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Abstract. 
 
Kabuto is a traditional fermented food from Muna, Indonesia, produced by the 
solid-state fermentation of cassava roots. This process involves coating the cassava 
with naturally occurring fungal colonies. This study aimed to investigate the 
fermentation of cassava roots using defined Aspergillus spp. strains to enhance its 
nutritional profile, with a specific focus on reducing cyanogenic compounds. 

Cassava samples were subjected to solid-state fermentation by various Aspergillus 
spp. isolates for six days at approximately 28°C. The resulting products were 
analyzed for moisture content (%), total protein (mg), and cyanide detoxification 
(µg g⁻¹). Isolates K03, K23, K1c, and K31 demonstrated significant antimicrobial 
activity and produced hydrolytic enzymes, including amylase and cellulase. These 
same isolates also effectively inhibited the growth of Staphylococcus aureus ATCC 
25923 and Escherichia coli ATCC 35218. Based on phenotypic characterization, 
isolates K03, K23, and K1c were identified as Aspergillus niger, while isolate K31 

was identified as Aspergillus terreus. A notable reduction in the moisture content of 
Kabuto commenced on the fourth day of fermentation. Upon completion, isolates 
K03, K23, K31, and K1c yielded final moisture contents of 7.1%, 6.74%, 8.69%, and 
7.07%, respectively. The highest protein content was achieved through fermentation 
with Aspergillus terreus K31, which yielded 346 mg of protein and concurrently 
reduced the cyanide concentration to 0.48 µg g⁻¹. The optimal duration for Kabuto 
fermentation was determined to be six days. In conclusion, this study demonstrates 
that controlled fermentation using specific Aspergillus strains, particularly A. 
terreus K31, significantly improves the nutritional quality and safety of Kabuto by 

enhancing its protein content and effectively detoxifying cyanide. 
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I.  INTRODUCTION 

Kabuto is an indigenous fermented food from the Muna community of Southeast Sulawesi, 

Indonesia, produced by the spontaneous fermentation of cassava tubers (Manihot esculenta Crantz) and 

consumed as a staple accompaniment. This traditional product is characterized by dried cassava roots that 

undergo fermentation until becoming fully enveloped in fungal colonies. During this process, the 

proliferating fungi assimilate the root's nutrients, leading to significant modifications in the product's texture 

and nutritional profile [1]. Cassava is notably rich in carbohydrates but inherently deficient in proteins and 

lipids. On a dry matter basis, its carbohydrate content ranges from 70 to 82%, comprised predominantly of 

starch with varying ratios of amylopectin and amylose [2,3]. A major concern, however, is the tuber's content 

of anti-nutritional compounds, specifically cyanogenic glycosides which release hydrogen cyanide (HCN). 

Reported concentrations can reach 1090–1550 mg HCN/kg, levels that pose a significant risk to human 

health [4,5].  
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Chronic dietary exposure to high cyanogen levels can cause 'konzo', a permanent upper motor neuron 

disease. Populations reliant on cassava-based diets, particularly children and the elderly, are therefore at 

heightened risk of cyanide poisoning and require monitoring [6].  The fermentation process in kabuto 

production is initiated by ambient atmospheric inoculum. The abundant carbohydrates in cassava serve as the 

primary nutrient source for the growth of these indigenous fungi. A key objective of this bioprocess is to 

enhance the functionality and beneficial properties of the final fermented product [7,8]. In related fermented 

cassava foods, applied fungal inoculants frequently belong to the genus Aspergillus, with species such as A. 

fumigatus, A. niger, A. oryzae, and A. terreus being commonly reported [9-12]. This study aimed to isolate 

and identify the indigenous fungi, with a focus on Aspergillus species, responsible for the spontaneous 

fermentation of kabuto. Selected fungal strains will subsequently be applied as a defined starter culture to 

standardize the fermentation process and evaluate the efficacy of these strains in reducing the cassava's 

cyanide content. 

 

II.  METHODS  

Sampling Procedures 

Kabuto is made by locals of Southeast Sulawesi, Indonesia. The process of Kabuto begins with the 

natural drying of sunlight around the community housing. Natural fermentation was carried out after the 

cassava roots dried (Fig. 1A). Fermentation occurred in sacks for 9 days until the cassava roots were 

colonized by the mold (Fig. 1B). The temperature of fermentation was recorded at 28 °C, and the humidity at 

61%. These environmental factors are highly determining the presence of microorganisms, especially the 

colony of mold that needs a moist environment.  

 
Fig 1. Kabuto, the traditional fermented food of Munanese, Southeast Sulawesi:  A) Schemmatic diagram on 

the process of preparing kabuto; B) Appearance of final product of fermented cassava, kabuto. 
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Isolation and Enumeration of Fungal Colonies 

Fungal isolation was performed using the pour plate method with a Potato Dextrose Agar (PDA) 

medium. A 10-gram sample of Kabuto powder was added to a dilution bottle containing 90 mL of sterile 

distilled water and suspended until a homogeneous mixture was achieved. Subsequently, a 1 mL aliquot of 

this suspension was transferred to the first dilution bottle containing 9 mL of sterile distilled water, yielding a 

10-2 dilution. This serial dilution was repeated to achieve a final dilution of 10-7. Aliquots of 1 mL from the 

10-5, 10-6, and 10-7 dilutions were then pipetted into separate, empty Petri dishes. Molten PDA medium, 

cooled to approximately 45°C, was then poured into the plates. To ensure an even distribution of fungal 

cells, the plates were gently swirled in a figure-eight motion on the bench surface. After the agar solidified, 

the plates were incubated in an inverted position at ambient temperature for 24-48 hours. The resulting 

fungal colonies were enumerated, and the microbial load was calculated as colony-forming units per gram 

(CFU/g) using the standard plate count formula: CFU/g = (Number of colonies) × (1 / Dilution Factor). 

Individual mold colonies were purified using the point inoculation method on PDA slants and incubated at 

26–28 °C for 24–48 hours. To prepare pure stock cultures, these purified isolates were similarly transferred 

to PDA slants via point inoculation, incubated under the same conditions, and then stored in a refrigerator. 

