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ABSTRACT 

Amylase is one of the most commercially valuable hydrolase enzymes which    

have been applied in various industries especially within starch processing industry. 

However, there are problems associated with the production of amylase such as high 

production costs. The study is carried out to investigate optimal amylase production by 

amylolytic Bacillus sp. under Solid-State Fermention (SSF) using cheap and abundance 

sago waste as substrates. Set of parameters including optimum incubation periods, 

optimum temperature, optimum pH, and optimum inoculums concentration are purposed to 

determine the optimal condition for the amylase production by the co-culture of amylolytic 

Bacillus sp. through enzymes activities test or enzymes assay. Results showed that Bacillus 

amyloliquefaciens UMAS 1002 and Bacillus licheniformis UMAS P7 are best amylase 

producing strains and the optimal condition for α-amylase production by co-culture of 

these Bacillus strains through SSF using sago waste are 37
o
C, acetate buffer with pH 7, 10% 

(v/v) of inoculums sizes and 3 days of incubation with 3.015 IU/ml of α-amylase 

production.   

Keywords: Amylase; SSF; Bacillus sp.; sago waste; optimal conditions. 

 

ABSTRAK 

 

 Amylase merupakan salah satu enzim yang paling bernilai di antara enzim-enzim 

hydrolase yang dikomersialkan dimana ia digunakan dengan meluas dalam pelbagai 

industri terutamanya dalam industri pemprosesan kanji. Namun demikian, terdapat 

banyak masalah yang dihadapi oleh industri-industri ini terutamanya dalam  kos 

penghasilan enzim amylase. Kajian ini dijalankan untuk mengkaji penghasilan optimum 

enzim amylase oleh Bacillus amylolitik di bawah fermentasi secara pepejal dengan 

mengunakan bahan buangan sagu yang murah serta banyak penghasilannya sebagai 

substrat. Set parameter termasuk tempoh pengeraman yang optimum, suhu optimum, saiz 

inokulum optimum dan pH optimum dicadangkan untuk mengenalpasti keadaan optimum 

bagi penghasilan enzim amylase dengan pengabungan antara Bacillus amylolitik menerusi 

kajian enzim. Keputusan kajian menunjukkan bahawa Bacillus amyloliquefaciens UMAS 

1002 dan Bacillus licheniformis UMAS P7 merupakan antara jenis Bacillus yang paling 

berproduktif dalam penghasilan α-amylase. Manakala keadaan optimum untuk 

pengabungan Bacillus ini adalah dibawah suhu 37
o
C, pH 7 dalam larutan penampan 

acetate, 10% (v/v) saiz inokulum dan pengeraman selama 3 hari dengan penghasilan 

amylase yang optimum sebanyak 3.015 IU/ml.   

Kata-kata kunci: Amylase, fermentasi secara pepejal, spesis Bacillus, bahan buangan sagu, 

keadaan optimum.  

 



   

2 
 

1.0 INTRODUCTION 

Amylase enzymes have getting a great deal of attention by either scientists or 

commercial participants recently due to their perceived technology significant and 

economic benefits. Amylases have been found to play important roles in varies industries 

such as food industries, textile industries (Buchholz et al., 2005), production of detergents 

(Burtis & Ashwood, 1999; Buchholz et al., 2005; Rodriguez et al, 2006), production of 

sugar and paper, brewing industries, distilling and pharmaceutical industries (Mamo et al,. 

1999; Pandey et al., 2000; Oudjeriouat et al., 2003).  

There are many previous researches papers have been published regarding of the 

substrates those have been utilized for the production of amylase enzymes. For example, 

soluble starch and complex raw materials such as maize, barley, wheat or malt, potatoes 

and others (Meers, 1972; Nagodawithana & Reed, 1993; Buchholz et al., 2005). However 

the production costs is the main problem regarding the utilization of these complex raw 

materials. As a result, recently, there are more concerns and attentions have been focused 

on utilization of organic wastes to be substrates of amylase production under Solid-State 

Fermentation (SSF).  

