and TTA observed in A2B3 and A3B2 indicates that lactic acid accumulation directly drove pH reduction, a hallmark of successful probiotic fermentation. Overall, the A2B2 and A2B3 combinations demonstrated the most effective fermentation conditions for Hermetia illucens larval probiotics. The 50% molasses concentration provided adequate substrate without causing osmotic inhibition, while a 10–15 day incubation period enabled stable acidification and high microbial activity. These findings confirm that optimizing carbon source and fermentation duration is crucial for achieving efficient fermentation, maximal acid production, and improved probiotic quality.
Effect of Treatments on Total Lactic Acid Bacteria, Actinomycetes, Bacillus sp. and Yeast
The increase in the total population of lactic acid bacteria (LAB) indicates the effectiveness of the probiotic fermentation process, as LAB play a major role in organic acid production and pH reduction of the substrate. The treatment A3B2 (100% molasses, 10 days) produced the highest LAB population, demonstrating that the combination of high availability of simple carbon sources and moderate incubation time created optimal conditions for LAB growth. Molasses is rich in sucrose, glucose, and fructose, which serve as primary fermentable substrates (El Asri & Faraq, 2023). During the mid-fermentation phase (days 5–10), LAB enter the exponential growth phase, during which sugar is converted into lactic acid via the homofermentative pathway (Vera et al., 2022). The positive correlation between high LAB counts, total titratable acidity (TTA), and low pH values reflects the dominance of LAB metabolic activity in fermentation dynamics. The A3B2 treatment, which exhibited high TTA (3.37%) and low pH (3.92), reinforces the biological link between lactic acid production and LAB abundance (Peralta et al., 2021; Dudek et al., 2024). However, in treatment A3B3 (100% molasses, 15 days), LAB populations decreased (10.70×10⁷ CFU/mL), which can be attributed to the accumulation of organic acids that create self-inhibition and osmotic stress due to the high sugar concentration (Huang et al., 2021). In contrast, treatments without molasses (A1B1–A1B3) resulted in low LAB populations due to limited energy sources, as BSF larvae primarily contain complex carbohydrates and chitin that are difficult for LAB to degrade (Aminuddin et al., 2023; Pedrazzani et al., 2023). Temporally, the 10-day fermentation (B2) represents the optimal phase for LAB before entering the stationary and decline phases caused by acid accumulation and nutrient depletion. The A3B2 combination reflects a balance between nutrient availability and moderately acidic conditions, yielding a maximal and stable LAB profile.
Consistent with the LAB dynamics, the total Actinomycetes population also showed an optimum pattern in treatment A2B2 (50% molasses, 10 days). This microbial group plays a key role in producing secondary metabolites such as enzymes, natural antibiotics, and antimicrobial compounds that enhance probiotic stability (El-Tarabily & Sivasithamparam, 2021). The fermentation conditions in A2B2 (pH 3.9–4.0; TTA 3.37–3.74%) supported Actinomycetes growth, as moderately acidic environments remain suitable for their activity. In contrast, the treatment with 100% molasses and prolonged incubation (A3B3) reduced their population due to osmotic stress and excessive acidity (Mokhtar et al., 2024). Similar findings were reported by Bhattacharjee et al. (2018), who observed that excessive sugar levels and acid accumulation inhibit Actinomycetes hyphal differentiation. The microbial balance observed in A2B2 and A3B2 indicates a mutualistic interaction between LAB and Actinomycetes. LAB produce lactic acid that stabilizes the microbial ecosystem, while Actinomycetes synthesize bioactive metabolites that suppress pathogens and support microbial balance (Tang et al., 2023; Mebrat, 2024; Okoye et al., 2025). Treatments without molasses (A1B1–A1B3) exhibited weak Actinomycetes growth due to limited carbon availability, consistent with the findings of Shikuku et al. (2023). This pattern confirms that fermentation using 50% molasses for 10 days creates a stable and synergistic microbial system. 
