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ABSTRACT

The present study was undertaken for the production of α-amylase from Bacillus subtilis-FBL-3
under solid state fermentation. The vegetative growing cells of B. subtilis-FBL-3 were cultivated on
various agricultural wastes such as rice husk, rice bran, rice polish, defatted soybean meal, sunflower
meal and cotton seed meal. Among all these substrates, wheat bran was found to be optimum for
maximum enzyme yield (169.6 ± 1.14 U/g) with mesh size of 425 µm, and selected as substrate for
further studies. Different diluents (D1, D2, D3, D4, D5 & D6) were also evaluated and D1 was found
to be suitable medium for amylase production. The enzyme production was further enhanced by
optimizing various cultural conditions such as initial medium pH 7.5, cultivation temperature 35 oC and
10 % inoculum size for 48 h of fermentation period with the moisture level of 60 %. Substrate level
of 30g in 1L flask was best for maximum titer of amylase production by B. subtilis-FBL-3. The crude
enzyme was further characterized showing most thermostability at temperature of 60 oC for 20 min,
sodium phosphate buffer pH 8.5 with 1% of substrate (soluble starch) concentration at incubation time
of 15 min. Metal profile of the enzyme indicated that CaCl2, MgCl2 and BaCl2 enhance its relative
activity up to 129 %, 113 % and 105 % respectively.
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Introduction

Amylases are enzymes which hydrolyse starch molecules to give diverse products including dextrins
and progressively smaller polymers composed of glucose units (Windish and  Mhatre 1965). These
enzymes are of great significance in present day biotechnology with applications ranging from food,
fermentation, and textile to paper industries (Pandey et al 2000). Among various extracellular enzymes,
a-amylase ranks first in terms of commercial exploitation (Babu and Satyanarayana 1993). The major
advantage of using microorganisms for production of amylases is in economical bulk production capacity
and microbes are also easy to manipulate to obtain enzymes of desired characteristics (Lonsane and
Ramesh 1990). 

α-Amylase has been derived from several fungi, yeasts, bacteria and actinomycetes, however,
enzymes from fungal and bacterial sources have dominated applications in industrial sectors (Pandey
et al 2002). The most abundantly used bacterial a-amylases were derived from Bacillus
amyloliquefaciens, B. licheniformis and B. stearothermophilus (Bessler et al 2003).

The cost of enzyme production in submerged fermentation (SmF) is high, which necessitates
reduction in production by alternative methods. The contents of synthetic media are very expensive and
these contents might be replaced with more economically available agricultural by-products for the
reduction of cost of the medium (Haq et al 2003). 

The use of agricultural wastes makes solid state fermentation (SSF) an attractive alternative method
(Ellaiah et al 2002). The major factors that affect microbial synthesis of enzymes in a SSF system
include selection of a suitable substrate and microorganism, particle size of the substrate, inoculum
concentration and moisture level of the substrate. 
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In SSF, the selection of a suitable solid substrate for the fermentation process is a critical factor
and thus involves the screening of a number of agroindustrial materials for microbial growth and
product formation (Pandey et al 2000, Sodhi et al 2005). SSF is known to reduce the overall
production cost (Lonsane and Ramesh 1990, Ghildyal et 1985), which can be further reduced by using
locally available materials. It has been reported that SSF is the most appropriate process in developing
countries due to the advantages it offers (Carrizales  and  Jaffe  1986) .

Material and methods

Microorganism and Maintenance:

The strain of Bacillus subtilus -FBL-3 was obtained from Microbiology laboratory, Food &
Biotechnology Research Center,  Pakistan Council of Scientific and Industrial Research  laboratories,
complex Ferozpur Road, Lahore Pakistan, 54600 and was used in amylase production by solid state
cultivation.

Inoculum Preparation:

24 h old vegetative cell was used as an inoculum during the present study. 25 ml of nutrient
broth (Oxoid) was sterilized in 250 ml Erlenmeyer flask at 121 oC for 15 min. After sterilization the
media was inoculated with a loopful of Bacillus subtilis-FBL-3 and incubated at 37 oC for 24 h with
the agitation speed of 140 rpm.