The utilization of organic wastes as substrates in SSF for the amylases production 

can be a solution to reduce the production costs and capital investment involved. Beside on 

that, the increasing of the awareness of the extreme increase of wastes materials and the 

important of waste management could be relevant reasons of utilization of organic wastes 

as substrate. Oyeleke et al., (2009; 2010) used the effluents of yam peel and cassava waste 

collected from local yam peel cassava dumpsite of Minna Niger state as substrates of the 

fermentation process.  Among the organic waste materials, the sago wastes have been state 

by Faisal and Awang (2006) as a high potential organic wastes for the fermentation process 
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using Bacillus sp. in order to produce amylase in Malaysia since sago starch industries are 

one of the main food industries in Malaysia especially East Malaysia.  

Sago wastes have been produced abundantly by sago starch industries and not 

managed with advanced ways in Malaysia. As result, sago wastes are one of food wastes 

those contribute to a lot of the environmental problems in Malaysia (Bujang et al., 1996; 

Apun et al., 2000; Faisal & Awang, 2006). Recently through biotechnology approaches, 

sago wastes have been employed as one of the potential substrates or raw materials for 

microbe’s degradation within the bioconversion and fermentation processes (Apun et al., 

2000; Faisal & Awang, 2006).  

Although sago wastes have been found with their economically and commercial 

values through fermentation process, however there is still lacking of the analytical data to 

support the valuable use of sago wastes as substrates for the amylase production especially 

under Solid-State Fermentation (SSF). Besides that, it is crucial also to have more data set 

in the identifying of the suitable microorganisms in the degradation of these sago wastes 

and also their growth and manipulation condition to produce desired amylase. Moreover, it 

is also crucial to optimize the amylase production from different organisms and conditions. 

The main and goals of this research project are characterize and analyze the 

production of α-amylase from different types of Bacillus sp. through the utilization of sago 

wastes as fermentation’s  substrates under Solid-State Fermentation (SSF). Therefore in 

order to achieve the aim, the specific objectives are to:     

i. Select the best and producible α-amylase producer among the investigated Bacillus 

sp.  

ii. Perform the Solid-State Fermentation (SSF) of the co-culture of selected Bacillus 

sp. using sago waste as substrates. 
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iii. Investigate set of optimal parameters influencing the α-amylase production in 

various types of Bacillus sp. using SSF. 
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2.0 LITERATURE REVIEWS 

 

2.1 Amylase:  

Amylase are the enzymes belongs to the hydrolyses classes to breaking down or 

hydrolysis the complex substrates-starch into simplified product- reducing fermentable 

sugar such as maltose and non fermentable or slowly fermentable dextrins (Oyeleke et al., 

2010). Amylases are among of the enzymes those are very important in food industry 

especially in processing of starch into glucose. Besides that, amylases also have been 

reported to be widely applied and used in the textile industries, production of detergents 

(Burtis & Ashwood, 1999), production of sugar, paper, brewing industries, distilling 

industries and pharmaceutical industries (Mamo et al., 1999; Pandey et al., 2000; 

Oudjeriouat et al., 2003). Generally, amylases have produced by these varies industries 

through Submerged-Liquid Fermentation (SmF). However, recently more researches are 

interested in the probability of using Solid-State Fermentation (SSF) instead of SmF.    

 

2.2 Solid-State Fermentation (SSF): 

 Solid-State Fermentation (SSF) is types of the fermentation processes which can be 

defined as insoluble substrate fermentation with adequate moisture (Faisal & Awang, 

2006). SSF employ solid organic substrances as substrates together with other liquid 

minerals and adequate water to form media for the microorganisms to growth, manipulates 

and fermentated (Wainwright, 1992). Amylases have produced usually by Submerged-

Liquid Fermentation (SmF) due to time and purity significant of the production. Recently 

more researches are interested in the probability of using SSF instead of SmF since SSF is 

significant in costs and procedures involved. Besides on that, the enzymatic reaction in the 

SSF also involve lower level of catabolite repressions and the products recovery are better 
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(Doelle et al., 1992; Babu & Satyanarayana, 1993; Mulimani & Patil, 2000; Ikram et al., 

2001; Baysal et al., 2002).  

 

2.3 Sago wastes: 

Substrates are another critical consideration during the production of amylases. 

