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Abstract. Sarlan, Arfah RA, Karim A, Anita, Ahmad A, Taba P, Karim H, Larekeng SH, Rampisela DA, Ladju RB. 2025. Screening and 

characterization of thermostable α-amylase-producing microbes from Karedhe North Buton Hot Springs, Indonesia. Biodiversitas 26: 

6513-6522. This study aimed to screen and characterize thermophilic α-amylase-producing bacteria from samples collected at Karedhe 

hot springs. A total of 23 bacterial isolates were obtained, where 8 isolates showed amylolytic activity. Amylase activity was assessed 

by iodine staining, which showed significant starch hydrolysis, indicated by clear zones around bacterial colonies. The results showed 

that isolate SRL40-1-3 had the largest clear zone (4 cm), while SRL40-2-1 produced a clear zone of 5.1 cm, indicating their potential for 

efficient starch degradation. Additionally, biochemical tests revealed distinct metabolic profiles, with only SRL40-1-3 able to use citrate 

as a carbon source. Specifically, isolates SRL40-1-3 and SRL40-2-1 were identified as Enterobacter sp. and Enterobacter hormaechei, 

respectively, based on molecular analysis. Further optimization studies showed that the optimal starch and CaCl2 concentrations for 

enzyme production were 1.25% and 0.12%, respectively, for SRL40-1-3. The optimum fermentation times were 42 h for SRL40-1-3 and 

45 h for SRL40-2-1. In line with the results, the characterization of crude enzyme α-amylase showed that the optimum pH for both 

isolates was pH 6 at 50°C. Aside from pH, the optimum starch concentrations for crude enzyme in SRL40-1-3 and SRL40-2-1 were 

0.015% and 0.01%, respectively. These results indicate that thermophilic bacteria from Karedhe hot springs have potential applications 

in industries requiring efficient starch degradation, such as bioethanol production and food processing. 
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INTRODUCTION 

Sago (Metroxylon sagu Rottb.) is an endemic plant 

widely distributed in Sulawesi, Maluku, and Papua, playing 

a crucial role in local food security in Eastern Indonesia. 

As a plant that thrives in wetlands and swampy areas, sago 

is a primary carbohydrate source for local communities, 

particularly because it produces starch in large quantities 

(Sidiq et al. 2021). Sago has gained popularity over the last 

5 years as a local food source and commercial commodity. 

It also offers ecological benefits by enabling growth on 

marginal soils unsuitable for other crops and by helping 

preserve wetland areas. More importantly, the sago plant 

thrives in swamp habitats with high carbon absorption, 

serving as an essential crop for mitigating climate change 

and supporting global food demands (Sidiq et al. 2021). 

Sago processing begins with the collection of mature 

trunks, typically 10-15 years old. The trunk is then processed 

into starch that can be used to make various food products, 

including papeda and cakes (Rasyid et al. 2020). Recent 

studies have also observed the potential of sago for other 

industrial applications, such as bioenergy and derivative 

products. Moreover, this is consistent with the global trend 

towards a bio-economy based on sustainable natural 

resources (Rasyid et al. 2020; Fetriyuna et al. 2024). 

According to previous studies, the growth of sago is 

essential for food security and has the potential to generate 

economic opportunities in rural and isolated areas of 

Sulawesi and Eastern Indonesia (Rasyid et al. 2020; Sidiq 
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et al. 2021). In the context of global food security, sago 

offers a more environmentally friendly alternative compared 

to other staple crops, such as rice and corn, particularly in 

regions prone to food crises (Wulan 2018; Rasyid et al. 

2020). 

Expanding sago's potential significantly contributes to 

solid waste generation during processing. The solid sago 

waste is a lignocellulosic by-product obtained after sago 

starch extraction. During processing, flour and solid sago 

waste are mixed at a 1:6 ratio, which is 6 times higher 

compared to sago starch. Therefore, accumulated waste, 

which consists of 60% starch and 14% fiber based on dry 

weight, with 26% lignin, produces unpleasant odors due to 

organic acids created during sedimentation (Al-Fakih et al. 

2024). To address this challenge, solid sago waste from 

processing can be treated with α-amylase enzymes to 

isolate starch for commercial use (Rasyid et al. 2020; 

Susanto et al. 2024). Because sago waste contains a 

significant amount of starch, it can serve as a substrate for 

thermophilic bacteria that produce α-amylase. 

The α-amylase is an enzyme that plays a significant role 

in hydrolyzing starch into simple sugars like maltose and 

glucose (Zhai et al. 2022). In industry, α-amylase is widely 

used in sectors such as food, textiles, paper, and bioenergy 

(Farooq et al. 2021) due to thermal stability, particularly at 

high temperatures. Thermophilic microorganisms in hot 

springs produce thermally stable α-amylase (Abdollahi et 

al. 2020; Benammar et al. 2020). 

Isolating α-amylase-producing bacteria from hot springs 

is a multi-step method. Initially, hot spring water or sediment 

samples are collected and transported to the laboratory, 

where bacteria are grown on a medium containing starch as 

a carbon source to enrich the culture. Thermophilic bacteria 

are obtained by incubating at high temperatures (40-110°C) 

(Ulucay et al. 2022). After incubation, the growing bacteria 

colonies are selected and tested for their enzymatic activity 

against α-amylase using a starch hydrolysis assay, with 

iodine staining as an indicator. Bacteria that produce a clear 

zone on the starch medium indicate the presence of α-

amylase activity (Rakaz et al. 2021). 

