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Screening of Amylase Activity of Bacteria Isolated from Soil Sample of Panchor Hot Spring, Sarawak 
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ABSTRACT 

Bacteria living in the soil are capable of synthesizing different type of enzymes that are vital in many 
biochemical processes. Amylase, known as starch hydrolysing enzyme, is one of indispensable enzyme which 
can be naturally produced by many bacterial species. The discoveries of the amylolytic microbial species will 
help to boost the advancement of enzyme exploitation in many biotechnological based industries especially in 
Sarawak. Thus, the aim of this research is to isolate the pure microbial strain from the soil sample at selected 
site of Panchor Hot Spring and screen for the potential amylase activity. In this study, three pure isolates were 
successfully isolated using nutrient agar and all tested isolates showed amylase activity when screened with 
starch hydrolysis assay. The rate of amylase activity of amylolytic strains was analysed by using 3,5-
dinitrosalicylic (DNS) assay resulting in the highest activity by E1 isolate which was 143.85 U/ml. In 
conclusion, amylase producing bacteria was successfully isolated from soil sample of Panchor Hot Spring, 
however its enzymatic potential must be further studied before it can further be utilised for many industrial 
applications. 

Keywords: amylase enzyme, amylolytic strains, isolate, soil, starch. 

 

ABSTRAK 

Bakteria yang hidup di dalam tanah mampu mensintesis pelbagai jenis enzim yang penting dalam banyak 
proses biokimia. Amilase, dikenali sebagai enzim penghidrolisis kanji, adalah salah satu enzim yang sangat 
diperlukan yang boleh dihasilkan secara semula jadi oleh banyak spesies bakteria. Penemuan spesies mikrob 
amilolitik akan membantu meningkatkan kemajuan eksploitasi enzim dalam banyak industri berasaskan 
bioteknologi terutamanya di Sarawak. Oleh itu, tujuan penyelidikan ini adalah untuk memencilkan mikrob 
tulen daripada sampel tanah di tapak Kolam Air Panas Panchor terpilih dan menyaring potensi aktiviti 
amilase. Dalam kajian ini, tiga pencilan tulen telah berjaya diasingkan menggunakan agar nutrien dan semua 
pencilan yang diuji menunjukkan aktiviti amilase apabila disaring dengan ujian hidrolisis kanji. Kadar aktiviti 
amilase strain amilolitik dianalisis dengan menggunakan ujian 3,5-dinitrosalicylic (DNS) yang menghasilkan 
aktiviti tertinggi oleh isolat E2 iaitu 143.85 U/ml. Kesimpulannya, bakteria penghasil amilase telah berjaya 
diasingkan daripada sampel tanah Air Panas Panchor, namun potensi enzimatiknya mesti dikaji lebih lanjut 
sebelum ia boleh digunakan untuk banyak aplikasi industri. 

Kata kunci: enzime amilase, kanji, strain amilolitik.  tanah,  
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CHAPTER 1: INTRODUCTION 

Soil is a unique territory that sustains a broad range of microbes to preserve the 

ecosystem’s balance. These bacteria are the primary sources of enzymes, which have been 

discovered as critical biomolecules in a number of industrial operations. Enzymes can be 

naturally produced inside the living cells of living organisms such as humans, plants, animals 

as well as microorganisms. According to Niyonzima et al. (2019), extracellular enzymes 

produced by bacteria have recently become a research topic of prime focus as it can be 

generated quickly with desirable properties and more stable compared to chemical catalysts. 

In fact, earlier literatures also highlighted that some microbes like Pseudomonas sp., 

Escherichia coli and Micrococcus have been widely isolated to synthesize enzymes like 

amylase, cellulase and proteases. 

 Amylase, known as starch hydrolysing enzyme, is one of the industrially important 

enzymes that contributes about 65% of the global enzyme market (Aarti et al., 2020). 

Amylase have attracted the attention of global experts due to its massive exploitation in a 

wide range of industrial applications, including paper and food processing, baking, textiles, 

starch, detergent manufacturing, and bioethanol synthesis and paper products (Gurung et al., 

2013). Moreover, microbial amylases are extremely valuable in many biotechnological 

based industries due to qualities such as mass production and ease of genetic modification 

(Pranay et al., 2019). Recent research also has demonstrated the application of amylase 

producing microbes in the food processing and pharmaceutical sectors as an alternative to 

chemical hydrolysis of various raw materials (Awatshi et al., 2018).   
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Although amylase can be produced from a variety of microbes, Bacillus strains 

including Bacillus amyloliquefaciens, Bacillus stearothermophilus and Bacillus 

licheniformis are commonly exploited at industrial level to generate α-amylase to meet 

increasing economic demands (Gurung et al., 2013). As these bacterial strains are easy to be 

manipulated, it is considered advantageous especially in bulk processing of starch-based 

industries as it reduces the production costs (Aiyer, 2004). Therefore, there is a growing need 

to explore amylase production from different microbial sources to fulfil the industrial 

demands for the economic growth.  