Antibacterial Test 

The bacterial strains, Staphylococcus aureus ATCC 25923 and Escherichia coli ATCC 35218 were 

acquired from the Food and Nutrition Culture Collection (FNCC) at Gajah Mada University. For the assays, 

1 mL of each pure bacterial isolate was transferred into 5 mL of nutrient broth. The cultures were adjusted to 

a cell density of 10⁸ CFU/mL, standardized according to the McFarland turbidity standard [13], and 

incubated at 37 °C for 24 hours. The antibacterial activity of the Aspergillus isolates was evaluated using the 

well diffusion assay. The base layer, consisting of penassay base agar, was poured into Petri dishes and 

allowed to solidify. A sterile spacer was placed aseptically on the solidified base. Subsequently, a soft agar 

medium seeded with 1 mL of the test bacterial suspension was poured over it. After the overlay solidified, 

the spacer was removed, creating uniform wells in the medium. A 50 µL aliquot of the mold supernatant was 

dispensed into each well. Distilled water and penicillin were used as negative and positive controls, 

respectively, to benchmark the clear zones produced by the mold isolates. The plates were refrigerated for 60 

minutes to facilitate the diffusion of antimicrobial compounds into the medium, followed by incubation at 37 

°C for 24 hours. The formation of a clear zone around a well indicated the presence of antibacterial 

substances. 

Amylolytic and Cellulolytic Activity 

Amylolytic activity was assessed on a starch minimum medium, while cellulolytic activity was 

tested on a cellulose agar medium. The starch minimum medium was prepared by dissolving 2 g of PDA and 

0.3 g of soluble starch in 100 mL of distilled water. The mixture was heated on a hot plate with a magnetic 

stirrer until homogeneous and then sterilized by autoclaving. The cellulose agar medium was composed of 

the following: 0.2 g yeast extract, 0.1 g KH₂PO₄, 0.5 g MgSO₄, 0.5 g carboxymethyl cellulose (CMC), and 2 

g agar [14]. These components were dissolved in 100 mL of distilled water, heated with constant stirring 

using a magnetic stirrer to achieve a homogeneous solution, and subsequently sterilized by autoclaving. 

Following sterilization and cooling to approximately 45-50°C, the media were poured aseptically into sterile 

Petri dishes and allowed to solidify. Fungal colonies from pure, actively-growing cultures were then spot-

inoculated onto the center of the respective agar plates. After the incubation periode, the plates were 

developed to visualize enzymatic activity. The starch agar plates were flooded with Gram's iodine solution. 

A clear, colorless zone (halo) surrounding the fungal colony against a dark blue background of the starch-

iodine complex indicated the hydrolysis of starch. The cellulose agar plates were flooded with an aqueous 

1% (w/v) Congo Red solution for 15-20 minutes. The dye was then poured off, and the plates were destained 

with 1 M NaCl for another 15-20 minutes. A clear zone around the fungal growth against a red background 

indicated the degradation of carboxymethyl cellulose. 
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Characterization of Fungal Isolates 

The characterization of fungal isolates was conducted after the initial selection of promising strains 

based on their antimicrobial activity and hydrolytic enzyme production. The Kabuto isolate was 

characterized by its hyphal morphology, the characteristics of its sexual and asexual spores (including shape 

and color), rhizoid formation, and sporangiophore structure. Macroscopic colony observation involved 

assessing color, surface topography, margin morphology, texture, the presence of exudate droplets, 

sporulation patterns, zonation, radial furrowing, growth density, and the appearance of the reverse side. 

Microscopic morphological analysis included the identification of sexual and asexual spores, their type, 

morphology, and dimensions; the structure of the respective spore-producing bodies; hyphal type, 

pigmentation, and width; along with other distinctive features. 

Fungal Inoculation and Kabuto Fermentation 

A modified Potato Dextrose Broth (PDB) was used as an inoculum medium for subsequent 

inoculation onto cassava roots. The modified PDB medium was composed of 13.25 g cassava flour, 13.25 g 

commercial PDB powder, and 1000 mL distilled water. The medium was prepared by mixing the cassava 

flour and PDB powder, followed by heating and homogenization using a magnetic stirrer. The modified 

medium was then sterilized by autoclaving. A 96-hour-old fungal culture grown on modified Potato Dextrose 

Agar (PDA) was suspended in 4 mL of the modified PDB within a test tube. Spores from this suspension 

were then aseptically transferred to a slant of PDA using an inoculation loop and subsequently incubated in a 

100 mL Erlenmeyer flask. A 10 mL aliquot of this fungal isolate from the Erlenmeyer flask was transferred 

into a sterile glass bottle (385 x 290 x 40 mm). The spore concentration was determined using a 

hemocytometer to standardize the inoculum to a density of 10⁶ spores/mL [15]. Ten mL of inoculum 

solution, was aseptically inoculated onto sterilized cassava tubers. The inoculum was mixed thoroughly to 

ensure even distribution across the substrate. The inoculated cassava was then fermented in an incubation 

room maintained at approximately 28°C. Fermentation was carried out for six days in small plastic jars 

covered with sterile fabric to allow for aeration. Samples were analyzed at 48-hour intervals, starting from 

day 0. 

Determination of Water Content  

The water content of the Kabuto samples was monitored throughout the fermentation process to 

track moisture loss. The analysis was performed by weighing approximately 1 g of sample (initial weight), 

drying it in an oven at 105 °C for 4 hours, and then re-weighing the sample (final weight). The percentage 

water content was calculated: % Water Content = [(Initial Weight - Final Weight) / Initial Weight] × 100%. 

  Determination of Total Protein 

  The Biuret reagent was prepared by dissolving 3 g of CuSO4·5H2O and 9 g of sodium potassium 

tartrate in 500 mL of 0.2 N NaOH. Subsequently, 5 g of potassium iodide (KI) was added, and the solution 

was diluted to a final volume of 1000 mL with 0.2 N NaOH. A standard curve was constructed using Bovine 

Serum Albumin (BSA) with a concentration of 5 mg/mL. Aliquots of the BSA standard solution (0, 0.1, 0.2, 

0.4, 0.6, 0.8, and 1.0 mL) were pipetted into test tubes. Distilled water was added to each tube to bring the 

total volume to 4 mL. Then, 6 mL of Biuret reagent was added to each tube. The tubes were incubated at 

37 °C for 10 minutes, and the absorbance was measured at 645 nm using a UV-Vis spectrophotometer. Two 

grams sample of fermented cassava flour was suspended in 10 mL of distilled water. The suspension was 

centrifuged at 3000 rpm for 10 minutes to precipitate denatured proteins. The supernatant was decanted and 

discarded. The resulting pellet was resuspended in 4 mL of distilled water, and 6 mL of Biuret reagent was 

added. The alkaline reagent dissolved the residual protein precipitate, and the solution was homogenized 

using a vortex mixer. The absorbance of the sample solution was measured at 645 nm. The protein 

concentration was calculated based on the regression equation (Y = ax + b, where Y is absorbance and x is 

protein concentration) derived from the standard curve. 