Recent studies have focused on isolating thermostable 

α-amylase-producing bacteria from hot springs for possible 

biotechnological applications. The development of 

bioconversion technology based on this enzyme offers 

energy-efficient alternatives for industrial processes requiring 

high temperatures (Rakaz et al. 2021; Yassin et al. 2021). 

Therefore, the objective of this study was to use solid sago 

waste as a substrate to investigate and characterize 

thermophilic bacteria producing thermostable α-amylase in 

Karedhe hot springs of North Buton. The results may 

provide the potential to increase the value of sago waste 

through enzymatic reactions using α-amylase. 

MATERIALS AND METHODS  

Materials 

The materials used in this study were water samples, 

nutrient agar (Himedia), methyl red (Home Science Tools), 

H2O2 (viva doria), I2 (emsure), KI (emsure), glucose (Merck), 

sucrose (Merck), maltose (Himedia), lactose (Enzytec™), 

crystal violet (Merck), safranin (Merck), alcohol (Merck), 

Simon citrate agar (Merck), triple iron sugar agar (Merck), 

gelatin (Merck), and sulfite indole motility medium (Merck).  

Samples collection 

Water samples were collected from Karedhe hot springs 

in North Buton, Southeast Sulawesi (4°46′48″S, 

122°58′53″E), on December 2, 2023. The samples were 

placed in glass bottles inside a cooler and transported to the 

laboratory for further analysis. Sago waste was obtained 

from the processing facility in Cialam Village, South 

Konawe (122°35'30"S, 4°7'30"E), on November 19, 2023. 

The samples were placed in plastic containers and taken to 

the laboratory for further study. 

Screening and isolation of amylase enzyme-producing 

thermophilic bacteria 

For isolation, water samples containing thermophilic 

bacteria were spread onto nutrient agar and incubated at 

temperatures ranging from 40°C to 65°C. Subsequently, 

isolates growing at each temperature were further 

incubated in a selective amylolytic medium (nutrient agar + 

starch) to assess α-amylase activity. The activity was then 

assessed by dripping iodine solution to obtain a clear zone 

(Arfah et al. 2020). 

Characterization of bacterial isolates 

Morphology of bacterial isolates 

Morphological observations of each isolate included 

colony shape, surface observed from the side, edge from 

above, and color (Marzuki et al. 2021). 

Characterization by Gram staining 

The 24-hour-old isolate culture was prepared as a smear 

on a glass slide. The preparation was dried in air and then 

fixed with a Bunsen burner. The dry preparation was 

dipped in Gram A solution (crystal violet) for 3 minutes, 

then rinsed with distilled water, dipped in Gram B solution 

for 1 minute, then washed with distilled water. Furthermore, 

it was dripped with a Gram C solution. The preparation 

was dipped with Gram D solution and left to dry, then 

dipped with immersion oil to be observed under a 

microscope with a magnification of 1000× (Dalton and 

Young 2024).  

Biochemical test of bacterial isolates 

Biochemical tests were performed using Simon citrate 

agar, catalase, triple sugar iron agar, gelatinase, sulfite, 

indole, methyl red, Voges-Proskauer, and carbohydrate 

fermentation (Marzuki et al. 2021). 

Molecular identification of thermophilic bacterial 

isolates 

Molecular identification of α-amylase-producing 

thermophilic bacteria isolates was determined using the 

16S rRNA sequence. The sequencing of the 16S rRNA 

gene was performed using the Sanger method (Next-

Generation Sequencing) to obtain the complete 16S rRNA 

gene sequence with 63F (5’CAG GCC TAA CAC ATG 
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CAA GTC 3’) as forward primer and 1387R (5’GGG CGG 

WGT GTA CAA GGC 3’) as reverse primer. This was 

followed by analyzing the 16S rRNA gene sequence using 

appropriate bioinformatics software, such as BLAST 

(Basic Local Alignment Search Tool). The software allows 

comparison of sequences with the GenBank database to 

identify phylogenetic relationships and bacterial taxonomy 

(Paul 2023). 

Isolation of starch from sago waste 

One kilogram of sago processing waste was mixed with 

water and stirred. The mixture was then filtered using a 

cloth, and the solid waste was squeezed until all the water 

was removed. Subsequently, solid waste was mixed with 

approximately 1/3 distilled water, stirred, and squeezed 

until completely drained to obtain a filtrate. This filtrate 

was treated with 0.5 N NaOH and allowed to precipitate for 

24 h. The liquid and precipitate were separated, and the 

resulting precipitate was referred to as wet starch. This was 

followed by drying in an oven for 48 h at 50°C. The sample 

obtained was ground in a mortar and sieved with a 100 

mesh sieve to obtain a powder form (Singla et al. 2020). 

Optimization of α-amylase production 

The optimum conditions for α-amylase production are 

indicated by the highest activity determined by the DNS 

(3,5-dinitrosalicylic acid) method. 