In Malaysia, the exploitation of amylase-producing bacteria has caused a major 

interest in scientific studies given its importance as biocatalysts. Hot springs have been 

recognised as a rich source of bacteria that can withstand extreme circumstances. Panchor 

Hot Spring, located in Sarawak provides a good opportunity to discover the potential 

amylolytic microbes isolated from hot spring environment. In addition, no study reported on 

amylase-producing bacteria from the soil sample of Panchor Hot Spring. Therefore, by 

isolating bacteria from hot spring environment and screening their amylase activities, it 

would help to extend the information on amylase producing bacteria and it would also be 

beneficial for future research into their applications in variety of industries. 

This research focuses on the amylase activity of bacteria isolated from soil samples 

of Panchor Hot Spring. The focus of the enzyme analysis is on mesophiles which exhibit 

amylolytic properties. Hence, this research is designed to fulfil 2 main objectives: 

I. To isolate the bacteria from soil sample collected at selected sites of Panchor 

Hot Spring Kuching, Sarawak 

II. To screen for amylase activities of isolated bacteria by using starch hydrolysis 

assay and DNS assay techniques.  
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CHAPTER 2: LITERATURE REVIEW 

2.1.  Soil in The Living Ecosystem 

 Soils, one of the natural elements of earth are known as dynamic, complex 

and biogeochemical systems that carry a significant value to many types of living 

organisms including humans. In plants, soils serve as a medium growth which 

naturally offer physical support, nutrients, oxygen, and water for the plant’s 

development (Sposito, 2021). Various soil types are the resultant of the interactions of 

several factors which are parent material, climate, topography (relief) and organisms 

that happen over time (Coleman, Callaham & Crossley, 2018). These geological and 

biological factors, therefore, making soils greatly differ in terms of thickness, textures, 

porosity, and chemical content.  

Soil comprises of mainly organic matter, disparate ingredients, minerals, 

inorganic particles, and microflora species that serves as a natural medium for 

numerous chemical mechanisms and metabolic pathways in the living organisms (Al-

Dhabi et al., 2016; Aarti et al., 2020). For instance, natural processes like secondary 

metabolites generation, nitrogen fixation and organic materials degradation take place 

in soil in response to interaction between living things (Imadi et al., 2016). On top of 

that, soil is also vital for various population of microorganism as it sustains the 

microbial growth by providing nutrients like carbon and nitrogen.  
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Soil are one of the major sources of microbes, as a teaspoon of soil can contain 

more bacteria than individuals around the world (Hoorman & Islam, 2010). Invisible 

organisms such as viruses, protists, archaea, bacteria, and fungi are commonly found 

in soil microflora that can thrive in the soil microenvironment (Fierer, 2017). The 

microbial survival is particularly due to soil heterogeneity in oxygen saturation, 

moisture, pH, nitrogen concentration and salinity. Moreover, experts have recognized 

the significant roles of bacteria in maintaining soil fertility and sustaining a cleaner 

ecosystem (Archana et al., 2015; Imadi et al., 2016). Most eminently, soil-borne 

bacteria are massive enzyme producers which have been exploited in various 

biotechnology-based industries.  
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2.2.  Panchor Hot Spring 

Panchor Hot Spring (N 01º15’16.9”, E 110º26’50.7”) in Figure 2.1 is located 

near Kampung Panchor Dayak in the Serian District and it takes around one hour 

from UNIMAS. The water source at the Panchor Hot Spring is from a pool in the 

wetland that lies beneath the Padawan formation’s sedimentary rocks. The water 

temperature of Panchor Hot Spring is estimated to be about 42˚C on average.  

Panchor Hot spring is one of the main attractions for tourists, therefore several 

studies have been done within this area. This includes the study of tourism activities, 

water quality and bacterial isolation for thermophiles analysis. Moreover, it has been 

demonstrated that novel and enzymatic producing microbes with unique 

characteristics might be isolated from the hot spring environment (Pacawadee et al., 

2008). However, the enzymatic potentials of the bacteria isolated from the Panchor 

Hot Spring has not been well studied. 