  Quantification of Cyanide (HCN) using Argentometric Titration 

  A 10 g sample of Kabuto powder was mixed with 100 mL of distilled water in a Kjeldahl flask and 

macerated for 2 hours. An additional 100 mL of distilled water was added, and the mixture was subjected to 

steam distillation. The distillate was collected in an Erlenmeyer flask containing 20 mL of 2.5% (w/v) 
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sodium hydroxide (NaOH) solution. Distillation was halted once 100 mL of distillate had been collected. 

The distillate was then treated with 8 mL of ammonium hydroxide (NH₄OH) and 5 mL of 5% (w/v) 

potassium iodide (KI) solution. This mixture was titrated with a standardized 0.02 N silver nitrate (AgNO₃) 

solution until the first appearance of persistent turbidity, indicating the formation of a silver cyanide complex 

and a white silver iodide precipitate. The volume of AgNO₃ titrant consumed was used to calculate the 

cyanide acid content according to the stoichiometry of the reaction as follows: 

𝐻𝐶𝑁 =
𝑉𝑜𝑙𝑢𝑚𝑒  𝑚𝐿  𝑜𝑓 𝐴𝑔𝑁𝑂3 × 0.01 𝑁 𝐴𝑔𝑁𝑂3 × 54

100
× 1000 𝑚𝑔/𝑘𝑔 

 
   Extraction, qualitative and quantitative analysis of fungal genomic DNA 

 DNA isolation from fungal isolates was performed by first growing the isolated fungi in sterilized 

PDB containing ampicillin (30mg/L), and incubation was done in a shaking incubator at 150rpm, 30 oC for 5 

days. For five days, 1100 mg of mycelia were frozen in liquid nitrogen and crushed to a fine powder using a 

mortar and pestle in order to expose the content of the nucleus, facilitate the DNA extraction process, and 

were put in 1.5 mL microcentrifuge tubes. The DNA extraction was conducted using Geneaid plant DNA 

extraction kits as per the manufacturer's protocol. The quality and quantity of isolated genomic DNA were 

analyzed for DNA size and purity, as well as to check the success of DNA isolation. The analysis of genomic 

DNA was performed using a Biophotometer (Thomas Scientific USA) at a 260/280 ratio of DNA 

concentration measured. The quality and quantity of DNA were also analyzed using 0.8% (w/v) Agarose gel 

electrophoresis; the formed bands were visualized using a gel documentation system, and the visualized 

bands were documented. 

Polymerase chain reaction (PCR) amplification of the ITS regions and sequencing 

The fungal ITS2 gene sequence from the total fungal community and genomic DNA was amplified 

using the ITS2 primers (ITS86F – GTGAATCATCGAATCTTTGAA and ITS4 – 

TCCTCCGCTTATTGATATGC). Amplification of ITS regions was performed using My Taq HS red mix 

(Bioline, Germany) using Verity 96-well Thermal cycler (Thermo Fisher Scientific, USA). The reaction was 

performed in 50µl reaction mixtures, which contained 25µl PCR mix (Bioline, Germany), 2.5µl DNA 

sample, 2.25 µl of each primer, and it was made to 50µl by adding 17.5µl of ddH2O. PCR was carried out at 

an initial denaturation step at 94°C for 2 min, followed by 30 cycles at 94°C for 30 sec, 45°C for 30 sec, and 

72°C for 2 min, and a final extension step at 72°C for 5 min. The obtained PCR products were subjected to 

agarose gel electrophoresis (Bio-Rad) at 85V for 60 minutes using 1.5% (W/V) agarose gel electrophoresis 

in 1x TAE (TrisAcetate-EDTA) buffer. The forming bands were stained using Ethidium bromide (EtBr) for 

15 minutes and were washed in distilled water for 10 minutes. The formed DNA bands were visualized using 

a gel documentation system and were recorded. The obtained PCR products were sequenced both in forward 

and reverse directions at a 1st base Laboratory in Singapore. 

  Data analysis 

The data for each treatment were subjected to a two-factorial analysis of variance (ANOVA). This 

model was employed to evaluate the effects of the two independent variables and their interaction. For 

parameters where the treatment demonstrated a significant effect (indicated by an F-statistic exceeding the 

critical F-value), the analysis was followed by Duncan's Multiple Range Test. This post-hoc test was applied 

to discern specific differences between treatment means at a 95% confidence level (α = 0.05). All statistical 

computations were performed using SAS software (Statistical Analysis System).  

 

III.  RESULT AND DISCUSSION 

Extrinsic and Intrinsic Characteristics of Spontaneous Kabuto Fermentation 

  Measurements of key environmental parameters, i.e. temperature, humidity, and moisture content at 

the source, demonstrated that the fermentation process significantly altered the conditions within the Kabuto 

(Fig. 2). The correlations between these parameters and mold growth over the 9-day fermentation period are 

detailed in Table 1. Table 1 presents the correlation matrix for the measured characteristics of Kabuto: 

internal temperature (TK), ambient temperature (T), internal humidity (RHK), ambient humidity (RH), 
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moisture content (ω), and total fungal count (TFC) as a measure of mold growth. A correlation coefficient 

approaching +1 indicates a strong positive relationship, while a value approaching -1 signifies a strong 

negative (inverse) relationship. The analysis revealed a strong positive correlation (r = 0.754) between the 

internal temperature of the Kabuto (TK) and mold growth (TFC). However, the only statistically significant 

correlation (*) was the strong negative relationship between ambient temperature and the internal humidity 

of the Kabuto (r = -0.998). 

 
Fig 2. Characteristics of kabuto within 9-days of the fermentation period 

Table 1. Correlation (r) among extrinsic and intrinsic characteristics of kabuto 

Parameters TK (°C) T (°C) RHK (%) RH (%) ω (%) TFC (CFU·g⁻¹) 

TK (°C) 1 0.636 −0.669 −0.332 −0.731 0.754 

T (°C) 0.636 1 −0.977* 0.902 0.034 0.015 

RHK (%) −0.669 −0.977* 1 0.800 0.072 −0.129 

RH (%) −0.332 0.902 0.800 1 −0.401 0.367 

ω (%) −0.731 0.034 0.072 −0.401 1 −0.998* 

TFC (CFU·g⁻¹) 0.754 0.015 −0.129 0.367 −0.998* 1 

Values represent Pearson's correlation coefficient (r). * denotes a statistically significant correlation (P < 

0.05). TFC: Total Fungal Count. 