Determination of optimum starch concentration 

A 24-hour-old thermophilic bacterial isolate was 

inoculated into the nutrient broth at 40°C in a shaker 

incubator for 24 h. Approximately 10% of the inoculum 

was added to the production medium containing 0.5% to 

2.5% starch, and the mixture was incubated in a shaker at 

40°C and 200 rpm for 24 h. The mixture was then 

centrifuged at 3500 rpm for 30 minutes, and the 

supernatant (filtrate) obtained was the crude α-amylase 

extract. Each crude enzyme extract was then tested for 

activity using DNS method (Msarah et al. 2020).  

Determination of optimum CaCl₂ concentration 

A 24-hour-old thermophilic bacterial isolate was 

inoculated into the nutrient broth at 40°C in a shaker 

incubator for 24 h. Subsequently, 10% of the inoculum was 

added to the production medium containing the optimum 

starch concentration and varying concentrations of CaCl₂ 

(0.01% to 0.16%), and the mixture was incubated in a 

shaker at 40°C and 200 rpm for 24 h. The mixture was 

centrifuged at 3500 rpm and 4°C for 30 minutes to obtain 

the supernatant (filtrate) as the crude α-amylase extract. 

Each crude enzyme extract was then tested for activity 

using the DNS method (Msarah et al. 2020).  

Determination of optimum fermentation time 

A 24-hour-old thermophilic bacterial isolate was 

inoculated into the nutrient broth at 40°C in a shaker 

incubator for 24 h. This was followed by adding 10% of the 

inoculum to the production medium containing the 

optimum starch and CaCl₂ concentrations, and incubating 

in a shaker at 40°C and 200 rpm. Enzyme activity was 

measured every 3 h using the DNS method (Msarah et al. 

2020) for 54 h.  

Isolation of α-amylase crude enzyme 

Bacterial isolates were inoculated into a production 

medium containing 1.25% starch and 0.12% CaCl2 for 

isolate SRL40-1-3 and 0.75% starch and 0.08% CaCl2 for 

isolate SRL40-2-1, respectively, and incubated at 40°C for 

42 h (SRL40-1-3) and 45 h (SRL40-2-1). The mixture was 

centrifuged at 3500 rpm at 4°C for 30 minutes to obtain 

supernatant (filtrate) as the crude extract of α-amylase 

Characterization of α-amylase crude enzyme 

Effect of pH on enzyme activity 

A total of 25 μL of sago waste starch substrate 1.25% 

for SRL40-1-3 and 0.75% for SRL40-2-1 was mixed with 

25 μL of Crude α-amylase enzyme, 25 μL of acetate 

buffer/phosphate buffer pH 4-7.5, and vortexed for 10 

seconds. Furthermore, the mixture was incubated for 1 hour 

at 40°C. After incubation, 1.425 mL of H2O and 1.5 mL of 

DNS reagent were added, and the mixture was vortexed for 

10 seconds. The solution was heated in boiling water for 10 

minutes, cooled in cold water, and its absorbance was 

measured at λmax. 

Effect of substrate concentration on enzyme activity 

A total of 25 μL of sago starch substrate at 0.005%-

0.025% was mixed with 25 μL of α-amylase enzyme and 

25 μL of acetate buffer and/or phosphate buffer at the 

optimum pH, and vortexed for 10 seconds. The mixture was 

incubated for 1 hour at 40°C; after incubation, 1.425 mL of 

H2O and 1.5 mL of DNS reagent were added. Furthermore, 

the mixture was vortexed for 10 seconds, heated in boiling 

water for 10 minutes, cooled in ice water, and the 

absorbance was measured at λ-max. 

Effect of temperature on enzyme activity 

A total of 25 μL of 0.015% starch substrate for SRL40-

1-3 and 0.01% for SRL40-2-1 was mixed with 25 μL of α-

amylase enzyme solution, 25 μL of acetate buffer/ 

phosphate buffer of optimum pH, incubated at 40, 45, 50, 

55, 60°C for 1 hour, after incubation 1.425 mL of H2O and 

1.5 mL of DNS reagent were added. Furthermore, the 

mixture was vortexed for 10 seconds, heated in boiling water 

for 10 minutes, cooled in ice water, and the absorbance was 

measured at λmax. 

RESULTS AND DISCUSSION 

Screening of thermophilic bacteria 

Based on screening and isolation, 23 thermophilic 

bacterial isolates were successfully obtained from water 

samples. Among these isolates, 8 were identified as amylase-

producing bacteria, comprising 5 from samples incubated 

at a temperature of 40°C, and 3 isolates were obtained at 

45°C, both under a neutral pH of 7. Dripping the iodine 

method identified bacteria's capacity to hydrolyze starch 

into simpler sugars like maltose or glucose. The detection 

procedure included examining the occurrence of a clear 
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zone surrounding the colonies, indicating starch hydrolysis 

(Singla et al. 2020). 

The results showed that not all isolates had the same 

level of enzyme activity. Among the 8 amylolytic isolates 

found from Karedhe hot springs, 2 were selected based on 

the size of the clear zones produced, indicating their ability 

to hydrolyze starch. The diameters of hydrolysis zones 

indicated that isolates had substantial amylase activity. 