 
Figure 2.1 Map view of the study area, Panchor Hot Spring                                         

(Source: Google map). 
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2.3.  Enzyme Producing Bacteria 

 A bacterial cell has over a thousand distinct enzymes that are naturally released to 

assist the biological processes inside bacteria systems. The microbial enzyme synthesis is 

mainly focusing on the simple hydrolytic enzymes like amylases, proteases and cellulases 

that can degrade natural polymers such as starch, proteins, and pectin (Renneberg et al., 

2017). The idea of utilizing microbes as a biological source of industrially valuable enzymes 

has garnered attention in the manipulation of extracellular enzymatic activity in a variety of 

microorganisms. 

Some microbial strains such as Pleurotus florida, Chromohalobacter, Aspergillus 

sp., and Micrococcus sp., are respectively known as laccases, amylases, cellulases and 

xylanases producers (Singh et al., 2019). Moreover, some thermophiles are also recognized 

as potential microbes that are capable of synthesizing thermostable enzymes. Enzyme Taq 

DNA polymerase isolated from Thermus aquaticus, for example, is commercially used in 

DNA amplification technique of polymerase chain reaction (PCR). 

Microbial enzymes are particularly intriguing biocatalysts that have been intensively 

explored due to their benefits over conventional chemical catalysts, such as higher 

specificity, cost-effective and can be utilized under mild reaction conditions (Gupta, 2014). 

In addition, many microbial enzymes can efficiently transform hazardous substances, 

including phenolic groups, carboxylic groups, amines, and nitriles, into valuable by-

products, either through bioconversion processes or biodegradation (Singh et al., 2019).  
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Through years, many studies have been done by researchers to maximize the 

production of industrially important microbial enzymes by developing advanced 

recombinant DNA technologies. Sanchez and Brahmachari (2016) reported that recombinant 

enzymes are expected to supply between 50-60% of the global enzyme market. Microbial 

enzymes are significant in plethora of biotechnological industries such as paper production, 

leather processing, pharmaceutical, bio-bleaching of pulp, textile, starch industries as well 

as waste management.  
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2.4.  Extracellular Enzymes:  Amylase 

 Enzymes are a type of proteins that act as biological catalyst and has a significant 

role in many biochemical reactions and metabolic processes in living organisms. Enzymes 

can be divided into two categories, which are intracellular enzymes and extracellular 

enzymes. Intracellular enzymes like ATP synthase and RNA polymerase, are specifically 

produced inside the living cells and function to regulate the chemical reactions happen inside 

the organism.  

Extracellular enzymes, also known as exoenzymes are the type of enzymes that 

synthesized by the cells to be utilized in external biochemical reactions (The Editors of 

Encyclopaedia Britannica, 2017). On top of that, most of the extracellular enzymes are 

significantly valued in numerous industrial processes as they are being utilized as organic 

biocatalyst (Nigam, 2013).  

 Amylase is one of extracellular enzymes which was discovered in the early 

1800s and is regarded as one of the earliest enzymes to be scientifically studied (Akinfemiwa 

& Muniraj, 2021). Amylase enzyme is also found in human saliva and known as diastase 

enzyme which breaks down starch molecules into sugar form (Karnwal and Nigam, 2013). 

Mechanism of amylase enzymes commonly takes place on α-1,4 glycosidic bonds of 

amylopectin which are held together to form starch polysaccharides as shown in Figure 2.2 

(Khan and Priya, 2011).  

Due to enzyme reaction specificity and ability to hydrolyse polysaccharides, amylase 

has been fully utilised in starch processing industries like textile, brewing, food, 

pharmaceutical industries, and so on. For instance, amylase is beneficial in the production 

of fructose corn syrup, fermentation of beverages, downsizing of fabrics and reduction of 

starch viscosity (Karnwal and Nigam, 2013; Alves et al., 2014; Sharma et al., 2015). 
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Figure 2.2 The molecular structure of starch components, amylopectin (Kadokawa, 2013). 

Living organisms such as animals, plants and microorganism are among amylase 

producers. However, amylase derived from microbes are more ideal to meet the demand in 

biotechnological-based industries as it requires shorter period for bacterial growth, reduces 

labour work, has greater production rate, eco-friendly operation, economical and the 

bacterial genes are easy to be manipulated (Luang-In et al., 2019). Due to the increasing 

demand, more studies are still ongoing to discover bacterial strains that can generate more 

stable amylase with greater productivity at a lower cost (Yassin et al., 2021).  

