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ABSRACT: The wide spectrum of the amylase enzyme in the industries to creating the demand and persist to produce more amount of 

enzymes. The present work has been initiated with a goal of optimization of solid state fermentation condition for amylase using agro 

waste and microbial strain like B. amyloliquefaciens (MTCC 610). In this study the productivity of amylase, fermentation has been 

carried with the presence of calcium (Ca
+2

), Nitrate (NO3), and chloride ions (Cl
-
) as well as in the presence of D-inositol and mannitol. 

Amylase needs calcium ion for the preservation of its structure, activity and stability that proves beneficial also for amylase production 

using solid state fermentation. The addition of sugars in the SSF media is protect the amylase from thermal decay at various incubation 

periods at 37
o
C. 
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Introduction 

    Amylases are a group of hydrolases that can specifically cleave the O-glycosidic bonds in starch. Two important groups of amylases are 

glucoamylase and a-amylase. Glucoamylase (exo-1,4-a-D-glucan glucanohydrolase hydrolyzes single glucose units from the nonreducing 

ends of amylose and amylopectin in a stepwise  manner .Whereas a-amylases (endo-1,4-a-D-glucan glucohydrolase, are extracellular 

enzymes that randomly cleave the 1,4-a-D-glucosidic linkages between adjacent glucose units inside the linear amylose chain.(Muhammad 

IRFAN,2012).  

    Most of the amylases are metalloenzyme requiring Ca for their activity, structural integrity, and stabilization [Burha 2003, Levine 1982, 

Klee 1982]. At least three calcium binding sites have been located on barley alpha-amylase isoform that is also visible for plants, mammals, 

fungi, and bacteria [Kadziola 1994, MacGregor 1988]. For B. amyloliquefaciens, the calcium binding site is contributed by three conserved 

regions of the polypeptide chain comprising residues Gly
97

 -Ala
109

, Ile
217

 -His
235

 and Ser
314

 –Ser. Depletion of calcium ion from the binding 

site abolishes amylase activity. Similar stabilization effect has been provided by chloride and nitrate ions as reported by Aghajari et al. [18].  

The microbial amylases meet industrial demands and a large number of them are available commercially; although many microorganisms 

produce this enzyme and the most commonly used for their industrial application are Bacillus licheniformis, Bacillus amyloliquifaciens 

(Vidyalakshmi, 2009). Bacillus amyloliquefacien s, a potent a-amylase producer, has been used to study the mechanism of enzyme secretion 

as well as from the standpoint of industrial production of enzymes (QIXIAN ZHANG, 1983). 

    Agro wastes like wheat bran, rice bran, and coconut oil bran have replaced the high cost media generally used in submerged fermentation 

for alpha-amylase preparation because of their simplicity, low cost, easy availability, better productivity, and lesser water output. 

Additionally it solves the pollution problem occurring due to their disposal in the surrounding [Stredansky, 1999]. High starch content of 

almost all agro wastes (60–70% by weight) can be effectively utilized as a major nutrient source by microorganisms like bacteria, fungi, and 

so forth, for the synthesis of inducible alpha-amylase which is under the control of catabolic repression. 

    From the prior knowledge the primary solid state fermentation culture condition, the present study was initiated using wheat bran as a 

prime source of nutrient and B. amyloliquefaciens (MTCC 1270) as the producer organism at pH 7 to increase the alpha-amylase yield 

through media optimization. Earlier reports are also in agreement with the fact that most of the Bacillus species, namely, Bacillus 

licheniformis and Bacillus stearothermophilus, are the most effective producers of alpha-amylase [Mulimani et al., 2000, Shuklaand 2006, 

Vijayabaskar 2012, Baysal 2003, Mukherjee 2009, Sodhi 2005, Soni 2003]. This study aimed to optimization of various parameters in the 

fermentation media to stimulate alpha-amylase yield from SSF. 

 

Materials and Methods 

    Microorganism Bacillus amyloliquefaciens (MTCC 610, IMTECH, Chandigarh) was used as working strain for solid state fermentation 

(SSF) extraction of alpha-amylases. All the reagents are of analytical grade (SRL). 

 

Preparation of inoculum and Solid State Fermentation (SSF).  

    Wheat bran was collected from local market and solid state fermentation has been carried out with 4 gm dry wheat bran in a 100 mL 

Erlenmeyer flask. The moisture level of the wheat bran was adjusted to 50% (w/w) with autoclaved distilled water. The contents of the flask 

were autoclaved prior to the solid state fermentation. 25 mL of nutrient broth was taken in a 100 mL flask and was inoculated with a loop full 

of Bacillus amyloliquefaciens cells from a 24-hour-old slant and kept at 37
o
C in a shaker. After 16 hours of growth, 1 mL inoculum (1.5–2 × 

10 cfu/mL) from this broth culture was added in the WB. It was fermented for various fermentation periods (24 and 48 hours) at different 

temperatures (30
o
, 33

o
, 37

o
, and 42

o
C).  