Fermentation Methodology:

Solid state fermentation technique was carried out for the production of ?-amylase in 1L
Erlenmeyer flask containing 50 grams of wheat bran moistened with 50ml of diluents comprising of
(%) 0.5 g peptone, 0.2 g K2HPO4, 0.25 g yeast extract, 0.1 g MgSO4. 7H2O. The pH of the diluent
was maintained at 7 with 1N HCl/NaOH before sterilization at 121 oC for 15 min. After sterilization,
the medium was inoculated with 1 ml of inoculum and incubated at 35 oC for 24 hrs.

Screening of Different Substrates for ?-amylase Production by Bacillus Sp:

Different agricultural by-products such as wheat bran, rice bran, rice husk and rice polish, defatted
soybean meal, sunflower meal and cotton seed meal were obtained from local market of Lahore city,
Pakistan. All these substrate was sun dried and used as substrates for best ?-amylase secretion in solid
state cultivation by Bacillus subtilis-FBL-3.

Optimization of Diluents:

Different diluents were used for the optimum production of amylase from Bacillus subtilis-FBL-3
. These diluents are as fallows and their composition were given in %;
D1: 0.5 g peptone, 0.2 g K2HPO4, 0.25 g yeast extract, 0.1 g MgSO4. 7H2O
D2: 1.0 g meat extract, 1.5 g (NH4)2HPO4, 0.5 g sodium citrate 
D3: 0.56 g (HN4)2NO3, 0.02 g sodium citrate, 0.56 g K2HPO4
D4: 0.2 g KH2PO4 , 1 g NH4NO3 , 0.1 g NaCl , 0.1 g MgSO4·7H2O 
D5: Tap water, Substrate
D6: Distilled water, Substrate

Effect of Mesh Size on Α-amylase Production:

The tested substrate for best α-amylase secretion was ground and made the mesh size of 180 µm,
212 µm, 300 µm, and 425 µm and unsieved was run parallel as control.

Optimization of Physiochemical Parameters for Production of Amylase:

Different cultural conditions like initial medium pH (5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5 and
10), incubation temperature (27, 30, 33, 35, 37, 40 and 43 oC), inoculum size (5, 10, 15, 20, 25,
and 30 %), different incubation period (12, 24, 36, 48, 60, 72, 84 and 96 h), substrate concentration
(10, 20, 30, 40, 50 and 60 g/L flask), moisture level (20, 40, 60, 80 and 100 %) were optimized
for the production of α-amylase from Bacillus subtilis  FBL-3 under solid state cultivation in 1L
Ernelynmer flask and the cell free extract obtained after centrifugation at 10,000 rpm at 4 oC was
used for further studies.
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Characterization of Enzyme:

Optimum incubation time, pH, temperature and substrate for enzyme activity were determined by
standard assay procedures at different incubation time (5-35 min), different pH (phosphate buffer, pH
5.0, sodium phosphate buffer pH 6.4-7.0, Tris-HCl buffer pH 8.0 and glycine-NaOH, pH 9.0-10.0.),
different temperatures (30-70 oC) and different substrate concentrations (0.5-3 %) were optimized for
α-amylase produced from Bacillus subtilis FBL-3.

Effect of Divalent Metal Ions on Enzyme Activity:

To determine the effect of different divalent metal ions on ?-amylase activity, the enzyme was
mixed with 4mg of different metal ions such as ZnSO4, FeSO4, CaCl2, BaCl2, MnCl2,  MgCl2,  and
CuSO4 at 37 oC for 30 min. After incubation, enzyme activity was determined as described earlier.