Moreover, The Bacillus species, including B. halodurans, B. megaterium, B. 

vulgaris, B. mesentericus, B. subtilis, B. licheniformis, B. coagulans, B. cereus, B. polymyxa, 

B. stearothermophilus, B. amyloliquefaciens, and so forth, are reported as potent amylase 

producers (Singh et al., 2019). Other microbial species such as Lactobacillus sp., E. coli, and 

Proteus sp., have also been recognized as great amylase enzyme producers (Pokhrel et al., 

2013).  
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2.5.  Factors Affecting Enzyme Activity 

The activity of enzymes as biological catalysts is affected by several factors including 

environmental factors. Temperature and pH are among those mostly discussed parameters 

in determining enzyme productivity by bacteria. Each enzyme produced by either mesophilic 

or thermophilic bacteria has its own optimum temperature in order to work best on the 

substrates. A study reported by Singh et al. (2012), the highest amylase production obtained 

was at 35˚C by Bacillus sp., and the amylase activity decreases as the temperature increases.  

The optimum pH of enzymes is generally influenced by their habitat or regions where 

the enzyme originates. All organisms have different pH optimum values, and changes in pH 

on either side of the optimum value will result in poor microbial development (Singh et al., 

2012). It is reported that the highest pectinase activity by B. cereus is achieved at pH 8.5 

with temperature is around 37˚C (Namasivayam et al., 2011).  

Other factors affecting enzyme activity are also studied, this includes substrate 

concentration and incubation period (Hossain et al., 2021). Increasing the substrate will 

result in a higher rate of enzyme activity. However, enzymes will eventually become 

saturated due to excess substrate, therefore, resulting in constant rate activity.  

On the other hand, most studies suggest 24 hours to 48 hours incubation period on 

enzyme production. Hossain et al. (2021) conducted an experiment where it shows depletion 

in cellulase enzyme production after 48 hours. It can be suggested that the decrease in 

enzyme secretion by bacterial isolates is caused by the nutrient depletion in the culture media 

(Ariffin et al., 2006). 
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CHAPTER 3: MATERIALS AND METHODS 

3.1.  Soil Sample Collection 

 Soil samples used for the enzyme study were collected from Panchor Hot Spring 

Kuching, Sarawak. A region near the hot spring tub was chosen, and soil samples were 

collected at the depth of 5 cm of soil by using a spatula. A sterile 50 mL centrifuge tube was 

used to store the soil samples and placed inside an icebox during transportation. The tubes 

containing the soil sample was then placed in the laboratory freezer at 4˚C.  

3.2.  Bacteria Isolation and Preparation of Pure Culture 

Isolation of bacteria from soil samples was carried out using standard serial dilution 

method. Seven sterile test tubes containing 9 mL of distilled water were prepared, and 1.0 g 

of soil sample was mixed into a test tube labelled as 10-1. Then, the suspension was further 

diluted up to 10-6 fold dilution. The Nutrient Agar Medium (NAM) was used to grow 

potential isolates (Soy et al., 2019).  By using pour plate technique, 0.1 mL of each sample 

dilution was inoculated into freshly prepared NAM. After the media solidified, the plates 

were placed inside the incubator at 37˚C for 24 hours. After 24 hours, the colonies’ 

appearance was observed. Five isolates with morphological differences were selected and 

streaked on NAM to obtain pure cultures. These isolates were labelled as A2, B1, C1, D2 

and E1. The plates are then incubated for 24 hours at 37˚C.  
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3.3.  Qualitative Analysis of Amylase Enzyme Activity  

 The pure colonies, which were grown in NAM, were then screened to observe if they 

exhibit amylolytic properties. A single colony from A2, C1 and E1 were successfully 

isolated and were selected for amylase enzyme screening. The analysis of amylase synthesis 

was carried out by using Starch Agar Plate Assay, or also known as starch hydrolysis test 

(Vaikundamoorthy et al., 2018).  The commercial starch agar was consisted of 3.0 g/L beef 

extract, 2.5% agar, and 10.0 g/L starch soluble with pH 7.5.   

Next, the selected pure bacterial isolates were inoculated onto the media and 

incubated for 36 hours at 37˚C to allow amylase secretion. After 36 hours of incubation, the 

plates were then overflowed with Gram’s iodine (stored at room temperature) for 15 minutes 

to observe if the isolates were starch degrading isolates. After 15 minutes, the excess Gram’s 

iodine was then discarded. The clear halo zones production of the isolates was observed, 

indicating starch were degraded which were positive results. If there was no clear hydrolysis 

zone observed against blue-black coloration, the starch was not degraded by the isolates, 

therefore the result was negative.  

  