 

Enzyme Extraction  
    After 24 and 48 hours of fermentation, the fermented media containing wheat bran were mixed with 25mL 20 mM phosphate buffer (pH = 

7.0) for 30 minutes at 4°C in a rotary shaker at150rpm.The suspension was then centrifuged at 8000 rpm for 15 min at 4
o
C. The supernatant 

has been collected and used for amylase assay.  
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Amylase Assay 

    Alpha-amylase activity of the extract was measured by DNS method [19]. In brief the reaction mixture containing 1% soluble starch, 20 

mM phosphate buffer (pH = 7), and fermented extract was taken and incubated at 37°C for 20 minutes followed by the addition of 

3,5dinitrosalicylic acid (DNS). The amount of the reducing sugar liberated during assay was estimated by measuring color development at 

540 nm by UV-VIS spectrophotometer. 1U of amylase activity is defined as the amount of enzyme that liberated micromole of maltose per 

minute under standard assay condition. 

 

Protein Estimation. 

   The protein content of the extract was determined following Lowry’s method [Lowry et al 1951]. 

 

Starch Hydrolysis 

    A 2% starch agar plate (beef extract—0.3%, soluble starch—1%, and agar—2%) has been prepared and streaked from a 24-hour-old 

culture of Bacillus amyloliquefaciens. The plate was grown for 48 hours in 37°C. To check the starch hydrolysis property of alpha-amylase 

the plate was flooded with iodine solution. 

 

Optimization of Media  
    The optimization of medium components is of primary importance in any fermentation process. The best substrate was employed for 

further optimization of nutrient supplementation such as inorganic nitrogen sources (0.15M) (Ammonium nitrate, Ammonium chloride and 

Ammonium sulphate) and 1% organic nitrogen sources (peptone, tryptone, yeast extract, soybean meal). Added phosphate (KH2PO4) 

concentration (0.01M, 0.02M, 0.03M and 0.04 M) were also optimized for production of alpha amylase. To study the efficacy of various 

inducers the medium was supplemented independently with 1% glucose, lactose, maltose and soluble starch. Distilled water, 0.2M 

phosphate buffer (pH 7) and Triton X100 were used independently to find the best extraction medium for the enzyme. The alpha-amylase 

activity has been calculated according to DNS method [Miller 1959]. 

 

Statistical Analysis 

    Effect of each parameter was studied in triplicate and graphically represented as the mean ± SD (𝑛=3) using Origin 5. 

 

RESULTS AND DISCUSSION  

Amylase identification by starch hydrolase  

     The starch agar plate was inoculated with B. amyloliquefaciens (MTCC 610) and kept for 48 hours at 37
o
C. The plate was flooded with 

iodine and clear zone of starch hydrolysis has been observed (Figure 1). This ensures that this microorganism secretes amylase that is 

capable of starch hydrolysis. 

 
Figure 1.1. Starch hydrolysis performed on a 2% starch agar plate using                                          

 

B. amyloliquefaciens (MTCC 610) 

 

Production of Alpha-Amylase from B. amyloliquefaciens (MTCC 610) Using Solid State Fermentation 

    To optimize the appropriate fermentation period for high yield alpha amylase production, the study had been initiated with wheat bran and 

B. amyloliquefaciens (MTCC 610) for 24, 48, and 72 hours. The values of specific activity of alpha-amylase were 73.64 ± 0.25 U/mg, 

143.96 ± 0.24 U/mg, 164.48± 0.24, 122.14± 0.24 and 104.86 ± 0.75 U/mg, respectively, after 24, 48,72, 96,and 120 hours using SSF under 

identical fermentation conditions (Figure 2.1). Fermentation conducted for longer period of time was accompanied with decline in the alpha-

amylase activity caused by denaturation and degradation of enzyme products.  
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Figure 2.1. Different size of inoculam used for alpha amylase production  

 

The present investigation was performed for alpha amylase production under different fermentation periods. The decrease in enzyme yield 

after optimum level might be due to denaturation and decomposition of alpha amylase because of interaction with other components in the 

medium or substrate inhibition. In a similar study conducted by Gangadharan et al. (2006) fermentation period of 72 h was found optimum 

for alpha amylase production by Bacillus amyloliquefaciens. 