Analytical Methods:
Enzyme Activity:

The activity of ?-amylase was assayed by incubating 0.5 mL of the diluted enzyme with 0.5 mL
soluble starch (0.5 %, w/v) prepared in 0.1 M sodium Phosphate buffer, pH= 7. After incubation at
60 ºC for 10 minutes the reaction was stopped and the reducing sugars released were assayed
colorimetrically by the addition of 1 mL of 3-5-dinitrosalicylic acid reagent (Miller, 1959). One enzyme
activity unit (U) was defined as the amount of enzyme releasing 1 µmol of glucose from the substrate
in 1 minute at 60 ºC. 

Soluble Protein Estimation:

Soluble protein in the cell free extract was estimated by the method of Lowery et al 1951
using bovine serum albumin as standard.

Results and discussions

Bacillus species are considered to be the most important sources of a-amylase and have been used
for successful enzyme production using SSF (Pandey 2000). Different substrates were screened for best
amylase production. From set of experiments it was observed that wheat bran gave high ?-amylase
yield (169.1 ± 0.50 U/g) followed by rice bran (136.9 ± 1.15 U/g) cotton seed meal gave low enzyme
yield (96.9 ± 0.23 U/g) as shown in the Fig. 1. Different workers (Lonsane and Ramesh 1990, Haq
et al 2003, Mulimani and Ramalingam 2000, Gangadharan et al 2006, Anto et al 2006, Balkan and
Ertan  2007) worked on amylase production using different microbes and reported wheat bran was best
substrate for enzyme synthesis because this substrate provides the essential nutrients for enzyme
production by the microbes. 

To check the effect of particle size on enzyme production, the selected substrate yielding highest
amylase activity was sieved through different mesh sizes and unsieved was run as control. It was
observed that particle size of 425 µm was best for maximum amylase activity (172.0 ± 1.44 U/g)
results shown in the table 1. Baysal et al 2003  reported that particle sizes of 1000 and 500 µm
favored α-amylase production for Wheat Bran and Rice Husk respectively. In an other study (Balkan
and Ertan 2007) the particle sizes of >1 and 1 mm favoured a-amylase production. Krishna and
Chandrasekaran (1996) reported that banana fruit stalk particles of 400 mm favoured maximal a-amylase
production compared to larger particles, they stated that when the particle size is smaller, the surface
area for growth is greater, but the interparticle porosity is less and when the particle size is larger,
the porosity is greater, but the saturated surface area is less. These factors lead to a decrease in
surface area, an increase in porosity and probably determine the values corresponding to optimum
growth and enzyme production.

Production of α-amylase is dependent on the strain and composition of media, and the method
of cultivation (Kundu and Das 1970). α-Amylase production is also influenced by the nutrients
supplementation (Chandra et al 1980). Fig. 2 show the effect of different moistening agent, D1 was
found best for maximum enzyme yield (145.0 ± 1.50 U/g).

The incubation time is governed by characteristics of the culture and also based on growth rate
and enzyme production (Baysal et al 2003).  
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To investigate the optimum time course of fermentation, each flask was harvested at regular
interval of 12 hr. From experiments it was noted that 48 hr of fermentation period was best for
enzyme secretion and as the fermentation period increases the enzyme biosynthesis decreases as shown
in the Fig. 3. Similar findings were reported by Sodhi et al., 2005 by B.subtilis using wheat bran
as substrate. Gangadharn et al., 2006 reported that fermentation period of 72 hrs was optimum for
α-amylase production by B.lichniformis. Asghar et al., 2002  reported the fermentation period of 24
hr was best enzyme production by B.subtilis using banana stalk as a substrate. Tunkova et al., 1993
noted maximum a-amylase activity after 96 hours incubation of Bacillus licheniformis 44 MB 82-6 with
glucose as carbon source. These variations in fermentation period might be due to the different
microbial strains and different substrate used during fermentation processes.

The selection of a suitable substrate and level of substrate is a critical factor for a fermentation
process (Kunamneni et al 2005) . Therefore the effect of different substrate for ?-amylase production
by B.subtilis in SSF was investigated as shown in Fig. 4. It was noted that 30 g substrate was best
for enzyme yield (136.6 ± 0.60 U/g), as the concentration of substrate increased the enzyme synthesis
decreased. Tanyildizi et al., 2007 reported that substrate concentration of 30 g/L was best for maximum
enzyme production.