Antibacterial and Enzymatic Activity of Fungal Isolates from Kabuto  

  Eleven fungal isolates from kabuto were evaluated for antibacterial activity and the production of 

hydrolytic enzymes. As summarized in Table 2, seven isolates showed antibacterial activity 

against Staphylococcus aureus ATCC 25923, while all eleven isolates were active against Escherichia 

coli ATCC 35218. Furthermore, four isolates (K03, K23, K31, and K1c) demonstrated the ability to produce 

both amylase and cellulase. This enzymatic activity was confirmed by the formation of a clear hydrolysis 

zone around the fungal colonies following a four-day incubation period (Fig. 3). The high carbohydrate 

content of the kabuto substrate likely facilitated the induction of these substrate-specific enzymes in the mold 

isolates. 
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Table 2. Antibacterial and enzymatic profiles of kabuto-associated fungal isolates  

Isolate 
Inhibition zone (Staphylococcus 

aureus ATCC 25923) 

Inhibition zone (Escherichia 

coli ATCC 35218) 

Amylase 

(clear zone) 

Cellulase 

(clear zone) 

K01 + + – – 

K32 + + – – 

K21 + + – – 

Ksr2 – + – – 

K51 – + – – 

K04 – + – – 

K03 + + + + 

K23 + + + + 

K31 + + + + 

K1c + + + + 

K1d – + – – 

 

 
Fig 3. Extracellular cellulase by K1c and amylase by K23 as visualized using plate-based assays.  

Note: a) Fungal colonies, b) Clear zones indicating positive activities 

Morphological Characteristics of Fungal Isolates 

  The morphological characteristics of the four fungal isolates were assessed through both 

macroscopic and microscopic examination. Macroscopic evaluation was conducted on colonies grown on 

PDA, focusing on traits such as surface and reverse coloration, sporulation, presence of radial furrows, and 

distinct growth zones. Microscopic analysis, performed using the slide culture technique, identified key 

features including asexual spore morphology, rhizoid development, whether the hyphae were septate or 

aseptate, and mycelial pigmentation. The consolidated morphological profiles of the four isolates, based on 

these PDA culture observations, are presented in Table 3 and Fig. 4. 

Table 3. Morphological characteristics of Aspergillus spp. isolated from kabuto 

 

  Characteristics 

Fungal Isolates 

 
K03 K23 K1c K31 

 

 Color (surface) Black Black Black Brown 

 Color (reverse) White White Yellow Brown 

 Texture (colony)     

 Spore color Black Black Black Brown 

 Concentric ring (+/-) + + + + 

 Radial line (+/-) - - + - 

 Rhizoid cell (+/-) + + + + 
 Conidiospore (+/-) + + + + 

 Hyphae     

 Septate + + + + 

 Color Hyaline Hyaline Hyaline Hyaline 

 Conidiophore     
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 Texture Smooth Smooth Smooth Smooth 
 Length Long Short Long Long 

 Vesicle (+/-) + + + + 

 Phialide(s) Biserriate Biserriate Biserriate Biserriate 

 
Fig 4. Colony images of Aspergillus spp. isolated from kabuto showing surface (a) and reverse colony (b) 

Identification of Fungal Isolates based on ITS-rDNA Sequence 

The three isolates obtained in this study were identified as Aspergillus niger, while the fourth was 

identified as Aspergillus terreus. Figure 5 presents a maximum likelihood phylogenetic tree, illustrating the 

evolutionary relationships among the studied isolates and reference strains. The isolates from this work 

(denoted K03, K23, K1c, and K31) form distinct clades. Although they share relatively high similarity with 

known sequences, the phylogenetic analysis reveals that they are not closely related to strains currently 

deposited in GenBank, as indicated by a degree of homology of less than 99% with the reference strains [16]. 

Growth Profiles of Selected Fungal Isolates for Experimental Kabuto 

Mold growth was quantified by enumerating colonies on Potato Dextrose Agar (PDA) using the cup 

count method. Figure 6 illustrates the correlation between fungal proliferation and the moisture content 

of kabuto for each treatment throughout the fermentation period. The data indicate a direct relationship 

between fermentation duration and mold biomass. Conversely, the water content exhibited a declining trend. 

This reduction in moisture commenced on the fourth day post-inoculation. After four days of fermentation, 

the final water content values for the respective isolates were as follows: K03 (7.1%), K23 (6.74%), K31 

(8.69%), and K1C (7.07%). 

 
Fig 5. The maximum likelihood phylogenetic tree of the sequenced isolates and other reference strains 

retrieved from GenBank (*strains ending with K03, K23, K1c and K31 are isolates from the present study) 
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Fig 6. Characteristics of experimental kabuto based on the high correlation  

between log TFC and water content. 

  Protein Content of Experimental Kabuto 

  The analysis revealed that both the application of the four fungal isolates and the fermentation 

duration significantly affected the protein content of Kabuto compared to the untreated control (Fig. 7). A 

significant interaction was observed, with the K31 isolate producing the highest protein concentration on the 

sixth day of fermentation. These changes in protein content were correlated with fungal growth, indicating a 

positive contribution of the molds to the protein enrichment of the substrate. Fermentation with the fungal 

isolates led to a substantial increase in protein levels beginning on the fourth day. The K03 and K23 isolates 

increased protein content by 187 mg and 182 mg, respectively. In contrast, isolates K1c and K31 

demonstrated a more pronounced effect, elevating protein levels by 226 mg and 208 mg over the same 

period. By the sixth day, all isolates had further increased the protein content, with the K31 treatment 

yielding the most substantial increase of 346 mg.  

 
Fig 7. Profile of total protein in kabuto fermented by fungal isolates analyzed using ANOVA test. Bars that 

share the same letters are not significantly different (Tukey test, P< 0.05) within a similar time period. 
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  Cyanide (HCN) Content in Experimental Kabuto 

  Cassava tubers undergo processing prior to consumption to reduce toxicity, particularly through the 

detoxification of cyanogenic compounds such as hydrogen cyanide (HCN). The HCN levels in Kabuto were 

measured to evaluate the efficacy of the fungal isolates in degrading these compounds during fermentation. 

Fig. 8 shows that the results of the Kabuto fermentation using isolate K03 experienced a decrease in HCN 

levels on the fourth day, namely 17.88 g.g-1,and on the sixth day was only 0.97 g.g-1. Additionally, the results 

of Kabuto fermentation using K23 isolate decreased HCN levels on the fourth day from 7.56 g.g-1 to 0.48 

g.g-1 on the sixth day. Kabuto fermentation using K31 isolate also decreased HCN levels on the fourth day, 

namely 6.48 g.g-1, and on the sixth day, HCN levels decreased to 0.97 g.g-1. Kabuto fermentation using K1c 

isolate undertook a reduction of HCN levels on the fourth day(7.02 mg/kg) and on the sixth day (0.54 g.g-1). 