SRL40-1-3 had a clean zone of 4 cm, while SRL40-2-1 

showed the largest zone, which measured 5.1 cm (Figure 

1). The size of these zones was directly related to each 

isolate enzymatic effectiveness in breaking down starch. 

The clear zone identified bacteria showing amylolytic 

activity, also referred to as a hydrolysis zone, on the agar 

medium containing 1.0% starch. The size of the clear zone 

surrounding the colonies varied, showing the different 

capacities of each isolate to break down starch (Arfah et al. 

2020). Bacteria with higher amylolytic activity produced 

larger hydrolysis zones, suggesting that starch was digested 

more effectively. This clear zone showed starch breakdown, 

enabling comparison of the effectiveness of different 

bacterial isolates. The amount of amylase enzyme activity 

generated by bacterial isolates is closely proportional to the 

size of the clear zone. Greater α-amylase secretion by the 

bacteria or the enzyme's excellent starch-breaking efficiency 

is indicated by larger clear zones (Mittal et al. 2022). 

The screening and isolation operations were carried out 

under controlled conditions, namely at an incubation 

temperature of 40°C and a neutral pH of 7, which were 

optimal for the growth and activity of thermophilic bacteria. 

Previous studies have shown that amylase-producing 

microbes such as Bacillus licheniformis are isolated at 35 

C, pH 7 (Fincan et al. 2021). The constancy of these 

conditions ensures that the observed variations in clear 

zone widths are related to the isolates' inherent enzymatic 

capabilities rather than to external environmental factors.  

Thermophilic bacteria producing amylase have also 

successfully isolated from hot spring such as Bacillus 

cereus from the Hot Spring of Pentadio Resort with 23.26 

mm diameter inhibition zone (Angio et al. 2024), Bacillus 

amyloliquefaciens from Nglimut Hot Springs with 2.38 of 

amylolytic index (Budiharjo et al. 2024) and Anoxybacillus 

flavithermus with 4.24 amylolytic index from Hot Spring 

Sabah (Fazal et al. 2022). 

Morphological characteristics 

The comparison of isolates and the results of different 

methods, including the macroscopic appearance of bacterial 

colonies, is presented in Table 1. 

According to Table 1, both isolates are Gram-positive 

bacteria. This suggests that bacterial cell walls include a 

strong peptidoglycan coating that preserves the crystal 

violet stain used in Gram staining. This feature is crucial 

since Gram-positive bacteria often show different 

characteristics than Gram-negative, such as a higher 

resilience to particular environmental stresses and different 

antibiotic sensitivity. 

Regarding motility and flexibility, SRL40-1-3 belonged 

to spirochete or spirilla-shaped bacteria. Spiral-shaped 

bacteria are observed for their distinct corkscrew motion, 

which can be helpful in some conditions, such as thick 

liquids or mucus, allowing efficient mobility. This form 

also indicates distinct adaptations or ecological niches, 

where certain bacteria thrive, particularly in hot springs 

(Boymurod 2024). 

SRL40-2-1 was coccus-shaped bacteria, suggesting a 

spherical form. The spherical form of SRL40-2-1 may 

indicate distinct environmental adaptations. Depending on 

their mode of cellular division, cocci often show in chains 

(streptococci), clusters (staphylococci), or pairs (diplococci). 

As shown in thermal springs, superb structural integrity is 

often connected with coccus-shaped bacteria, which can 

provide an edge in surviving environmental pressures or 

higher temperatures (Andriyani et al. 2021). The unique 

physical and Gram staining properties provide essential 

information on the 2 isolates' biological identities and 

possible activities. 

Biochemical characteristics of selected bacterial isolates 

The results of biochemical tests of isolates SRL40-1-3 

and SRL40-2-1 are presented in Table 2. Specifically, in 

Simmons' citrate agar test, SRL40-1-3 showed the ability to 

use citrate as a carbon source. The medium changes in 

color from green to blue when the bacteria break down 

citrate. The blue color indicates that SRL40-1-3 moves and 

degrades citrate, an essential component of life in 

environments where it is among the few readily available 

carbon sources. This metabolic feature suggests that SRL40-

1-3 can live in more varied biological settings where 

different carbon sources, such as citrate, are available, thereby 

improving its flexibility and utility in biotechnological 

applications. SRL40-2-1 did not show any color change in 

the medium, indicating that citrate could not be used as a 

carbon source in Simon's citrate agar test. The medium 

stayed green, showing insufficient transport proteins or 

enzymes for citrate metabolism. This implies that SRL40-

2-1 relies on more common carbon sources, including 

glucose or monosaccharides, for growth and sustenance. 

The inability to metabolize citrate can influence the 

environmental conditions under which SRL40-2-1 thrives, 

limiting its ecological versatility compared to SRL40-1-3. 