General utilized substrates for amylases production under SSF are the complex organic raw 

material such as barley, yam, maize and so on (Meers, 1972; Nagodawithana & Reed, 1993; 

Buchholz et al., 2005; Oyeleke et al., 2010). However when consider on the high market 

price of these complex organic raw materials, it bring to more researches preferred in using 

organic wastes. 

Sago wastes wash out from sago starch industries are one of the potential organic 

waste which can be applying as the substrate for the fermentation process using Bacillus sp. 

in order to produce amylases in Malaysia (Faisal & Awang, 2006). More than 90% of the 

country sago starches productions have been know as supplied from the east Malaysia, 

Sabah and Sarawak (Bujang & Ahmad, 1999). As a result there are also a large number of 

the wastes materials have been produced and excreted from sago starch industry.  

Bujang et al., (1996) have reported that there are three general types of sago wastes 

have been determined from Malaysia sago starch industry. These sago wastes are starchy 

fibrous pith residues which are the final product from starch extraction process, 

decomposed fibrous waste such as composed pith residue and woody barks and waste 

effluent samples or waste water which containing large amount of pith residue and some 

unseparated starch (Bujang et al., 1996; Apun et al., 2000). Apun et al. (2000) stated that 

these sago wastes usually will be washed off into drain or streams as the waste water or 

may decomposed in the factories compound in the sago industries (Faisal & Awang, 2006). 

This will contribute to many environmental problems such as air pollution, water pollution, 
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and also environmental pollution (Bujang et al., 1996; Apun et al., 2000; Faisal & Awang, 

2006) which may further affect the stability of the ecosystem and spread of the diseases.  

No economical and commercial valuables application of sago wastes have been 

reported before except being used as animal feeds (Yeong & Ali, 1982) and soil 

conditioner (Bintoro & Sianapar, 1993) until it have been determine as potentials industrial 

wastes in bioconversion into value-added products such as sugar or glucose and other 

which are commercially demanded and economically valuable. Through biotechnology 

approaches, sago wastes have been employed as substrates or raw materials for microbe’s 

degradation within the fermentation processes (Apun et al., 2000; Faisal & Awang, 2006).  

 

2.4 Bacillus sp. specifically on amylase production. 

Producers are also another important consideration for the amylases production. 

There are many organisms have been identified to have an abilities in producing amylases 

enzymes since the amylases are the enzymes that hydrolyzes main energy nutrient, starch 

and glucose.  

Amylases have been reported to produce by fungi and bacteria sp. such as 

Saccharomycopsis capsularia, Bacillus sp., Aspergillus sp. (Alva et al., 2007; Raza et al., 

2011) and Clostridium sp. (Mrudula et al., 2011) through SSF using agro-industrial residue 

(Modi et al., 1994). There is a great deal of attention on the production of enzymes 

including amylases enzymes especially by the thermophilic microorganisms in order to 

produce enzymes with the novel characteristics such as thermastable amylase for textile 

industies (Buchholz et al., 2005; Ajayi & Fagade, 2006; Oyeleke & Oduwole, 2009). 

Regarding with this, bacteria especially from the Genus Bacillus are the main target of the 

recent researches in order to produce thermostable amylases enzyme to advanced the 

industrial processes employ high temperature since enzymes produced by bacteria are 
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more thermostable comparing to the enzymes produced by fungal (Nagodawithana & Reed, 

1993). Beside on that, there are researches paper shows that some Bacillus sp. had undergo 

genetic engineering and recombinant DNA processes to alter their gene structure to 

increase the thermostability of their amylases (Rodriguez et al, 2006). Bacillus sp. also 

been reported by some research to be more preferred in α-amylases under SSF, since 

Bacillus sp. are most studied and also they are more survival in low moisture content (Das 

et al., 2011). The example of Bacillus strains those have been applied in α-amylase 

production are Bacillus coagulans, Bacillus sp. HOP-40, Bacillus megaterium 16M, 

Bacillus subtilis (Ulger & Cirakoglu, 2001; Kokab et al., 2003), Bacillus licheniformis 

(Niaz et al., 2010), Bacillus cereus (Anto et al., 2006; Singh et al., 2010), Bacillus 

amyloliquefaciens (Gangadharan et al., 2006; Zar et al., 2012) and others (Das et al., 2011; 

Hashemi et al., 2011; Ibrahim et al., 2012).  