Microbial dynamics consistency was also evident in Bacillus sp. populations. The A2B2 treatment yielded the highest Bacillus count (2.83×10⁷CFU/mL), indicating that 50% molasses and 10 days of fermentation provide optimal carbon availability and acidity balance for Bacillus growth. Bacillus species utilize simple sugars from molasses to produce organic acids and hydrolytic enzymes such as amylases and proteases (Zhang et al., 2023; Li et al., 2023), contributing to the reduction of pH to 3.9–4.0, still within their optimal growth range. The observed correlation between Bacillus sp. increase and higher TTA values suggests their role as secondary lactic acid producers (Xia et al., 2024), supporting the microbiological equilibrium of the fermentation system. The population increase of Bacillus due to molasses supplementation was also reported by Holanda et al. (2025), while the population decline after 15 days of fermentation indicates substrate depletion and acid accumulation that inhibit cell activity. 
The final parameter, total yeast count, followed a similar pattern, with the highest value observed in treatment A2B2 (3.83×10⁷CFU/mL). Molasses serves as a simple carbon source that supports anaerobic yeast fermentation, leading to the production of energy, ethanol, and organic acids (Ali et al., 2023; Kasmiarti et al., 2023). The acidic pH (3.91–4.01) still supports the growth of Saccharomyces cerevisiae and Candida tropicalis (yeast). However, prolonged fermentation (15 days) reduced yeast populations due to the accumulation of ethanol and acetic acid, which are toxic to yeast cells (de Carvalho et al., 2024). Interestingly, the increase in yeast at A2B2 coincided with higher LAB and Bacillus counts, suggesting synergistic interactions, Bacillus produces amino acids and B vitamins that support yeast growth, while yeast produces ethanol and CO₂ that stimulate Bacillus activity (Li et al., 2023; Sehen et al., 2023). This combination enhances total acidity and enriches bioactive metabolite content. Overall, the A2B2 treatment (50% molasses, 10 days) established the most stable fermentation conditions, characterized by high populations of functional microbes (LAB, Bacillus, Actinomycetes, and yeast), low pH, and high TTA. This microbial synergy created a balanced fermentation ecosystem, enhanced enzymatic activity, and improved the physicochemical quality of BSF-based probiotics. These findings reinforce the potential of BSF larvae as an efficient and sustainable substrate for probiotic fermentation. 
Conclusion 
	The combination of 50% molasses concentration and 10 days of incubation (A2B2) provided the most optimal fermentation conditions for the indigenous probiotics derived from Hermetia illucens larvae. This treatment was characterized by a low pH value of 3.91, a high total titratable acidity (TTA) of 2.43%, and the highest populations of functional microorganisms, including lactic acid bacteria (LAB) at 21.17×107CFU/mL, Actinomycetes at 3.90×107CFU/mL, Bacillus sp. at 2.83×107CFU/mL and yeasts at 3.83×107CFU/mL. These quantitative indicators demonstrate that A2B2 consistently outperformed the other treatments. Overall, this formulation represents a promising probiotic candidate that warrants further evaluation for potential use in feed-related applications. 
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Fig 1. Preparation process of probiotic derived from Hermetia illucens (Black Soldier Fly) larvae, illustrating the main stages of homogenization, fermentation, and incubation prior to microbial analysis