 

Effect of incubation temperature on α-amylase production 
Fermentation temperature is an important criterion for solid state fermentation. The influence of different incubation temperatures varying 

from 30°C to 55°C on α- amylase production by Bacillus amyloliquefaciens (MTCC 610) were investigated. The results revealed that 

highest α-amylase production (149.62 IU/ml) was recorded at 37°C. The enzyme production however decreased at higher 

temperatures. The production of amylase enzyme was found least (75.54 IU/ml) at temperature (30°C). The amylase activity also 

decreased about 17.57% (122.82 IU/ml) and 25.9% (110.36 IU/ml) of maximum yield at temperatures 40°C and 45°C, respectively 

(Figure 2.2).  

 
Figure 2.2. Effect of temperature on 𝛼-amylase production using Bacillus amyloliquefaciens 

 

The production of alpha amylase by using Bacillus amyloliquefaciens (MTCC 610) was examined at varying temperatures ranging from 

30°C to 55°C. Similar study was conducted by Gangadharan et al. (2006) in which 37°C found to be optimum for biosynthesis of alpha 

amylase.  Tanyildizi  et al. (2007) have  reported 33°C for the highest production of α-amylase from corn gluten meal. 

 

Effect of moisture content on α-amylase production 

As the moisture content of the medium changes during fermentation due to evaporation and metabolic activities, adjusting the optimum 

moisture level of substrate during SSF is very important. Low and high level of moisture level of substrate affect the growth of 

microorganism resulting in lower enzyme production. In the present study, a gradual increase in the enzyme production was obtained with 

increase in moisture content from 55-80%.  Highest α-amylase yield (173.28 IU/ml) was obtained when the moisture content was 

maintained at 80% followed by the yield (154.16 IU/ml) at 75% moisture content. Further, enzyme production was decreased with the 

increase of 85% and 90% moisture level of substrate. The lowest α-amylase enzyme titre (62.66 IU/ml) was obtained at 55% moisture 

content of substrate (Figure2.3). No significant effect of moisture content of the medium on amylase production was observed (P> 0.05). 
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Figure 2.3. Effect of moisture content on 𝛼-amylase production using  

Bacillus amyloliquefaciens 
 

Higher  moisture  level  decreases  porosity,  changes  in  structure  of  the  substrate particles, promotes development of stickness and 

lower oxygen transfer. If the quantity of water become insufficient and does not allow a good diffusion of solutes and gases, the  cell 

metabolism  slows  down  or  it  can  stop  completely because  of  the  lack of substrates or due to too high conentration of inhibitor 

metabolites in or near the cell. Ramachandran et al. (2004) reported maximum amylase enzyme yield at 68% which decreased with further 

increase in moisture level.  

 

Effect of pH on α-amylase production 

Initial pH is one of the critical parameters which correlate with the microbial growth because the concentration of hydrogen ion plays an 

important role by inducing morphological changes in the organism and in enzyme secretion. The influence of pH on α-amylase 

production was investigated in the present research. The maximum production of α-amylase was observed when initial medium pH was 

7.0 which yielded 144.64 IU/ml. The enzymatic activity sharply increased from pH 5 to pH 7. A gradual decrease in the enzyme yield was 

obtained from pH 8 to 10 because increase in pH of the medium beyond 7.0 did not favour the secretion of enzyme by the bacterium 

(Figure 2.4). The effect of pH of the fermentation medium on amylase enzyme production was found to be statistically non-significant (P> 

0.05). 

 
Figure 2.4. Effect of pH on 𝛼-amylase production using  

Bacillus amyloliquefaciens 
 

The present investigation showed variations of alpha amylase production under different pH of the solid state fermentation medium.  

They are the indicators of changes in metabolic activity. The variation in pH results from the substrate consumption (i.e. Protein 

hydrolysis) and metabolic production (i.e. Organic acids). Similar variation in enzyme production was observed with increase and decrease 

in pH by several co- workers (Gangadharan et al., 2006; Anto et al., 2006). 

 

Effect of incubation period on alpha amylase production 

The incubation time is governed by characteristic of the culture and also based on growth rate. In the present study the optimum time course 

of fermentation was investigated. Each flask of fermented broth was harvested at regular interval of 24 h upto 120 h. It was observed 

from experiments that there was sharp increase in α- amylase production through 24 h (73.64 IU/ml), 48 h (143.96 IU/ml) and maximum 

production (164.48 IU/ml) was found at 72 h of incubation. The enzyme yield showed sharp decrease on further extension of fermentation 
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period. The alpha amylase yield reduced about 25.7% of maximum enzyme yield at 96 h and further amylase yield was found 102.86 IU/ml 

at 120 h of fermentation period (Figure 2.5). However, the effect of incubation time on amylase production was found statistically 

non-significant (P>0.05). 