 

 

 

  

A B 

 

Figure 1. Isolates from: A. SRL40-1-3, and B. SRL40-2-1 showed 

a large diameter of the clear zone after 48 h of incubation at 40°C 

 



SARLAN et al. – Thermostable α-amylase from symbiont bacteria Karedhe Hot Springs 

 

6517 

Table 1. Morphological characteristics of selected bacterial isolates 

from Karedhe hot spring 

 

Isolates 

code 

Colony morphology 

Colony 

color 
Form 

Gram’s 

color 

Gram 

staining 

Colony 

surface 

SRL40-1-3 Cream Spiral Violet + Spread 

SRL40-2-1 Cream Coccus Violet + Spread 

 

 

Table 2. Morphological characteristics of selected bacterial 

isolates from Karedhe hot spring 

 

Biochemical test 
Isolates code 

SRL40-1-3 SRL40-2-1 

Simon Citrate Agar + - 

Catalase - - 

Triple Sugar Iron Agar + + 

Gelatinase + - 

Motility + + 

Methyl Red + - 

Voges Proskauer + - 

Glucose + - 

Sucrose + + 

Lactose + - 

Maltose + + 

Simon Citrate Agar + - 

Note: +: Presence, -: Absence 

 

 

Both isolates showed a positive reaction in the Triple 

Sugar Iron (TSI) agar test, which evaluates bacteria's 

capacity to digest sugars such as glucose, lactose, and 

sucrose, as well as their ability to produce gas or hydrogen 

sulfide. The yellow color in both media implies that either 

isolate can ferment one or more sugars found in the 

medium. This similar capacity suggests that, despite the 

different citrate consumption, both SRL40-1-3 and SRL40-

2-1 can efficiently metabolize simple sugars. Therefore, 

SRL40-1-3 and SRL40-2-1 have potential benefits for 

industrial fermentation processes and bioethanol generation. 

The absence of bubble development around the 

bacterial colonies indicates that no isolates can degrade 

hydrogen peroxide (H₂O) into water (H₂O) and oxygen 

(O₂). Effervescence, in the catalase assay, is the breakdown 

of H₂O₂ into oxygen gas under the action of the enzyme 

catalase. The absence of bubbles suggests that these 

isolates do not produce catalase, an enzyme in aerobic and 

facultative anaerobic bacteria that protects against 

oxidative damage.  

In the gelatinase test, a clear difference in enzymatic 

activity was observed between the 2 isolates. Based on the 

results, SRL40-1-3 produced a positive result, as the gelatin 

medium remained liquid after 30 minutes of chilling, 

verifying the generation of gelatinase. This enzyme 

catalyzes the breakdown of gelatin into smaller peptides 

and amino acids, indicating that SRL40-1-3 has proteolytic 

capacity to degrade surrounding proteins for energy. In 

comparison, SRL40-2-1 produced a negative result because 

the gelatin medium hardened following refrigeration, 

indicating a lack of gelatinase activity. This suggests that 

SRL40-2-1 relies on other food sources or metabolic 

pathways. The different gelatinase activity shows the 

unique enzymatic capacity of various bacterial isolates, 

which can affect their ecological functions and possible 

industrial uses, particularly in protein degradation or food 

recycling procedures. 

All bacterial isolates showed motility as determined by 

the Sulfide Indole Motility (SIM) test. The movement of 

bacteria inside the media showed that the isolates could 

efficiently negotiate their surroundings. Motility is 

essential for bacteria, as it helps them find resources, avoid 

hostile environments, and establish new habitats.  

Aside from the motility assessment, the Methyl Red-

Voges-Proskauer (MR-VP) test provided additional 

information on the isolate's metabolic pathways. The test 

produced promising results for isolate SRL40-1-3, as 

shown by developing a purple ring in MR-VP media when 

2 drops of methyl red were added. The color shift indicated 

that SRL40-1-2 could carry out mixed-acid fermentation, 

generating stable acid end products and reducing the 

medium pH. In comparison, SRL40-2-1 produced negative 

results, suggesting no capacity for mixed acid fermentation. 

The application of barite A and B reagents showed that 

SRL40-1-3 produced favorable results with a reddish-

purple ring, indicating acetoin synthesis through the 

butylene glycol fermentation route. 

Carbohydrate fermentation tests were conducted to 

assess glucose, sucrose, maltose, and lactose to gauge the 

metabolic capabilities of bacteria isolates. Sucrose and 

maltose assays were particularly significant, as all isolates 

showed promising results after changing the medium to 

yellow color.  

Further analysis of glucose and sucrose tests indicated 

significant differences in isolates' fermentation capacities. 

SRL40-1-3 showed positive results in both tests, as 

indicated by a color change in the medium, suggesting that 

the sugars were effectively fermented. The metabolic 

adaptability of SRL40-1-3 showed potential applications 

across various settings, including glucose and sucrose, 

which might be beneficial for food processing or 

fermentation. SRL40-2-1 produced negative results in both 

tests due to the lack of color change, indicating the inability 

to ferment sugars. The lack of fermenting capacity can 

limit the biological niches accessible to SRL40-2-1, 

underscoring the importance of determining its metabolic 

properties for potential industrial and environmental 

applications. The fermentation characteristics of these 

isolates provide new insights into metabolic pathways and 

their potential for biotechnological applications. 

Molecular identification of thermophilic bacterial isolates 

Molecular identification of isolates with the greatest 

antibacterial activity from both areas using particular 

primers indicated that bacterial isolates belonged to the 

Enterobacter genus. Based on sequencing and BLAST 

analyses (Tables 3 and 4), SRL40-1-3 was identified as 

Enterobacter sp., and SRL40-2-1 as Enterobacter hormaechei. 

