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ABSTRACT 

Production of α-amylase under solid-state fermentation by Bacillus sp. Iranian S2 has been studied using wheat bran producing waste 
as substrates. The influences of incubation time, inoculum size, incubation temperature and pH, additional carbon and nitrogen 
sources on the production of α-amylase were investigated. The highest enzyme production (96±3 U/g) expressed as units per mass of 
dry substrate was observed after 72 h incubation. The optimum temperature for α-amylase production was observed at 55°C and pH 
5.5. Production parameters were optimized as inoculums size 10 % (volume per mass) and substrate: moisture ratio 1:1. Among the 
defined carbohydrates, the addition of glucose (0.05 g/g dry substrate) has significantly improved the production of α-amylase 
(128±5 U/g). Supplementation of different nitrogen sources (0.02 g/g) showed decline in enzyme production.  
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INTRODUCTION 

α-Amylases (endo-1, 4-α-D-glucan glucohydrolase, E.C. 3.2.1.1) are extracellular and endo-acting enzymes that 
randomly cleave the 1, 4-α-D-glucosidic linkages between adjacent glucose units in the linear amylose chain [5, 9]. The 
amylases can be derived from several sources, such as plants, animals and microorganisms. Because of their short 
growth period, the enzymes from microbial sources generally meet industrial demands. Representatives of Bacillus and 
related genera have been found to be the best candidate for commercial production of thermostable α-amylases [3, 4]. A 
large number of microbial α-amylases have applications in food, textile, paper and detergent industries and many other 
fields such as clinical, medicinal and analytical chemistry [2]. 
The production of α-amylases has traditionally been carried out using submerged fermentation (SMF) because of the 
ease of handling and greater control of temperature and pH, but solid state fermentation (SSF) systems appear as a 
promising alternative technology [1, 6, 8]. SSF is preferred to SMF because of simple technique, low capital investment, 
lower levels of catabolic repression and end product inhibition, low waste water output, better product recovery, and 
high quality production [6, 8]. The fermentation takes place in the absence or near absence of free water. Many 
substrates have been used as SSF substrate; wheat bran however, holds the key and has most commonly been used, in 
various processes. Application of these agro-industrial residues in bioprocesses also solves pollution problems, which 
their disposal may otherwise cause [1]. In this present study thermostable α-amylase production from Bacillus sp. S2 
Iranian under SSF has been studied using wheat bran producing waste as substrate. 
 
 

MATERIALS  AND  METHODS 

The strain Bacillus sp. Iranian S2 used in the research was isolated from geothermal soil samples collected from 
Gandom-Beryan in Lut desert, Iran [10]. The isolate screened for amylase production on starch-agar plates containing 
(g/L) soluble starch, 10.0; peptone, 2.0; yeast extract, 5.0; NaCl, 1.5; MgSO4

.7H2O, 0.5; KH2PO4, 0.5; CaCl2, 0.1; agar, 
20.0; pH 7.0. After 16 hour growth at 55°C, the plates were flooded with iodine solution to check the zone of clearance. 
The isolate was maintained on medium contained (g/L) sodium chloride, 5; glucose, 20; yeast extract, 5; peptone 10; 
CaCO3 6; agar-agar 20; pH 7.2, and was stored at 4°C.   
In order to progress of inoculum, volume of 100 mL of medium described above taken in a 250-mL Erlenmeyer flask 
was inoculated with a loop full of cells from a 24-hour-old slant and kept at 50°C in a rotary shaker with 140 rpm. Cells 
were harvested up to late exponential phase and culture broth used as inoculum. SSF was carried out by taking 5 g of 
dry substrate (wheat bran) in a 250-mL Erlenmeyer flask to which mineral salt solution containing (in g/L): KH2PO4 1; 
K2HPO4 1; CaCl2 0.02; NH4NO3 1; NaCl 1; MgSO4

.7H2O 2 and distilled water was added to adjust the required 
moisture level. The contents of the flasks were mixed and autoclaved at 121 °C for 20 min. The flasks were inoculated 
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Table 1. Production of a-amylase by Bacillus sp. 
Iranian S2 on wheat bran substrate by SSF. 

Incubation time (h) Enzyme activity (U/g ) 
24 24±2 
48 75±2 
72 96±3 
96 50±3 

 

 

0

20

40

60

80

100

120

140

10% 20% 30% 40%

E
n

zy
m

e 
P

ro
d

u
ct

io
n

 (
 U

/g
 )

Inoculum Size/ (volume per mass)

Fig. 1. Effect of inoculum size on the production of 
a-amylase by Bacillus sp. Iranian S2. 

using culture broth (10 % inoculum (volume per mass)) and incubated at 50 °C for 24 h. The enzyme production was 
controlled after every 24 h for 4 days.  
Enzyme was extracted in 50 mL of 0.1 M phosphate buffer (pH 7) on a rotary shaker at 200 rpm for 30 min. The 
content was filtered through muslin cloth, filtrate was centrifuged at 8000 × g at 4 °C for 10 min and the supernatant 
was carefully collected and used as crude enzyme for enzyme assay. α-Amylase activity was determined by the 
spectrophotometric method in an assay mixture, consisted of 0.5 mL of crude enzyme 2.5 ml of 1 % soluble starch and 
1ml 0.1 M phosphate buffer (pH 7). After 15 min of incubation at 50 °C, the liberated reducing sugars (glucose 
equivalents) were estimated by the 3, 5-dinitrosalicylic acid (DNS) method [7]. The reducing sugar released was 
measured at 540 nm.  One unit (U) of α-amylase activity was defined as the amount of enzyme that releases 1 µmol of 
reducing sugar as glucose per minute, under assay conditions and expressed as U/g of dry substrate. All the experiments 
were performed in triplicates and the standard error has been reported. 
Effect of different inoculum size (volume per mass 10, 20, 30 and 40 %) was studied. The ratio of substrate:moisture 
was maintained as 1:1.5, 1:2, 1:2.5 and 1:3 and the enzyme production was checked using wheat bran as substrate and 
mineral salt medium as moistening agent. To study the efficacy of various inducers the SSF medium was supplemented 
independently with different carbon sources (0.05 g/g dry substrate) as glucose, maltose and sucrose, soluble starch and 
nitrogen sources (0.02 g/g dry substrate) as casein, yeast extract, NH4Cl and urea. Controls contained mineral salt 
solution with wheat bran. 
To study effect of temperature on enzyme activity, assay was done at 35, 45, 55, 65, 75 and 85°C. For definition of 
suitable pH range for enzyme activity, pH of enzyme assay buffers was varied as 5.5 (acetate buffer), 7 and 9 
(phosphate buffer). 
 