Inoculum size and density is a crucial factor in solid state fermentation, so to optimize the proper
inoculum level different experiments were carried out by varying inoculum level of 5-25 % and it was
noted that 10 % inoculum level is most suitable during this study producing high yield (135.8 ± 1.02
U/g) of α-amylase (Fig.5). Our findings were in agreement with Anto et al., 2006 who reported 10%
of inoculum size was optimum for enzyme production. Mukherjee et al., 2009 reported that 100 %
(v/w) favoured high enzyme production by B.subtilis in SSF. Gangadharn et al., 2006 reported that
inoculum level of 1 ml/g was optimum for α-amylase production. The 20 % inoculum concentration
is optimum for maximum amylase production using different agrowastes (Balkan and Ertan 2007). Lower
inoculum size requires longer time for the cells to multiply to sufficient number for the maximum
substrate utilization resulting in lower enzyme yield (Ramachandran et al 2004, Mukherjee et al 2008)
. Increased moisture level decreases porosity, changes wheat bran particle structure, promotes
development of stickiness and lowers oxygen transfer, whereas lower moisture content causes reduction
in the solubility of nutrients of the solid substrate, lower degree of swelling and higher water tension
(Lonsane et al 1985, Zadrazil and Brunnert 1981) .

Among the physical parameters, the pH of the growth medium plays an important role by
inducing morphological change in the organism and in enzyme secretion. The pH change observed
during the growth of the organism also affects product stability in the medium.  The production of
alpha amylase is very sensitive to initial pH of the fermentation medium (Pedersen and Nielsen 2000).
Maximum α-amylase production was recorded at pH 7.5 in the SSF medium which was adjusted before
sterilization with 1N NaOH/HCl producing 152.4 ± 1.43 U/g (Fig.6). Our findings are in line with
Asghar et al., 2002 and Kokab et al., 2003. Terui (1973) reported optimum pH of 6.8 for ?-amylase
activity in starch medium fermented with Bacillus sp. Haq et al., 2002 reported pH of 7.5-8.0 to be
the best for the production of alpha amylase by Bacillus subtilis. Different organisms have different
pH optima and decrease or increase in pH on either side of the optimum value results in poor
microbial growth (Lehninger, 1982) .

The influence of temperature on amylase production is related to the growth of the organism.
Maximum enzyme production was noted at 35 oC which is 145.7 ±  2.25  U/g , as the temperature
gradually increased from 27-35 oC the enzyme production gradually increased from 47.3 ± 1.07 to
145.7 ± 2.25 U/g and when the temperature was increased from 37 -43 oC the enzyme production
was gradually decreased as shown in the fig 7. Similar findings were also reported by Vidyalakshmi
et al., 2009. Gangadharn et al., 2006 reported the optimum production of α-amylase by B.subtilis at
37 oC which were in accordance with the present investigation. Riaz et al., 2003 selected the optimum
temperature of α-amylase production by B.subtilis in submerged fermentation process.  Kokab et al.,
2003 and Asghar et al., 2002 reported the incubation temperature of 35 oC for B.subtilis using banana
stalk as a solid substrate. Castro et al., 1992 reported the continuous production of amylase from B.
amyloliquefaciens at 36 oC. 

The growth of the bacteria was greatly inhibited due to high temperatures and hence the enzyme
formation was also inhibited (Pandey 2000, Radley, 1976) .