Figure 2 presents the phylogenetic relationships and 

molecular profiles of the identified isolates. Understanding 

the specific species within the Enterobacter genus is 

essential, as different species can exhibit distinct 

pathogenicity and antibacterial activity. 
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Table 3. Blast analysis of isolate SRL40-1-3 

 

Scientific names Max score Total score Query cover E value Per. ident Acc. len Accession no. 

Enterobacter sp. 1882 1882 99% 0 98.41% 1524 OP941830.1 

Enterobacter quasihormaechei 1882 1882 99% 0 98.41% 1429 PP067181.1 

Enterobacter sp. 1882 1882 99% 0 98.41% 1431 MF289157.1 

Enterobacter hormaechei subsp. xiangfangensis 1882 1882 99% 0 98.41% 1274 ON038428.1 

Enterobacter kobei 1882 1882 99% 0 98.41% 1476 KY287933.1 

Enterobacter cancerogenus 1882 1882 99% 0 98.41% 1458 HQ407292.1 

Enterobacter sp. 1882 1882 99% 0 98.41% 1399 OR506144.1 

Enterobacter sp. 1882 1882 99% 0 98.41% 1477 OK325979.1 

Enterobacter hormaechei 1882 1882 99% 0 98.41% 1407 OM181067.1 

Enterobacter cloacae 1882 1882 99% 0 98.41% 1463 AB244288.1 

 

 

Table 4. Blast analysis of isolate SRL40-2-1 

 

Scientific names Max score Total score Query cover E value Per. ident Acc. len Accession no. 

Enterobacter hormaechei 2025 2025 99% 0 96.57% 1417 PP087077.1 

Enterobacter sp. 2023 2023 96% 0 97.63% 1219 OR789349.1 

Enterobacter hormaechei 2023 2023 98% 0 96.87% 1367 KC431791.1 

Enterobacter hormaechei 2023 2023 99% 0 96.64% 1243 OR229886.1 

Enterobacter sp. 2017 2017 99% 0 96.49% 1524 OP941830.1 

Enterobacter quasihormaechei 2017 2017 99% 0 96.49% 1429 PP067181.1 

Enterobacter sp. 2017 2017 99% 0 96.49% 1431 MF289157.1 

Enterobacter hormaechei subsp. xiangfangensis 2017 2017 98% 0 96.71% 1274 ON038428.1 

Enterobacter kobei 2017 2017 99% 0 96.49% 1476 KY287933.1 

Enterobacter sp. 2017 2017 99% 0 96.49% 1477 OK325979.1 

 

 

 
 

 
 

Figure 2. Phylogenetic tree  construction of both isolates: A. SRL40-1-3, and B. SRL40-2-1 

 

 

 

Separation of starch from sago waste 

The results showed that sago waste contains 19.73% 

starch, indicating its potential for application despite its 

neglect in the industry. However, there is a discrepancy 

when compared to the past study by Susanto et al. (2024), 

which reports a starch content of approximately 60%. This 

variation in results can be attributed to differences in 

methods and sample collections. 

A 

B 
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Differences in the type of sago investigated, the waste-

processing method, or the environmental conditions during 

waste generation can cause variations in results. Therefore, 

further studies are recommended to clarify the elements 

influencing starch concentration in solid sago waste. This 

study supports previous results and lays the groundwork for 

developing more effective methods for using sago waste as 

a starch source, which is relevant across several industrial 

sectors, including food production, bioenergy, and raw 

materials for biotechnological products. 

Optimization of α-amylase enzyme production 

Determination of enzyme activity at the optimum starch 

concentration 

Figure 3 shows the relationship between starch 

concentration and α-amylase enzyme activity produced by 

every isolate. The results show that SRL40-1-3 achieved the 

optimal starch content of 1.25%, suggesting that α-amylase 

production was most efficient at this concentration. This 

suggests that isolate SRL40-1-3 had a better capacity to 

break down starch at 1.25% due to more favorable enzyme 

activity or increased substrate availability. 

In comparison, SRL40-2-1 shows a lower optimum 

starch concentration of 0.75%. This isolate produced more 

α-amylase enzyme at lower starch concentrations than 

SRL40-1-3. Starch functions as a carbon source and α-

amylase enzyme inducer in the growth of amylolytic bacteria, 

thus affecting bacterial growth and α-amylase production 

(Arfah et al. 2020). Figure 3 shows a difference in α-amylase 

production at each starch concentration in the media. The 

highest α-amylase activity indicates that the optimal 

concentration of starch to add has been reached. The same 

case also happened to Bacillus licheniformis and Bacillus 

subtilis (Msarah et al. 2020), B. amyloliquefaciens (Pham 

et al. 2021), B. velezensis 2% (Bhatt et al. 2020) with 

optimum starch concentrations of 1%, 1%, and 2%, 

respectively. The differences in results can be attributed to 

alterations in each isolate's metabolic pathways and to the 

efficacy of the enzymes produced. Optimizing substrate 

concentration maximizes enzyme production, improving 

the efficiency of biotechnological operations using α-

amylase in food, animal feed, and bioenergy industries. 