 
Figure 2.5. Effect of incubation period on 𝛼-amylase production using  

Bacillus amyloliquefaciens 
 

The present investigation was performed for alpha amylase production under different fermentation periods. The decrease in enzyme yield 

after optimum level might be due to denaturation and decomposition of alpha amylase because of interaction with other components in the 

medium or substrate inhibition. In a similar study conducted by Gangadharan et al. (2006) fermentation period of 72 h was found optimum 

for alpha amylase production by Bacillus amyloliquefaciens.  In another research, Anto et al. (2006) observed maximum enzyme yield 

after 72 h by using B. cereus with wheat bran as substrate and decreased with further incubation. Tanyildizi et al. (2007) showed 

alpha amylase production with incubation time and reported that the B. amyloliquefaciens utilized the corn gluten meal effectively with 

highest yield after 24 h. 

Optimization of Medium Parameters for α-amylase production by Bacillus amyloliquefaciens (MTCC 610) under solid state 

fermentation 
 

Evaluation   of   additional   Carbon   sources   (1%)   on   alpha   amylase production 
Alpha amylase is an inducible enzyme, which is generally induced in the presence of starch or its hydrolytic product. In the present 

examination different sugars such as glucose, lactose, maltose and starch were supplemented in the fermentation medium for the 

production of α-amylase. The sugars were added in the medium at 1% level. Highest α-amylase production was observed in maltose 

supplemented medium (167.44 IU/ml) followed by starch (151.46 IU/ml). In the presence of other sugars however the production of 

enzyme was reduced. In the present study lowest amylase enzyme yield was obtained when glucose was used as additional carbon source 

(Figure 2.6). The data obtained was analysed using correlation and the carbon source was found to have significant (P< 0.05) importance 

on alpha amylase production. 

 
Figure 2.6. Effect of incubation period on 𝛼-amylase production using  

Bacillus amyloliquefaciens 
 

The present examination for the production of alpha amylase was conducted in different flasks supplemented with different sugars and the 

result showed maximum amylase production with maltose followed by starch, lactose and glucose. Similar finding was obtained by 

Gangadharan et al. (2006) in which highest enzyme yielded by the addition of starch followed by maltose. Maximum alpha amylase yield 
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was also reported by Ashraf et al. (2005) when starch was supplemented to the medium at 1% level. 

This study concluded that the production of a-amylase by B. amyloliquefaciens has been examined by using wheat bran in solid state 

fermentation process. The optimum yield of       a-amylase enzyme was obtained from 4CFU/ml of inoculum, 37
o
C temperature, 80% 

moisture content, pH 7, 72hr of incubaton and 1% of maltose. 

 

Conflict of interest 

Acknowledgement  

 

References 

[1] Vidyalakshmi R. (2009).”Amylase Production on Submerged Fermentation by Bacillus spp‖.   World Journal of Chemistry 4 

(1):89-91. 

[2] QIXIAN ZHANG, NORIHIRO TSUKAGOSHI (1983).‖ Increased Production of cx-Amylase by Bacillus amyloliquefaciens in the 

Presence of Glycine‖. Applied and Environmental Microbiology, P. 293-295. 

[3] Stredansky M., E. Conti, L. Navarini, and C. Bertocchi. 1999. Production of bacterial exopolysaccharides by solid substrate 

fermentation,‖ Process Biochemistry.34.1: 11–16.  

[4] Burhan A., U.Nisa, C.Gokhan, C.Omer, A.Ashabil, and G. Osman, ―Enzymatic properties of a novel thermostable, thermophilic, 

alkaline and chelator resistant amylase from an alkaliphilic Bacillus sp. isolate ANT-6,‖ Process Biochemistry, 

vol.38,no.10,pp.1397–1403,2003. 

[5] Levine B. A. and R. J. P. Williams, ―Calcium binding to proteins and other large biological anion centers,‖ in In Calciumand Cell 

Function, W. Y. Cheung, Ed., pp. 1–38, Academic Press, New Yor k, NY, US A, 1 982 . 

[6] Klee C. B. and T. C. Vanaman. 1982. Calmodulin,‖ Advances in Protein Chemistry,35: 213–321.  

[7] Aghajari N., G.Feller, C.Gerday, andR.Haser, 2002. Structural basis of 𝛼-amylase activation by chloride. Protein Science. 11, 

6:1435–1441.  