There are three Bacillus strains have been supplied for this research project in order 

to determine their ability in production of amylase enzyme. These Bacillus sp. are Bacillus 

amyloliquefaciens UMAS 1002, Bacillus cereus and Bacillus licheniformis UMAS P7.   
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3.0 MATERIALS AND METHODS 

 

3.1.0 Laboratory Preparation 

3.1.1 Bacillus sp. consortium cultures 

Three different Bacillus sp.: Bacillus amyloliquefaciens UMAS 1002; Bacillus 

licheniformis UMAS P7 and Bacillus cereus which used in this research project were 

getting from the stock cultures from Genetic Molecular Laboratory (GML), UNIMAS.   

Then Bacillus sp. were subcultured into Luria Broth (LB) prepared in conical flasks (each 

Bacillus strains) and bijou bottles (2 replicates for each Bacillus strains) (Appendix 2.1.1) 

under lamina flows or aseptic conditions using transfer loop. Then all inoculated flasks and 

bijou bottles were incubated on the 121 rpm shaker under 37
o
C for overnight or 24 hours. 

The inoculated flasks were used in Section 3.1.3 and 3.1.4 and inoculated bijou bottles 

were used in Section 3.1.2. 

 

3.1.2 Glycerol stock cultures 

Overnight Bacillus cultures in Section 3.1.1 were added into the glycerol solution prepared 

(Appendix 2.2.1) (duplicate for each Bacillus sp.). Then all ultra-centrifuge tubes with 

inoculums were stored in the -20
o
C refrigerator as stock cultures. The subculture of stock 

culture was done every 1-3 month. 
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3.1.3 Working cultures 

Working cultures were prepared by inoculated the overnight Bacillus cultures prepared in 

Section 3.1.1 onto Luria Broth Agar (LBA) plates (Appendix 2.1.1) through streaking 

under lamina flows. After that, all the LBA plates with inoculation were sealed and 

incubated in 37
o
C incubator for 24 hours or overnight. After 24 hours, the LBA plates then 

were placed into the -4
o
C refrigerator as a working cultures and subculture done for every 

2 weeks.    

 

3.1.4 Inoculums cultures 

Inoculums cultures were prepared by resuspend the Bacillus cultures in the flasks prepared 

in Section 3.1.1 into the sterile Falcon tubes first through centrifugation under 5000rpm for 

10min. Then supernatant was discarded and subcultured by adding inoculums media 

prepared (Appendix 2.1.5). After that, the inoculums cultures were vortex and incubated 

for 1~2 hours on 121 rpm shaker in 37
o
C incubator. After 1~2 hours, adjusted O.D. 

inoculums cultures (O.D600~1.0) were added into MSA prepared (Appendix 2.1.3) using 

streaking needle and incubated under 37
o
C incubator for used in Section 3.2.1. Besides 

that, inoculums cultures also added into FM used in Section 3.2.2 accordingly for all 

optimization procedures in Section 3.3.0.  
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3.2.0 Experimental Designs 

 

3.2.1 Conformation of Amylolytic Bacillus sp. 

The amylolytic Bacillus sp. was confirmed twice in conformation procedures by using 

Iodine solutions prepared (Appendix 2.2.2) base on method proposed by Apun et al. (2000) 

with some modification. First screening test procedures was carry out in order to screen out 

amylase production among three Bacillus strains and most producible Bacillus strains were 

then used in fermentation process in Section 3.2.2 to optimize the parameters in Section 

3.3.0. The most producible Bacillus strains also used in second confirmation procedures to 

briefly determine the amylase production condition by these Bacillus strains.  

Iodine solution was pipette and flooded onto the MSA produced (Appendix 2.1.3) with the 

inoculums. Then halo zone produced were measured. The most producible Bacillus strains 

were then proceed to second confirmation procedure by incubated with different 

temperatures (27
o
C, 37

o
C, 47

o
C and 57

o
C) and incubation periods (1-3 days). After that, 

iodine solution prepared (Appendix 2.2.2) was flooded into the MSA and halo zone 

produced were measured. 