Determination of enzyme activity on the optimum CaCl2 

concentration 

Figure 4 shows the effect of various CaCl2 

concentrations on the produced enzyme activity by all 

isolates. The study found that the optimum CaCl2 

concentration for isolate SRL40-1-3 was 0.12%, as shown 

by the highest enzyme activity. This shows that CaCl2 can 

operate as a cofactor, increasing enzyme activity and 

improving metabolic efficiency. 

SRL40-2-1 showed an optimum CaCl2 concentration of 

0.08%, significantly different from SRL40-1-3. Variation 

in the result may be due to the alterations in each isolated 

biological system or metabolic pathway. The addition of 

calcium ions can increase α-amylase activity (Arfah et al. 

2020). This is because calcium ions act as both stabilizers 

and activators of amylase. The addition of calcium ions 

after the optimum concentration is reached causes a 

decrease in amylase enzyme α-activity because too high a 

calcium concentration can inhibit bacterial growth and α-

amylase enzyme production (Arfah et al. 2020; Pham et al. 

2021). The addition of CaCl2 to the production of α-

amylase enzyme by B. amyloliquefaciens was (Pham et al. 

2021), B. atrophaeus (Abd-Elaziz et al. 2020), B. 

tequilensis (Paul et al. 2020) shows the same trend as the 

optimum CaCl2 concentrations of 0.02%, 0.02%, and 0.1%, 

respectively. These data provide insights into how 

environmental variables might influence enzyme activity 

and production of each isolate. 

Determination of enzyme activity at the optimum fermentation 

time 

Figure 5 shows the optimal fermentation time for starch 

and the relationship between time and α-amylase enzyme 

output for each strain. After 42 h of fermentation, SRL40-1-

3 generates α-amylase with the best efficiency. The short 

fermentation time indicates that SRL40-1-3 had a faster 

metabolism or a better capacity to respond to environmental 

changes, thereby enabling optimal enzyme synthesis. 

 
 

 

 
 

Figure 3. Determination of enzyme activity at the optimum starch 

concentration 

 

 

 

 
 

Figure 4. Determination of enzyme activity on the optimum 

CaCl2 concentration 
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SRL40-2-1 has a slightly longer optimum fermentation 

time of 45 h. This suggests that SRL40-2-1 will take longer 

to reach optimal enzyme production levels due to slower 

cell growth or more effective substrate breakdown. The 

difference in fermentation time is influenced by various 

factors related to the biological characteristics of each 

bacterium and the fermentation environment conditions. 

Each species or strain of amylolytic bacteria has a different 

growth rate. Bacteria that grow faster will reach the 

exponential phase and the enzyme production phase 

(including amylase) earlier, so that the fermentation time is 

shorter (Bhatt et al. 2020). Adaptability to the fermentation 

environment also affects the optimum fermentation time. 

Some bacteria adapt more quickly to environmental 

conditions such as oxygen levels, osmotic pressure, or 

inhibitory compounds. Bacteria that do not adapt soon will 

take longer to start producing (Pham et al. 2021; Rajesh 

and Gummadi 2022). This results in a difference in optimal 

fermentation time between isolates SRL40-1-3 and SRL40-

21. Previous studies have also shown differences in 

fermentation time, even though they come from the same 

genus, such as B. licheniformis, which was 36 h (Fincan et 

al. 2021), Bacillus sp. 48 h (Rajesh and Gummadi 2022), B. 

licheniformis and B. subtilis 48 h (Msarah et al. 2020), B. 

amyloliquefaciens 96 h (Pham et al. 2021), Bacillus velezensis 

86 h (Bhatt et al. 2020). These results provide valuable 

insights into fermentation dynamics, particularly how each 

isolate responds to different fermentation conditions. 

Characterization of α-amylase crude enzyme 

Effect of pH on enzyme activity 

Figure 6 shows the effect of pH on α-amylase activity, 

indicating the relationship between high pH and α-amylase 

activity for each isolate. 

Figure 6 shows that crude α-amylase enzyme extracts 

from isolates SRL40-1-3 and SRL40-2-1 exhibit higher 

activity at high pH, peaking at 6. The pH value can affect 

α-amylase enzyme activity because enzymes have specific 

three-dimensional structures that depend on environmental 

conditions, including pH. α-amylase has an optimum pH of 

6-7, where the enzyme is in its most stable and efficient 

state for catalyzing the reaction. If the pH is too low 

(acidic), excess hydrogen ions (H⁺) can disrupt hydrogen 

bonds and ionic interactions within the enzyme, leading to 

denaturation or changes in the enzyme's active site that 

prevent proper substrate binding. Conversely, if the pH is 

too high (basic), high concentrations of hydroxide ions 

(OH⁻) can also damage the enzyme structure and disrupt 

the charge on important amino acids, thereby reducing or 

even stopping the enzyme's catalytic activity (Al-Agamy et 

al. 2021; Balakrishnan et al. 2021). Previous research also 

showed that the optimum pH of the amylase enzyme ranges 

from 6-7, such as B. licheniformis and B. subtilis, which 

was 6 (Msarah et al. 2020), Aspergillus oryzae 6 

(Balakrishnan et al. 2021), B. amyloliquefaciens 7 (Pham et 

al. 2021), and Bacillus sp. 5 (Rajesh and Gummadi 2022). 

Beyond the optimal pH, the enzyme's activity tends to 

decrease due to structural changes or ionization effects. 