 
Fig 8. Profile of cyanide detoxification in kabuto fermented by fungal isolates analyzed using ANOVA 

 test. Bars that share the same letters are not significantly different (Tukey test, P< 0.05)  

within a similar time period 

 

Discussion 

  Research on kabuto, a traditional food from Southeast Sulawesi, remains limited. This study 

provides preliminary data on the application of Aspergillus spp. molds to reduce cyanide content in Kabuto. 

We also report complementary data on antimicrobial activity, hydrolytic enzyme production (amylase and 

cellulase), microbial growth, and protein content during fermentation. The investigation utilized both locally 

produced Kabuto and laboratory-prepared samples. Abiotic parameters were monitored as supporting factors 

for mold growth during a nine-day natural fermentation process conducted by local producers. The data 

indicate that fermentation altered the temperature, humidity, and moisture content of the kabuto substrate. At 

a 95% confidence level, ambient temperature showed a positive but statistically insignificant correlation with 

kabuto temperature. Conversely, the humidity of the kabuto, ambient humidity, and substrate moisture 

content were negatively, though not significantly, correlated with kabuto temperature. Overall, these four 

parameters did not exert a significant influence on temperature fluctuations within the substrate. However, 

kabuto temperature exhibited a strong, near-significant correlation (r ≈ 0.754) with total fungal count (TFC), 

as detailed in Table 1.Recorded fermentation temperatures ranged from 25–30°C (data not shown), which 

falls within the optimal range for mold growth. A logarithmic growth phase was observed commencing on 

the fourth day (Fig. 2). Ambient temperature demonstrated a significant effect on Kabuto humidity, 

indicating that higher fermentation temperatures corresponded with lower substrate moisture levels (Table 

1). A significant negative correlation was also observed between substrate moisture content and TFC, 

meaning that higher moisture levels were associated with suppressed mold growth.  
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  Natural (Spontaneous) kabuto fermentation induced a transition in water content; the substrate 

moisture decreased progressively with extended fermentation time (Fig. 2). This phenomenon aligns with the 

fermentation of cassava flour, where moisture content is reduced. Fermentation exceeding 24 hours typically 

elevates temperature due to microbial metabolic activity [17]. The concomitant decrease in water content is 

attributed to hydrolysis, a chemical reaction that cleaves water molecules (H₂O) into hydrogen cations (H⁺) 

and hydroxide anions (OH⁻). This process is driven by starch-degrading enzymes secreted by 

microorganisms. The increasing enzymatic activity over time efficiently degrades the starch present in 

Kabuto. Starch degradation releases bound water, resulting in a softer, more porous texture and facilitating 

evaporation during subsequent drying. Mold isolates, distinguished by morphological differences, were 

screened for antimicrobial activity against Staphylococcus aureus ATCC 25923 and Escherichia coli ATCC 

35218, as well as for hydrolytic enzyme production (amylase, cellulase), to assess their potential for 

improving Kabuto quality. Of the 11 isolates tested, four (K03, K23, K1c, and K31) exhibited both 

antimicrobial properties and positive hydrolytic enzyme activity (Table 1). Generally, antimicrobial 

compounds function by disrupting cell wall synthesis, compromising membrane integrity, leading to 

increased permeability, inactivating essential enzymes, or damaging genetic material [18,19].  

  Isolates K03, K23, K1c, and K31 produced antimicrobial compounds capable of inhibiting the 

transpeptidase enzyme. This inhibition disrupts the cross-linking of peptidoglycan in the final stage of cell 

wall synthesis in both Gram-positive and Gram-negative bacteria, resulting in cell lysis [18]. Furthermore, 

these four isolates potentially produce antimicrobial peptides (AMPs). AMPs are oligopeptides comprising a 

variable number of amino acid chains (from five to over a hundred) [20] and have been historically classified 

under various mechanisms, including cationic host defense peptides [21], anionic antimicrobial 

peptides/proteins [22], cationic amphipathic peptides [23], and host defense peptides [25].Amylolytic testing 

of isolates K03, K1c, K23, and K31 revealed clear zones around the colonies, confirming their ability to 

produce extracellular amylase enzymes. These enzymes hydrolyze starch into simpler reducing sugars that 

cannot complex with iodine [18]. The same isolates also demonstrated cellulolytic activity, evidenced by 

clear zones on carboxymethyl cellulose (CMC) agar after Congo red staining and NaCl washing. These 

zones indicate that the isolates consumed the cellulose in the media for growth [27]. The starch and cellulose 

degradation capabilities of K03, K1c, K23, and K31 are inherent traits likely influenced by their original 

environment. Cassava roots, being carbohydrate-rich, select for microorganisms that produce amylase and 

cellulase to utilize these carbohydrates for growth. Macroscopic morphological analysis of isolates K03, 

K23, K1c, and K31 revealed both similarities and differences in characteristics such as surface and reverse 

colony color, growth zones, radial lines, growth rate, and sporulation.  

  All four isolates formed concentric growth zones. Isolates K03 and K23 (Fig. 4) initially displayed 

white colonies on both surfaces, with the surface darkening to black due to sporulation as they aged. Isolate 

K1c also had a white surface that turned black, while its reverse side transitioned from white to yellow. 

Isolate K31 was distinct, with both surface and reverse colors shifting from white to yellowish-brown and 

finally to dark brown with age. All four isolates reproduce asexually via conidia formation. Microscopic 

observation revealed that K03, K23, K1c, and K31 possess septate hyphae and rhizoids. Their non-branching 

conidiophores are characteristic of the genus Aspergillus. Key features of the class Ascomycetes, 

genus Aspergillus, include septate hyphae, asexual spore formation via conidia, and sexual spore formation 

in asci [28]. Molecular identification confirmed that isolates K03, K23, and K1c are similar to Aspergillus 

niger, while K31 is identical to Aspergillus terreus.Controlled fermentation with these four isolates showed 

optimal growth occurring after six days. The total growth was 9.3 x 106 CFU/g for K03, 2.6 x 106 CFU/g for 

K23, 9.7 x 106 CFU/g for K1c, and 2.1 x 107 CFU/g for K31. The fermentation duration directly influences 

mold density, with growth continuing as long as nutrients are available. This is consistent with findings that 

mold counts in attieke increased from 3x103 CFU/g pre-fermentation to 2.5x107 CFU/g by the third day [29]. 