A major critical factor in the SSF system that influences the enzyme yield is the initial moisture
content of the substrate (Mulimani and Ramalingam 2000, Baysal et al 2003, Ramachandran et al.,
2004, Mukherjee et al 2008) because growth of microbes and product (enzyme) formation takes place
at or near the surface of moist solid substrate (Pandey et al 2000). 
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In the present investigation initial moisture content of 60 % was recorded optimum for maximum
enzyme production (Fig.8). Mukherjee et al., 2009 reported the initial moisture level of 100 % was
optimum for enzyme production. Shukla and Kar (2006) reported that optimum α-amylase yield was
observed at 80 % and 70 % (v/w) moisture contents of PP when B. subtilis and B. licheniformis,
respectively were grown on this substrate. Baysal et al., 2003 reported the optimal moisture level of
30 % was optimal for best enzyme production using wheat bran and rice husk as substrates. Lonsane
and Ramesh (1990) reported the optimal moisture level has been found to be 60-/75 % for a-amylase
production by B. licheniformis M27 which were in agreement with the present investigation and
variations might be due to the different nature of the strains and substrates. Reduction in enzyme
production at high initial moisture content may be due to a reduction in substrate porosity, changes
in the structure of substrate particles and reduction of gas volume. In addition, reduction in enzyme
production may result from less bacterial growth (Krishna and Chandrasekaran 1996, Babu and
Satyanarayana  1995).

Characterization of Enzyme:
Effect of Different Metal Ions on Enzyme Activity:

The metal affinity profile of the enzyme was evaluated by incubating the enzyme solution with
various metals and it was noted that calcium ions enhances metal affinity yielding relative activity of
129 % followed by magnesium and barium 113 % and 105 % respectively. Some metals have
stimulatory effect while some have inhibitory effect as shown in table 2. In an other study (Sodhi et
al., 2005) enzyme exhibited highest activity when enzyme solution was incubated with CuCl2. Some
workers (Violet and Meunier 1989, Savchenko et al., 2001) reported that thermostable ?-amylase has
been found to require calcium ions as a protection against high temperatures. The cation is not an
integral part of the active site of the enzyme but calcium ion is believed to stabilize the overall
conformation of the enzyme (Robyt 1984). Al-Quadan et al., 2009 studied on highly thermostable alkali
tolerant amylase from Bacillus strains and reported that the enzyme was highly activated by certain
metal ions such as CoCl2, MnCl2, MgSO4, ZnSO4 and MnSO4 with the residual activity 133, 113,
126, 106.6 and 103 %, respectively. In an other studies calcium ions was reported to increase amylase
activity of B. stearothermophilus (Srivastava 1987), Bacillus strain TS-23 (Lin et al., 1998) and Bacillus
strain GM8901 (Kim et al 1995).

Effect of pH on Enzyme Activity and Stability:

Optimum pH was found to be 8.5. showing maximum activity of 134.3 ± 1.14 U/ml. The lowest
enzyme activity was observed at pH 10.0 showing activity of 34.2 ± 0.78 U/ml. Enzyme activity was
increased with the increase in pH up to certain limit but further increase in pH decreased the enzyme
activity as shown in the fig 9. The crude enzyme produced showed the pH stability in the range of
7.5 to 8.5 for 24 hr. Al-Quadan et al., 2009 observed the pH of 7.8 for optimum activity.
Bernharddotter et al., 2005, and Konsula et al., 2004 reported that ?-amylases produced by other
Bacillus sp have shown optimum activities at pH values as low as 3.5 or as high as 12 .Amylases
from Bacillus sp was noted in various pH ranges like 3.5 from Bacillus acidocaldarius (Mutuso 1986)
5.0-8.0 (Asghar et al., 2007, Burhan 2007, Liu and Yan 2008, Iraj et al., 2008) and 9.0-11.0 (Kim
et al., 1995, Boyer and Ingle 1972, Burhan et al., 2003, Bajpai and Bajpai 1989).