	Table 1. Mean values of pH and titratable acidity (%) of indigenous probiotic derived from Black Soldier Fly larvae 

	pH
	Titratable acidity (%)

	Factor A
(Molasses Level)
	Factor B
(Incubation Time)
	Mean
	Factor A
(Molasses Level)
	Factor B
(Incubation Time)
	Mean

	
	B1
	B2
	B3
	
	
	B1
	B2
	B3
	

	A1
	6.05 ± 0.02b
	5.91 ± 0.07c
	6.28 ± 0.11a
	6.08 ± 0.18
	A1
	0.71 ± 0.06d
	0.75 ± 0.06d
	0.81 ± 0.14d
	0.76 ± 0.09

	A2
	4.12 ± 0.08d
	3.91 ± 0.06e
	4.11 ± 0.03d
	4.04 ± 0.11
	A2
	2.41 ± 0.26c
	2.43 ± 0.06c
	3.74 ± 0.08a
	2.86 ± 0.70

	A3
	4.07 ± 0.02d
	3.92 ± 0.03e
	4.01 ± 0.06de
	4.00 ± 0.07
	A3
	2.60 ± 0.20c
	3.37 ± 0.45ab
	3.29 ± 0.16b
	3.09 ± 0.45

	Mean
	4.74 ± 0.98
	4.58 ± 1.00
	4.80 ± 1.11
	
	Mean
	1.91 ± 0.91
	2.18 ± 1.17
	2.61 ± 1.38
	


Note: A1= 0% molasses, A2= 50% molasses, A3= 100% molasses; B1= 5 days of incubation, B2= 10 days of incubation, B3= 15 days of incubation; values are presented as mean ± standard deviation (n=3). Means with different superscript letters within the same row or column differ significantly (P<0.05). A significant interaction (P<0.05) between molasses level (A) and incubation time (B) was observed. Mean values of A and B (± SD) are shown for descriptive purposes only.
	Table 2. Mean total lactic acid bacteria (CFU/ml) and total actinomycetes (CFU/ml) of indigenous probiotic derived from Black Soldier Fly larvae

	Total Lactic Acid Bacteria x 107 (CFU/ml)
	 Total Actinomycetes x 107 (CFU/ml)

	Factor A
(Molasses Level)
	Factor B
(Incubation Time)
	Mean
	Factor A
(Molasses Level)
	Factor B
(Incubation Time)
	Mean

	
	B1
	B2
	B3
	
	
	B1
	B2
	B3
	

	A1
	2.60 ± 0.40ef
	3.13 ± 0.85e
	0.60 ± 0.50f
	2.11 ± 1.27
	A1
	0.87 ± 0.65d
	1.27 ± 0.25bcd
	1.20 ± 0.75cd
	1.11 ± 0.55

	A2
	6.13 ± 1.85d
	21.17 ± 1.67a
	12.57 ± 2.10bc
	13.29 ± 6.73
	A2
	2.13 ± 0.06b
	3.90 ± 0.35a
	3.10 ± 0.40a
	3.04 ± 0.81

	A3
	13.83 ± 1.44b
	21.80 ± 0.62a
	10.70 ± 0.61dc
	15.44 ± 5.03
	A3
	3.07 ± 0.25a
	3.73 ± 0.38a
	1.97 ± 0.85bc
	2.92 ± 0.91

	Mean
	7.52 ± 5.11
	15.37 ± 9.23
	7.96 ± 5.69
	
	Mean
	2.02 ± 1.02
	2.97 ± 1.31
	2.09 ± 1.02
	


Note: A1= 0% molasses, A2= 50% molasses, A3= 100% molasses; B1= 5 days of incubation, B2= 10 days of incubation, B3= 15 days of incubation; values are presented as mean ± standard deviation (n=3). Means with different superscript letters within the same row or column differ significantly (P<0.05). A significant interaction (P<0.05) between molasses level (A) and incubation time (B) was observed. Mean values of A and B (± SD) are shown for descriptive purposes only.

	Table 3. Mean total Bacillus sp. (CFU/ml) and total yeast (CFU/ml) of indigenous probiotic derived from Black Soldier Fly larvae

	Total Bacillus sp. x 107 (CFU/ml)
	 Total Yeast x 107 (CFU/ml)

	Factor A
(Molasses Level)
	Factor B
(Incubation Time)
	Mean
	Factor A
(Molasses Level)
	Factor B
(Incubation Time)
	Mean

	
	B1
	B2
	B3
	
	
	B1
	B2
	B3
	

	A1
	0.40 ± 0.10cd
	0.33 ± 0.15cd
	0.17 ± 0.06d
	0.30 ± 0.14
	A1
	0.17 ± 0.06c
	0.30 ± 0.20c
	0.20 ± 0.10c
	0.22 ± 0.13

	A2
	1.90 ± 0.60ab
	2.83 ± 0.47a
	1.23 ± 0.45bc
	1.99 ± 0.83
	A2
	1.43 ± 1.06b
	3.83 ± 0.58a
	1.47 ± 0.25b
	2.24 ± 1.34

	A3
	0.57 ± 0.35cd
	2.73 ± 1.10a
	1.73 ± 0.51b
	1.68 ± 1.13
	A3
	1.30 ± 0.53b
	3.30 ± 0.72a
	1.00 ± 0.17bc
	1.87 ± 1.17

	Mean
	0.96 ± 0.79
	1.97 ± 1.37
	1.04 ± 0.77
	
	Mean
	0.97 ± 0.85
	2.48 ± 1.72
	0.89 ± 0.58
	


Note: A1= 0% molasses, A2= 50% molasses, A3= 100% molasses; B1= 5 days of incubation, B2= 10 days of incubation, B3= 15 days of incubation; values are presented as mean ± standard deviation (n=3). Means with different superscript letters within the same row or column differ significantly (P<0.05). A significant interaction (P<0.05) between molasses level (A) and incubation time (B) was observed. Mean values of A and B (± SD) are shown for descriptive purposes only. 
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