 

3.2.2 Fermentation Condition 

The investigation for amylase enzymes production by Bacillus sp. were performed based 

on the method stated by Niaz et al., (2010); Anto et al. (2006); Gangadharan et al. (2006)  

with slightly modification. Fermentation media prepared (Appendix 2.1.4) with 5 g sago 

hampas were added into 250ml shaker flasks. Then inoculums cultures with most 

producible Bacillus strains (Section 3.2.1) (O.D~ 1.0) were added and incubated with 

specific conditions as stated in Section 3.3.0 (duplicate for each parameter) to optimize the 

parameters for amylase production. After each parameter, the fermentation flasks were 
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added with 25ml of extraction buffer prepared (Appendix 2.2.4) and shake with 140rpm 

shaker for about 1 and half hours. Then, filtered with Watman no.1 filter papers and 

centrifuged under 5000rpm using centrifuge KUBOTA 7820 for 15 min. After 

centrifugation, the supernatants were collected and used as crude enzymes for enzymes 

assay in Section 3.2.3. 

 

3.2.3 Enzymes Assay 

The DNS method used here was originally described by Bernfeld (1955) with some 

modification. All crude enzymes harvested in Section 3.2.2 for all parameters (Section 3.3) 

were undergoing the enzymes activity analysis process or enzymes assay to determine 

enzymes activity to imply the optimal amylase production for each parameter. 1ml of crude 

enzymes harvested from each parameter was added into small Falcon tubes with 1ml of 

phosphate buffer for enzyme assay prepared (Appendix 2.2.5) (each parameter done in 

triplicates). Then the tubes were incubated in water bath with 37
o
C for 15min. The 

reactions were stop by adding 1ml of DNS reagents prepared (Appendix 2.2.3) and boiled 

for 10min. After boiling, 1ml of Rochelle salt prepared (Appendix 2.2.6) added into each 

tubes follow by 10ml of distilled water (dH2O) and vortex. The reading of light absorbance 

of the mixtures were measuring with wavelength 540nm using UV-spectrophotometer. 

Then enzymes activities of the amylase production were calculated with the aid of a 

standard calibration curve (glucose standard), Figure 9 (Appendix 1) and formula 

(Appendix 3). One International Unit (IU) of each enzyme was defined as the activity that 

produced 1µmol of glucose equivalents per minute under the above assay conditions.   

The blink was prepared by using denaturated crude enzymes which had been boiled for 

10min and more.   
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3.2.4 Glucose Standard Curve 

The glucose standard curve was prepared in order to estimate the amount of glucose 

produced by Bacillus sp. during fermentation process. The procedures to prepare Glucose 

standard curve were similar as enzymes assay in Section 3.2.3 through DNS method by 

replacing the crude enzymes with different known amounts of glucose solution as state in 

Table 1 (Appendix 1). The glucose stock solution used was 2mg/ml.  The standard curve 

produced (Figure 9-Appendix 1) were used as a guidance for calculate the values of 

enzyme activity obtained from Section 3.2.3. 

 

3.3.0 Optimization of Amylase Production Parameters  

The main purpose of this research project was to investigate optimal condition in order to 

maximize the amylase production by the co-culture of Bacillus sp. using solid-state 

fermentation (SSF).  Four parameters were investigated to optimize the amylase production 

based on the method stated by Niaz et al., (2010); Anto et al. (2006); Gangadharan et al. 

(2006). These conditions were: optimal incubation periods, optimal temperature, optimal 

pH, and optimal inoculums sizes. All enzymes produced were used as crude enzymes in 

the enzymes activity analysis procedure (Section 3.2.3) to determine the optimal enzymes 

activities by comparing each variety within each condition.  
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3.3.1 Effect of Incubation Period 

The experiment was carry out as stated in fermentation condition, Section 3.2.2  state 

above with the standard condition: pH 7.0, room temperature (~27
o
C), 10% (v/v) 

inoculums size and 5 g sago hampas for various incubation periods: 1 day, 2 days, 3 days 

and 4 days. After each of incubation periods, crude enzymes from each flask (3 flasks) 

were extracted and analysis through enzyme assay stated in Section 3.2.3. 