This behavior is similar to α-amylase enzymes from 

diverse microbial sources, which typically show maximal 

activity in slightly acidic to neutral pH ranges. 

Effect of substrate concentration on enzyme activity 

Figure 7 shows that the activity of the α-amylase enzyme 

in crude extracts increases with substrate concentrations. 

The enzyme activity of SRL40-1-3 peaks at a substrate 

concentration of 0.015%, while SRL40-2-1 reaches its 

maximum at 0.01%. Starch concentration can affect the 

activity of the α-amylase enzyme because the enzyme 

works by binding the substrate (in this case starch) to its 

active site to initiate the hydrolysis reaction. If the starch 

concentration is too low, the number of substrate molecules 

available to interact with the enzyme is also small, so the 

reaction rate becomes slow because many enzymes do not 

work optimally. Conversely, if the starch concentration is 

too high, all active sites of the enzyme will be quickly 

saturated by the substrate. Once the saturation point is 

reached, further addition of starch will not increase the 

reaction rate because the enzyme has worked at maximum 

capacity (Bangar et al. 2022; Shen et al. 2022). In addition, 

too high a substrate concentration can cause an increase in 

the viscosity of the solution, which can inhibit diffusion 

and reduce the efficiency of contact between the enzyme 

and the substrate (Arfah et al. 2020).  
 

 

 

 
 

Figure 5. Determination of enzyme activity at the optimum 

fermentation time 

 

 

 

 
 

Figure 6. Effect of pH on enzyme activity 
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Figure 7. Effect of substrate concentration on enzyme activity 

 

 

 

 
 

Figure 8. Effect of temperature on enzyme activity 

 
 

 

The optimum concentration of rice in this study differs 

quite significantly from previous studies, such as the optimum 

starch concentration for each B. licheniformis, B. cereus, 

and B. subtilis was 1% (Bello et al. 2021), E. hormaechei 

3%, B. cereus 3% (Arekemase et al. 2020). Beyond these 

doses, enzyme activity is expected to peak or decline due to 

substrate saturation, which occurs when all active sites are 

occupied. 

Effect of temperature on enzyme activity 

Figure 8 shows that the activity of the α-amylase enzyme 
in crude extracts increases with increasing temperature. 

Both SRL40-1-3 and SRL40-2-1 exhibit peak activity at 

50°C, indicating that this temperature is optimal for 
catalytic efficiency. Temperature affects the activity of the 

α-amylase enzyme by altering the speed of molecular 
motion and the stability of its structure. At too low 

temperatures, the kinetic energy of the molecules decreases, 

reducing the frequency of collisions between the enzyme 
and the substrate and slowing the reaction rate. Conversely, 

at too high a temperature, the enzyme's three-dimensional 
structure can be disrupted by breaking non-covalent bonds, 

such as hydrogen bonds and hydrophobic interactions, 

leading to enzyme denaturation. When an enzyme is 
denatured, the shape of its active site changes, preventing it 

from binding specifically to its substrate and ultimately 

reducing or stopping enzyme activity (Farooq et al. 2021). 
An optimum temperature is needed for the enzyme to 

function optimally without losing its stability. The other 
studies showed the optimum temperature for B. licheniformis 

and B. subtilis was 65°C (Msarah et al. 2020), A. oryzae 

55°C (Balakrishnan et al. 2021), B. amyloliquefaciens 45°C 
(Pham et al. 2021), and Bacillus sp. 50°C (Rajesh and 

Gummadi 2022). However, exceeding the temperature can 
cause reduced enzyme activity due to denaturation, a 

process in which the protein structure loses its functional 

conformation. This temperature-dependent response shows 
the isolates' thermophilic characteristics, which are 

conducive to elevated temperatures. 

In conclusion, this study successfully identified two 

significant activity strains of amylase-producing bacteria. 

Isolates SRL40-1-3 and SRL40-2-1 showed high 

amylolytic activity, with SRL40-2-1 and SRL40-1-3 

having a clear zone of 5.1 cm and 4.0 cm, respectively. The 

morphological results showed that SRL40-1-3 was spiral-

shaped and SRL40-2-1 was coccoid-shaped. Both isolates 

were classified as Gram-positive bacteria with different 

morphologies. Furthermore, biochemical tests revealed 

metabolic differences, with only SRL40-1-3 demonstrating 

the potential to use citrate as a carbon source. In sugar 

media, both isolates showed the capacity to ferment. 

Molecular identification confirmed that both isolates 

belonged to the genus Enterobacter; SRL40-1-3 was 

Enterobacter sp., and SRL40-2-1 was E. hormaechei. The 

results showed that the starch level of sago waste was 

19.73%, providing fresh opportunities for future applications. 

The optimum conditions for α-amylase production were 

1.25% starch, 0.12% CaCl2, 42 h for Enterobacter sp., and 

0.75% starch, 0.08% CaCl2, 45 h for E. hormaechei. 

Despite the significant contribution, this study had 

limitations, including the need to further purify the isolated 

α-amylase to achieve the required purity for biotechnological 

applications. Therefore, future studies should focus on 

further enzyme purification and on validating bioactivity 

through biotechnological applications such as bioenergy, 

food, and drink products, as well as their derivatives.  
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