Starch serves as an excellent carbon source for amylase production in A. niger [30], with glucose and 

fructose being optimal for supporting mold growth and enzyme activity [31].  
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The decrease in Kabuto moisture content during fermentation is linked to water consumption during the 

mold growth phase and the metabolic process of starch hydrolysis by fungal α-amylase [32]. Post-

fermentation growth of the four isolates enhanced the nutritional profile of Kabuto. A key finding was the 

concurrent decrease in cyanide levels and increase in protein content (Fig. 7-8). All four isolates significantly 

reduced cyanide concentration after six days of fermentation. This reduction was strongly influenced by 

mold growth on the Kabuto substrate, a phenomenon supported by Tivana et al. [33], who reported that a 

four-day cassava root fermentation reduced cyanide levels (16.86 mg/kg). The decrease in HCN in all 

treatments was strongly correlated with fermentation time and the concomitant increase in mold cell count. 

This aligns with the findings of Zubaidah & Irawati [34], where HCN in MOCAF fermented 

with Aspergillus niger decreased from 33.60 ppm at 38 hours to 30 ppm at 48 hours. The enzymatic 

degradation of linamarin into less harmful compounds during fermentation reduces these plant toxins 

(cyanogenic glycosides). As HCN levels decreased during fermentation time, the ability of enzymes to 

degrade linamarin into compounds was not as harmful as it was. This means that fermentation causes 

degradation of plant toxins (e.g. cyanogenic glycosides), as well as decrease the risks of various illnesses and 

diseases including cardiovascular disease, arthritic disease, type 2 diabetes, periodontitis, respiratory 

problems, bladder disorders, bone problems, liver problems, and skin problems [35-43]. In contrast to the 

results of the analysis of protein content (Fig. 7), after six days of fermentation, there was an increase in all 

Aspergillus spp. isolate.  

  The longer the fermentation time, the more likely the Kabuto protein will increase. This is because 

the Aspergillus genus can increase the protein content in the Kabuto material. Due to the long fermentation 

time, Aspergillus has the opportunity to grow and develop, so it improves protein-rich cell mass. Kompiang 

et al. [44] reported an increase in protein content of sliced cassava roots from 3% to 18-42% through SSF 

with Aspergillus niger. The increase in the protein content was followed by the number of molds because the 

main contributor to protein content was the biomass of mold cells. It has implications for changes in the 

nutritional content of fermented products where the protein content is representative of microbial biomass 

amount [45]. According to Sharma et al. [46], on the fifth-day, fermentation could increase A. niger biomass 

after observing the OD (optical density) value on a UV spectrophotometer [47]. The dense fermentation of 

cassava pulp using Aspergillus terreus can increase protein starting on the second day by 4.5%, and on the 

fourth day by 7.6%. It was asserted by Kurniati et al. [48], the development of the population of the 

combination of Aspergillus niger, Rhizopus oryzae and the length of time during fermentation will boost the 

nutritional quality of organic substrates (especially crude protein) which are used as substrates for mold 

growth as long as fermentation, molds grow and develop on suitable organic substrates. 

 

IV. CONCLUSION  

  Several isolated fungal strains from kabuto, specifically isolates K03, K23, K1c, and K31, 

demonstrated potential for antimicrobial production and exhibited enzymatic activity for amylase and 

cellulase. These isolates formed inhibition zones against both Staphylococcus aureus ATCC 25923 

and Escherichia coli ATCC 35218. Phenotypic characterization indicated that all four fungal isolates belong 

to the genus Aspergillus. Isolates K03, K23, and K1c displayed macroscopic and microscopic characteristics 

consistent with Aspergillus niger, notably black colony surfaces and the presence of black spores. In 

contrast, isolate K31 shared morphological traits with Aspergillus terreus, featuring brown colony surfaces 

and reverses, along with dark brown spores. In subsequent fermentation trials, the application of isolate K31 

proved most effective in enhancing the protein content of kabuto. Conversely, isolates K23 and K1c yielded 

the most significant reduction in HCN content. A fermentation period of six days was established as optimal 

for simultaneously maximizing protein enrichment and minimizing HCN concentration. 

 

 

 

 

 

https://ijhp.net/


International Journal of Health and Pharmaceutical 

https://ijhp.net 
779 

 

REFERENCES  

[1] Sharma R., Garg P., Kumar P., Bhatia S.K., Kulshrestha S. (2020). Microbial fermentation and its role in quality 

improvement of fermented foods. Fermentation. 6(4): 106. https://doi.org/10.3390/fermentation6040106. 

[2] Charles A., Sriroth K., Huang T. (2005). Proximate composition, mineral contents, hydrogen cyanide and phytic 

acid of 5 cassava genotypes. Food Chem. 92(4): 615-620. https://doi.org/10.1016/j.foodchem.2004.08.024. 

[3] Chiwona-Karltun L, Nyirenda D, Mwansa CN, Kongor JE, Brimer L, Haggblade S, Afoakwa EO. Farmer 

preference, utilization, and biochemical composition of improved cassava (Manihot esculenta Crantz) varieties in 

Southeastern Africa. Econ Bot. 2015;69(1):42-56. https://doi.org/10.1007/s12231-015-9298-7 

[4] Montagnac JA, Davis CR, Tanumihardjo SA. Processing techniques to reduce toxicity and antinutrients of 

cassava for use as a staple food. Comprehensive Rev Food Sci Food Safety. 2009;8(1):17–27. 

https://doi.org/10.1111/j.1541-4337.2008.00064.x.  

[5] Mtunguja MK, Laswai HS, Kanju E, Ndunguru J, Muzanila YC. Effect of genotype and genotype by 

environment interaction on total cyanide content, fresh root, and starch yield in farmer‐preferred cassava 

landraces in Tanzania. Food Sci Nutr. 2016;4(6):791–801. https://doi.org/10.1002/fsn3.345.  

[6] Kashala-Abotnes E, Okitundu D, Mumba D, Boivin MJ, Tylleskär T, Tshala-Katumbay D. Konzo: a distinct 

neurological disease associated with food (cassava) cyanogenic poisoning. Brain Res Bull. 2019;145:87–91. 

https://doi.org/10.1016/j.brainresbull.2018.07.001. 

[7] Oyewole OB, Odunfa SA. Microbiological studies on cassava fermentation for ‘lafun’ production. Food 

Microbiol. 1988;5(3):125–133. https://doi.org/10.1016/0740-0020(88)90010-x.  

[8] Penido FCL, Piló FB, Sandes SHDC, Nunes ÁC, Colen G, Oliveira EDS, Lacerda ICA. Selection of starter 

cultures for the production of sour cassava starch in a pilot-scale fermentation process. Braz J Microbiol. 