Effect of Temperature on Enzyme Activity and Stability:

Thermal stability of amylase produced by Bacillus subtilis FBL-3 was checked by incubating the
reaction mixtures at various temperatures (40-90 oC) for various time periods (10-60 min). Results in
the Fig. 10. indicated that enzyme produced by the organism was stable in temperature range of 50
to 70 oC for period of 30 min. The enzyme was most stable at 60 oC for 20 min and less stable
at 80 and 90 oC. With increase in time and temperature decline in enzyme activity was observed.
Amylases from Bacillus sp exhibit a wide range of temperature ranges like 40 oC (Liu and  Yan
2008), 50 oC (Kim et al., 1995, Teodoro and  Martins 2000), 60 oC (Burhan A. (2007, Riaz et al.,
2009), 70 oC (Iraj et al., 2008, Riaz et al., 2009, Bell et al., 1983), 90 oC (Carvalho et al., 2008)
and 100 oC (Al-Quadan et al., 2009) indicating the highly thermostability in nature.
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Effect of Substrate Concentration on Enzyme Activity:

Among the various tested concentration of substrates, it was noted that the maximum amylase
activity was obtained at 1.0 % level of substrate (soluble starch in sodium phosphate buffer pH 7)
concentration giving 48.0 ± 0.58 U/ml as shown in the Fig. 11. The amylase activity decreased as
the concentration of substrate increased. When the concentration of substrate is 2.0 % and 3.0 % the
amylase activities were 38.2 ± 0.74 U/ml and 25.1 ± 0.57  U/ml. Similar findings were also reported
by various workers (Baysal et al., 2003, Asgher et al., 2007, Aiyer, 2004).

Fig. 1: Screening of best substrate for α-amylase secretion by B.subtilis FBL-3 at 37 oC for 48 h
(* Soybean meal** Sunflower meal*** Cotton seed mal).

Fig. 2: Optimization of different diluents for α-amylase production by B.subtilis FBL-3 at 37 oC for
48 h.

Fig. 3: Time course of fermentation for α-amylase secretion by B. subtilis FBL-3.



613J. Appl. Sci. Res., 7(5): 607-617, 2011

Fig. 4: Effect of different substrate concentration for α-amylase production by B.subtilis FBL-3  using
wheat bran as substrate at incubation period of 48 hr.

Fig. 5: Effect of inoculum size on α-amylase production by B.subtilis FBL-3.

Fig. 6: Optimization of different initial pH of diluents for α-amylase production by B.subtilis FBL-3.

Fig. 7: Effect of different incubation temperature on α-amylase production by B.subtilis FBL-3.
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Fig. 8: Optimum moisture level for α-amylase production by B.subtilis FBL-3.

Fig. 9: Effect of different pH on amylase activity produced by B. subtilis FBL-3.

Fig. 10: Effect of different temperature on amylase activity produced by B. subtilis FBL-3.

Fig. 11: Effect of substrate concentration on amylase activity produced by B. subtilis FBL-3.
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Table 1: Effect of different mesh size of wheat bran on enzyme production by B.subtilis FBL-3.
Sr. # Mesh Size(µm) Enzyme production (U/g) Total protein (mg/ml)
1 Unsieved 132.8 ± 0.70 0.368 ± 0.02
2 180 122 ± 0.36 0.293 ± 0.007
3 212 141 ± 0.73 0.367 ± 0.02
4 300 152 ± 1.44 0.463 ± 0.04
5 425 160 ± 0.92 0.397 ± 0.004

Table 2: Effect of metal ions on  -amylase enzymes in Bacillus subtilis FBL-3.
Sr. # Metals Conc. Used (mM) Relative activity (%)
1 Control 5 100
2 FeSO4 5 90
3 CaCl2 5 129
4 NaCl 5 67
5 BaCl2 5 105
6 ZnSO4 5 24
7 MnCl2 5 102
8 MgCl2 5 113
9 CuSO4 5 45

Conclusion:

The results of the present study showed that 169.1 ± 0.50 U/g of thermostable α-amylase were
produced in solid state fermentation of wheat bran by B. subtilis (FBL-3) at incubation temperature
of 37 oC for 48 hr of fermentation period with the initial medium pH of 7.0. These results will be
used for further scaling up of α-amylase production in large scale fermentation process.
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