 

RESULTS  AND  DISCUSSION 

Production of α-amylase using Bacillus sp. Iranian S2 has been 
studied under SSF using wheat bran producing waste as substrate. 
Maximum enzyme production (96±3) U/g) was observed after 72 
h, which decreased with further incubation (Table 1). The results 
indicate that further incubation did not show any increase in 
activity. α-Amylase appeared to be growth related  since the cell 
mass growth kinetics as exactly similar to the enzyme production 
rate. Cell mass was also increased up to 72 h, then decreased 
along with cell growth; the results suggested that enzyme 
production has direct relationship with cell growth. 
It was shown that 10 % (volume per mass) inoculum was 
optimum for the enzyme production during the fermentation (Fig. 
1). Higher inoculums decrease enzyme production. This may be 
due to the limiting nutrients at higher inoculum size. Thus 10 % 
(volume per mass) inoculum was used as inoculum for further 
studies. 
The moisture is a critical factor for the production of enzymes 
under SSF. Increase in inoculum size was seen to adversely affect 
the enzyme production. During fermentation the moisture 
capacity of the medium is changes as a result of evaporation and 
metabolic activities. Therefore to adjust the optimum moisture 
level of substrate during SSF is important [8]. During SSF higher 
moisture level decreases porosity, changes wheat bran particle 
structure, promotes development of stickiness reduces gas volume 
and decreases diffusion, which results in lowered oxygen transfer. In contrast, the low moisture content leads to the 
decreased solubility of nutrients of the solid substrate, lower degree of swelling and higher water tension [1, 6]. In our 
study, high enzyme production was obtained when the substrate:moisture ratio was maintained as 1:2.5 in comparison 
with that of low or high moisture levels. 
α-Amylase is an inducible enzyme, which is generally induced in the presence of starch or its hydrolytic product 
maltose [5, 9]. Supplementation of carbon sources in the form of different carbon sources (glucose, maltose, sucrose 
and soluble starch) as an effector molecules resulted in marginal increase in α-amylase production. Results are shown in 
Fig. 2. Glucose gives the highest enzyme yield (128±5 U/g), followed by soluble starch (118 U/g), then maltose (110 
U/g) and sucrose (100 U/g). 
In our studies, as shown in Fig. 3 in comparison with the control, there was no significant increase in enzyme yield in 
the case of the supplementation of either inorganic or organic nitrogen sources. Moreover adding of organic nitrogen 
and especially inorganic nitrogen sources to the medium resulted in outstanding decrease in α-amylase production by 
Bacillus sp. Iranian S2.  
Optimum production of enzyme was effected by incubation at different temperatures 35 -85 . The results in Fig. 4 
indicate that incubation temperature of 55  was found to be the best for enzymes activity (96±3U/g) of Bacillus sp. 
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Iranian S2. In addition, high temperature might have reduced the moisture contents of the fermentation medium and 
growth of the organism resulting in the decreased enzyme. However, in our study at 80 °C, 90 % activity was showed 
compared to the optimum enzyme activity at 55°C. 
Among the physicochemical parameters, the pH of growth medium plays an important role by inducing morphological 
changes in the organism and in enzyme secretion. In our study the optimum of amylase production was found to be pH 
5.5 (Fig. 5). Results show that enzyme production was generally stable from pH 4-7.0, which indicates excellent 
buffering property of the agroresidues used for solid-state fermentation. 
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Fig. 2. Effect of carbon source (0.05 g/g) supplementation on 

α-amylase production by Bacillus sp. Iranian S2 under 
SSF using wheat bran as substrate. 
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Fig. 3. Effect of nitrogen source  supplementation on α-

amylase production by Bacillus sp. Iranian S2 under 
SSF using wheat bran as substrate. 
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Fig. 4. α-amylase production by Bacillus sp. Iranian S2  at 

different temperatures. 

 

Fig. 5. α-amylase activity of Bacillus sp. Iranian S2 at different 
pH values. 

 

 
 

CONCLUSION 

Study on evaluation of wheat bran as a substrate and effect of inoculum size, fermentation period, temperature and pH 
of the medium, inorganic and organic nitrogen sources for the production of α-amylase by Bacillus sp. Iranian S2 under 
SSF was carried out. The results of the present study proved that the isolate can be successfully used for the production 
of α-amylase employing wheat bran in a mass ratio of 1:1 within a relatively shorter time interval of three days. The 
optimum temperature for α-amylase production was observed at 55°C and pH 5.5. Among the defined carbohydrates, 
the addition of glucose (0.05 g/g dry substrate) has significantly improved the production of α-amylase (128±5 U/g). 
Since the enzymes of these strains have moderate acid- and thermostability, and could be produced on cheap substrates, 
therefore, it can be suitable candidate to be used as an additive for starch, biofuel and detergent industries. 
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