2018;49:823–831. https://doi.org/10.1016/j.bjm.2018.02.001.  

[9] Yu B, Jin L, Xia H, Lu Y, Dong M. Bioconversion of cassava stem to ethanol using Aspergillus fumigatus and 

Saccharomyces cerevisiae. BioResources. 2019;14(3):6895–6908. https://doi.org/10.15376/biores.14.3.6895-

6908.  

[10] Oso AO, Li L, Zhang B, Uo R, Fan JX, Wang S, Bamgbose AM. Effect of fungal fermentation with Aspergillus 

niger and enzyme supplementation on metabolizable energy values of unpeeled cassava root meal for meat-type 

cockerels. Animal Feed Sci Technol. 2015;210:281–286. https://doi.org/10.1016/j.anifeedsci.2015.09.015.  

[11] Okrathok S, Pasri P, Thongkratok R, Molee W, Khempaka S. Effects of cassava pulp fermented with Aspergillus 

oryzae as a feed ingredient substitution in laying hen diets. J Appl Poultry Res. 2018;27(2):188–197. 

https://doi.org/10.3382/japr/pfx057.  

[12] Pothiraj C, Balaji P, Eyini M. Enhanced production of cellulases by various fungal cultures in solid state 

fermentation of cassava waste. Afr J Biotechnol. 2006;5. 

[13] Finegold, S. M., & Baron, E. J. (1986). Bailey and Scott’s Diagnostic Microbiology. 7th ed. C.V. Mosby. 

[14] Apun K, Jong BC, Salleh MA. Screening and isolation of a cellulolytic and amylolytic Bacillus from sago pith 

waste. J Gen Appl Microbiol. 2000;46:263-267. doi:10.2323/jgam.46.264. 

[15] Joetono, J. S., Hartadi, S., Kabirun, Suhadi, & Soesanto. (1973). Pedoman Praktikum Mikrobiologi. Fakultas 

Pertanian Universitas Gajah Mada; Yogyakarta. 

[16] Stackebrandt E, Goebel BM. A place for DNA–DNA reassociation and 16S rRNA sequence analysis in the 

present species definition in bacteriology. Int J Syst Bacteriol. 1994;44(4):846-849. 

[17] Gunawan S, Widjaja T, Zullaikah S, Ernawati L, Istianah N, Aparamarta HW, Prasetyoko D. Effect of 

fermenting cassava with Lactobacillus plantarum, Saccharomyces cereviseae, and Rhizopus oryzae on the 

chemical composition of their flour. Int Food Res J. 2015;22(3):1280-1287. 

[18] Bhavaniramya S, Vishnupriya S, Al-Aboody MS, Vijayakumar R, Baskaran D. Role of essential oils in food 

safety: Antimicrobial and antioxidant applications. Grain Oil Sci Technol. 2019;2:49-55. 

doi:10.1016/j.gaost.2019.03.001. 

[19] Pang Z, Raudonis R, Glick BR, Lin T, Cheng Z. Antibiotic resistance in Pseudomonas aeruginosa: mechanisms 

and alternative therapeutic strategies. Biotechnol Adv. 2019;37:177–192. 

https://doi.org/10.1016/j.biotechadv.2018.11.013.  

[20] Bahar AA, Ren D. Antimicrobial peptides. Pharmaceuticals. 2013;6:1543-1575. doi:10.3390/ph6121543. 

[21] Brown KL, Hancock RE. Cationic host defense (antimicrobial) peptides. Curr Opin Immunol. 2006;18:24-30. 

doi:10.1016/j.coi.2005.11.004. 

[22] Harris F, Dennison SR, Phoenix DA. Anionic antimicrobial peptides from eukaryotic organisms. Curr Protein 

Pept Sci. 2009;10:585-606. https://doi.org/10.2174/138920309789630589.  

https://ijhp.net/
https://doi.org/10.3390/fermentation6040106
https://doi.org/10.1016/j.foodchem.2004.08.024
https://doi.org/10.1007/s12231-015-9298-7
https://doi.org/10.1111/j.1541-4337.2008.00064.x
https://doi.org/10.1002/fsn3.345
https://doi.org/10.1016/j.brainresbull.2018.07.001
https://doi.org/10.1016/0740-0020(88)90010-x
https://doi.org/10.1016/j.bjm.2018.02.001
https://doi.org/10.15376/biores.14.3.6895-6908
https://doi.org/10.15376/biores.14.3.6895-6908
https://doi.org/10.1016/j.anifeedsci.2015.09.015
https://doi.org/10.3382/japr/pfx057
https://doi.org/10.1016/j.biotechadv.2018.11.013
https://doi.org/10.2174/138920309789630589


International Journal of Health and Pharmaceutical 

https://ijhp.net 
780 

 

[23] Groenink J, Walgreen-Weterings E, van’t Hof W, Veerman EC, Nieuw Amerongen AV. Cationic amphipathic 

peptides, derived from bovine and human lactoferrins, with antimicrobial activity against oral pathogens. FEMS 

Microbiol Lett. 1999;179:217-222. https://doi.org/10.1111/j.1574-6968.1999.tb08730.x. 

[24] Bradshaw J. Cationic antimicrobial peptides: Issues for potential clinical use. BioDrugs. 2003;17:233-240. 

doi:10.2165/00063030-200317040-00002. 

[25] Riedl S, Zweytick D, Lohner K. Membrane-active host defense peptides—challenges and perspectives for the 

development of novel anticancer drugs. Chem Phys Lipids. 2011;164:766–781. 

https://doi.org/10.1016/j.chemphyslip.2011.09.004.  

[26] Huang YB, Huang JF, Chen YX. Alpha-helical cationic antimicrobial peptides: relationships of structure and 

function. Protein Cell. 2010;1:143–152. https://doi.org/10.1007/s13238-010-0004-3.  

[27] Horwitz, W. (2000). Official methods of analysis of AOAC International. 17th ed. Volume I, Agricultural 

Chemicals, Contaminants, Drugs. AOAC International. 

[28] Berman, J. J. (2012). Taxonomic Guide to Infectious Diseases. 1st ed. Academic Press. ISBN: 9780124159136. 

[29] Tetchi AF, Solomen WO, Celah AK. Effect of cassava variety and fermentation time on biochemical and 

microbiological characteristics of raw artisanal starter for Attiéké production. J Innov Romanian Food 

Biotechnol. 2012;10. 

[30] Gupta A, Gautam N, Modi RD. Optimization of α-amylase production from free and immobilized cells of 

Aspergillus niger. J Biotechnol Pharm. 2010;1. 