[8] Mulimani V. H. and G. N. P. Ramalingam, ―𝛼-Amylase production by solid state fermentation: a new practical approach to 

biotechnology courses,‖ Biochemical Education, 28,3: 161–163, 2000. 

[9] Shuklaand J.R.Kar. 2006. Potato peel as a solid state substrate for thermostable 𝛼-amylase production by thermophilic Bacillus 

isolates,‖ World Journal of Microbiology and Biotechnology, 22, 5:417–422.  

[10] Vijayabaskar P., D. Jayalakshmi, and T. Shankar. 2012. Amylase production by moderately halophilic Bacillus cereus in solid state 

fermentation,‖ African Journal of          Microbiology Research, 6: 4918–4926.  

[11] Baysal Z., F. Uyar, and C.  Aytekin. 2003. Solid state fermentation for production of 𝛼-amylase by a thermotolerant Bacillus 

subtilis from hot-spring water. Process Biochemistry, vol.38,no.12, pp. 1665–1668. 

[12] Mukherjee A.K., M.Borah, and S.K.Rai. 2009. To study the influence of different components of fermentable substrates on 

induction of extracellular 𝛼-amylase synthesis by Bacillus subtilis DM-03 in solid-state fermentation and exploration of feasibility 

for inclusion of 𝛼-amylase in laundry detergent formulations,‖ Biochemical Engineering Journal, 43, 2: 149–156. 

[13] Sodhi H.K., K.Sharma, J.K.Gupta, and S.K.Soni. 2005. Production of a thermo stable 𝛼-amylase fromBacillus sp. PS-7 by solid 

state fermentation and its synergistic use in the hydrolysis of malt starch for alcohol production,‖ Process Biochemistry,vol.40,2, pp. 

525–534. 

[14] Soni S. K., A. Kaur, and J. K. Gupta, 2003. A solid state fermentation based bacterial 𝛼-amylase and fungal glucoamylase system 

and its suitability for the hydrolysis of wheat starch,‖ Process Biochemistry.39. 2:185–192. 

[15] Aghajari N., G.Feller, C.Gerday, and R.Haser. 2002. Structural basis of 𝛼-amylase activation by chloride,‖ Protein Science.11.6: 

1435–1441. 

[16] Lowry O. H., N. J. Rosenbrough, A. L. Farr, and R. J. Randall. 1951. Protein measurement with the Folin phenol reagent,‖ The 

JournalofBiologicalChemistry.193.1: 265–275. 

[17] Miller G. L. 1959. Use of dinitrosalisylic acid reagent for determination of reducing sugar,‖ Analytical Chemistry, 31, 3:426–429.  

[18] Tanyildizi, M. S., O¨ zer, D and Elibol, M.  (2007). Production of bacterial a-amylase by B. amyloliquefaciens under solid substrate 

fermentation. Biochemical Engineering Journal, 37: 294–297. 

[19] Sivaramakrishnan, S., Gangadharan, D., Nampoothiri, K. M., Soccol, C. R and Pandey, A. (2006).  Amylases from Microbial 

Sources. Food Technology and Biotechnology, 44  (2): 173–184.  

[20] Ramachandran, S., Patel, A. K., Nampoothiri, K. M., Francis, F., Nagy, V., Szakacs, G and Pandey, A.  (2004). Coconut oil cake–a 

potential raw material for the production of a-amylase. Bioresource Technology, 93: 169–174. 

[21] Anto, H., Trivedi, U and Patel, K. (2006). Alpha Amylase Production by Bacillus cereus MTCC 1305 Using Solid-State 

Fermentation. Food Technology and. Biotechnology, 44 (2): 241–245. 

[22] Ashraf, H., Rana, K., Zainab, H and Haq, I.(2005). Production of alpha amylase by a thermophilic strain of Bacillus licheniformis. 

Journal of Food Technology, 3(1): 64-67. 

[23] Vengatesan K., and S. Selvarajan: Improved T-Cluster based scheme for combination gene scale expression data. International 

Conference on Radar, Communication and Computing (ICRCC), pp. 131-136. IEEE (2012). 

[24] Kalaivanan M., and K. Vengatesan.: Recommendation system based on statistical analysis of ranking from user. International 

Conferenceon Information Communication and Embedded Systems (ICICES), pp.479-484, IEEE, (2013). 

[25] K. Vengatesan, S. Selvarajan: The performance Analysis of Microarray Data using Occurrence Clustering. International Journal of 

Mathematical Science and Engineering, Vol.3 (2) ,pp 69-75 (2014). 

 

 

http://www.jetir.org/