 

3.3.2 Effect of Temperature 

The experiment was carried out as stated in the Fermentation condition, Section 3.2.2 

stated above with the condition: pH 7.0, 10% (v/v) inoculums size and 5 g sago hampas 

under varies temperature ranges: room temperature (~27
o
C), 37

o
C, 47

o
C and 57

o
C for 

optimal incubation period obtain from previous experiment (Section 3.3.1). After optimal 

incubation periods, the crude enzymes from each flask (12 flasks) were extracted and 

analysis through enzyme assay stated in Section 3.2.3. 

 

3.3.3 Effect of Initial pH 

The investigation of optimal pH for amylase production was carry out by using two 

different buffer media: Phosphate buffer media and acetate buffer media (Appendix 2.1.6) 

with various pH ranges. The experiment was carried out as stated in fermentation condition 

(Section 3.2.2) with condition: 10% (v/v) inoculums size and 5 g sago hampas with 

various buffer media under optimal temperature obtained (Section 3.3.2) for optimal 

incubation period obtain (section 3.3.1). After the optimal incubation periods, the crude 

enzymes from each flask with different buffer and pH were extracted and analysis through 

enzymes assay stated in Section 3.2.3. 
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3.3.4 Effect of Inoculums sizes 

The experiment was carry out as stated in Fermentation condition, Section 3.2.2 using 

buffer media with optimal pH (Section 3.3.3) and 5 g of sago hampas with varies 

inoculums sizes ranges: 10% (v/v), 20% (v/v), 30% (v/v) and 40% (v/v) from inoculums 

media prepared (Appendix 2.1.5) under optimal temperature (Section 3.3.2) for optimal 

incubation period (Section 3.3.1) obtained.  After the optimal incubation periods, the crude 

enzymes from each flask (12 flasks) were extracted and analysis through enzyme assay 

stated in Section 3.2.3. 
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4.0 RESULTS AND DISCUSSION 

 

4.1 Bacillus sp. Conformation Test 

Three Bacillus strains: Bacillus amyloliquefaciens UMAS 1002, Bacillus cereus 

and Bacillus licheniformis UMAS P7 was used to determine the efficiency of these 

Bacillus strains in α-amylase production under solid-state fermentation (SSF) of sago 

waste.  The Bacillus sp. confirmation test by using iodine screening test was carried out 

base on the method proposed by Apun et al. (2000) with some modification to confirm that 

provided Bacillus strains were α-amylase producible and also as brief guideline about the 

favor condition of these α-amylase producible Bacillus strains for the fermentation process 

after that.  Bacillus sp. confirmation test was carried out two times with the first (1
st
) iodine 

screening test to select Bacillus strains which were more producible in α-amylase 

production for fermentation process below. Second (2
nd

) iodine screening test was carried 

out as a brief guideline regarding favor condition for these Bacillus strains on the 

fermentation process. 

 

4.1.1 First Screening 

    Results of the 1
st
 iodine screening test showed that Bacillus amyloliquefaciens 

UMAS 1002 was most producible among the provided Bacillus strains where overall plates 

appear yellowish colour (Figure 1a). Second producible Bacillus strain was Bacillus 

licheniformis UMAS P7. Figure 1c showing halo zone produced by Bacillus licheniformis 

UMAS P7 after 2 day of incubation. The largest halo zone produced achieve 1 cm. On the 

other hand, there have no any clear halo zone found on the plates inoculated with Bacillus 

cereus (Figure 1b). These results somehow similar with the result shown by Apun et al. 
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(2000) where Bacillus amyloliquefaciens UMAS 1002 was the inocular who produce the 

largest clear halo zone in both CMC and Starch containing plates.  

Hence both Bacillus amyloliquefaciens UMAS 1002 and Bacillus licheniformis UMAS P7 

were proceed to 2
nd

 iodine screening test and also further as inoculars for the fermentation 

process.              

    

Figure 1a: 1
st
 screening result- plate cultured        Figure 1b: 1

st
 screening result- plate cultured with  

with Bacillus amyloliquefaciens UMAS 1002.   Bacillus cereus. 

.   

     

Figure 1c: 1
st
 screening result- plate cultured   Figure 1d: control plate 

with  Bacillus licheniformis UMAS P7.   

 

 