[31] Unakal C, Sadashiv SO, Bhairappanavar S, Sindagi A. Screening of endophytic fungus Aspergillus sp. for 

amylase production. Int J Pharm Health Care Res. 2014;2:40–45. 

[32] Schlegel, H. G., & Zaborosch, C. (1993). General Microbiology. Cambridge University Press. 

[33] Tivana DL, Bvochora MJ, Mutukumira NA, Owens DJ. A study of heap fermentation process of cassava roots in 

Nampula province, Mozambique. J Root Crops. 2007;33:119–128. 

[34] Zubaidah E, Irawati N. Pengaruh Penambahan Kultur (Aspergillus niger, L. plantarum) dan Lama Fermentasi 

terhadap Karakteristik MOCAF. J Teknol Pertanian Andalas. 2012;16(2):1–11. 

[35] Sonestedt E, Wirfält E, Wallström P, Gullberg B, Orho-Melander M, Hedblad B. Dairy products and its 

association with incidence of cardiovascular disease: the Malmö diet and cancer cohort. Eur J Epidemiol. 

2011;26(8):609–618. https://doi.org/10.1007/s10654-011-9589-yapun 

[36] Pineda Mde L, Thompson SF, Summers K, de Leon F, Pope J, Reid G. A randomized, double-blinded, placebo-

controlled pilot study of probiotics in active rheumatoid arthritis. Med Sci Monit. 2011;17(6):CR347–54. 

https://doi.org/10.12659/msm.881808.  

[37] O'Connor LM, Lentjes MA, Luben RN, Khaw KT, Wareham NJ, Forouhi NG. Dietary dairy product intake and 

incident type 2 diabetes: a prospective study using dietary data from a 7-day food diary. Diabetologia. 

2014;57(5):909–917. https://doi.org/10.1007/s00125-014-3176-1.  

[38] Adegboye AR, Christensen LB, Holm-Pedersen P, Avlund K, Boucher BJ, Heitmann BL. Intake of dairy 

products in relation to periodontitis in older Danish adults. Nutrients. 2012;4(9):1219-1229. 

doi:10.3390/nu4091219. 

[39] Makino S, Ikegami S, Kume A, Horiuchi H, Sasaki H, Orii N. Reducing the risk of infection in the elderly by 

dietary intake of yoghurt fermented with Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1. Br J Nutr. 

2010;104(7):998–1006. 

[40] Moyad MA. Review of lifestyle and CAM for miscellaneous urologic topics (bladder cancer, CP/CPPS, IC/PBS, 

kidney cancer). Part One. New York, NY: Springer; 2014:231–247. Complementary & Alternative Medicine for 

Prostate and Urologic Health. 

[41] Narva M, Nevala R, Poussa T, Korpela R. The effect of Lactobacillus helveticus fermented milk on acute 

changes in calcium metabolism in postmenopausal women. Eur J Nutr. 2004;43(2):61–68. 

https://doi.org/10.1007/s00394-004-0441-y.  

[42] Higashikawa F, Noda M, Awaya T, Nomura K, Oku H, Sugiyama M. Improvement of constipation and liver 

function by plant-derived lactic acid bacteria: a double-blind, randomized trial. Nutrition. 2010;26(4):367-374. 

https://doi.org/10.1016/j.nut.2009.05.008.  

[43] Peguet-Navarro J, Dezutter-Dambuyant C, Buetler T, Leclaire J, Smola H, Blum S, Bastien P, Breton L, 

Gueniche A. Supplementation with oral probiotic bacteria protects human cutaneous immune homeostasis after 

UV exposure-double blind, randomized, placebo controlled clinical trial. Eur J Dermatol. 2008;18(5):504–511. 

https://doi.org/10.1684/ejd.2008.0496.  

 

https://ijhp.net/
https://doi.org/10.1111/j.1574-6968.1999.tb08730.x
https://doi.org/10.1016/j.chemphyslip.2011.09.004
https://doi.org/10.1007/s13238-010-0004-3
https://doi.org/10.1007/s10654-011-9589-yapun
https://doi.org/10.12659/msm.881808
https://doi.org/10.1007/s00125-014-3176-1
https://doi.org/10.1007/s00394-004-0441-y
https://doi.org/10.1016/j.nut.2009.05.008
https://doi.org/10.1684/ejd.2008.0496


International Journal of Health and Pharmaceutical 

https://ijhp.net 
781 

 

[44] Kompiang IP, Sinurat AP, Supriyat PT. The effect of using protein enriched sago and its by-products in 

comparison with fermented cassava fiber in the rations on the performance of broiler chickens. In: Research 

Results on Poultry and Miscellaneous Animals. Research Institute for Animal Production; 1995. Ciawi, 

Bogor:490–498. 

[45] Raimbault M. General and microbiological aspects of solid substrate fermentation. Electron J Biotechnol. 

1998;1. 

[46] Sharma N, Kausal R, Gupta R, Kumar S. A biodegradation study of forest biomass by Aspergillus niger F7: 

correlation between enzymatic activity, hydrolitic percentage and biodegradation index. Braz J Microbiol. 

2012;43. https://doi.org/10.1590/S1517-83822012000200006.  

[47] Pothiraj C, Balaji P, Eyini M. Raw starch degrading amylase production by various fungal cultures grown on 

cassava waste. Mycobiology. 2006;34(3):128–130. https://doi.org/10.4489/myco.2006.34.3.128. 

[48] Kurniati T, Nurlaila L, Lim. Effect of inoculum dosage Aspergillus niger and Rhizopus oryzae mixture with 

fermentation time of oil seed cake (Jatropha curcas L) to the content of protein and crude fiber. IOP Conf Ser: J 

Phys: Conf Ser. 2017;824:012064. https://doi.org/10.1088/1742-6596/824/1/012064.  

https://ijhp.net/
https://doi.org/10.1590/S1517-83822012000200006
https://doi.org/10.4489/myco.2006.34.3.128
https://doi.org/10.1088/1742-6596/824/1/012064

	Jendri Mamangkey1*, Nur Arfa Yanti2, La Ode Adi Parman Rudia3, La Ode Muhamad Iman Sulaiman4 Christina Aryanti Pada Soa5, Christyani Dian Winarty Budadana6, Adrian Hartanto7
	3Department of Aquatic Resources Management, Faculty of Fisheries and Marine
	Sciences, Halu Oleo University, Kampus Bumi Tridharma Anduonohu, Kendari 93232,
	Southeast Sulawesi, Indonesia
	4SMP Swasta Frater Kendari, Kendari City, Southeast Sulawesi 93122, Indonesia

