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Two hundred and seventy Bacillus species were isolated from soil samplse in Khartoum State and 
tested for α- amylase production. 20 potential isolates of α- amylase producer were obtained during 
primary screening. Secondary screening of these isolates yielded a high thermostable alkaline α- 
amylase producing isolate. Of all the species tested, Bacillus licheniformis gave maximum α-amylase 
activity of 0.7947 U/mg/ml at pH of 8 in iodine method, and (0.024 U/mg/ml) in 3.5.dinitrosalicylic acid 
(DNS) method. Characterization of the extra-cellular crude α- amylase was further evaluated for its 
biochemical properties as an enzyme for industrial use. The production of α- amylase following growth 
of the microorganism was found to be at optimum temperature and pH of 70°C and 9.0, respectively.  
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INTRODUCTION 
 
Amylases (1-4,α D-glucan glucano hydrolase EC 3.2.1.1) 
hydrolyses internal α–1-4- glycosidic linkage in starch 
and related substrate in an endo-fashion producing 
oligosaccharides, glucose and α–limit dextrin (Fogarty et 
al., 1999). α-amylases constitute a class of industrial 
enzyme having approximately 30% of the world enzyme 
production (Van der Maarel et al., 2002) and represent 
one of the three largest groups of industrial enzymes and 
account for approximately 60% of total enzymes sales in 
the world ( Rao et al., 1998) and is an important enzyme, 
particularly in the process of starch hydrolysis. Though 
they originate from different sources (plants, animals and 
microorganism) and show varying pattern of action 
depending on the source and origin (Hagenimana et al., 
1992), in industry, they are mainly produced from 
microbes. Enzymes from microbial sources generally 
meet industrial demands due to their higher yield and 
thermostability (Burhan et al., 2003). Microbial enzymes 
present a wide spectrum of characteristics that make 
them useful for specific application. Microbial α- amylase 
are among the most important hydrolytic enzymes and 
have been studied extensively. Each application of α-
amylase from microbial source requires unique properties 
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with respect to specificity, stability, temperature and pH 
dependence (McTigue et al., 1995). It can be produced in 
amounts meeting all the demands of the market because 
the diversity of enzymes available from microorganisms 
is very great. They find potential applications in industry 
such as food, fermentation, textile (in desizing fabric), 
paper and detergent (Pandy et al., 2000; Hag et al., 
2003). The spectrum of amylase applications has 
expanded in several fields such as clinical, medicinal and 
analytical chemistry (Reddy et al., 2003). Despite the fact 
that many different α- amylases have been purified and 
charac-terized so far and some of them have been used 
in biotechnological and industrial applications, the 
presently known α- amylases  are not sufficient to meet 
most industrial demands ( Karbalaei-Heidari et al., 2007).  
High value of microbial extracellular enzyme is placed on 
extreme thermostability and thermostability of amylase 
for use in the bioprocess of starch (Adeyanju et al., 2007). 
Thermo stability is a feature of most of the enzymes sold 
for bulk industrial usage and thermophilic organisms are 
therefore of special interest as a source of novel thermo-
stable enzymes. Recent research with thermostable α-
amylase has concentrated on the enzymes of thermo-
piles and extreme thermopiles (Sadhukhan et al., 1992; 
Arnesen et al., 1998; Lin et al., 1998), and little is known 
about the properties of the enzymes produced by these 
organisms (Eduardo et al., 2000). Screening of micro-
organisms   with   higher   α- amylase    could    therefore, 
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facilitate the discovery of novel α- amylase suitable for 
new industrial applications such as bread and baking 
industries (Gupta et al., 2003). 

The objective of the present study is: to isolate and 
carry out a taxonomic characterization of a bacterial 
strain isolated from Sudanese soil which was found to be 
a potential source of thermostable α- amylase.  
 
 
MATERIALS AND METHODS 
 
All the chemicals used in this study are of analytical grade unless 

otherwise stated. This research was conducted between 2006 and 
2009 at the Central Laboratory, Ministry of Science and 
Technology, Sudan. 
 
Average diameter index of microorganism - average diameter of colony     
                                             Average diameter of colony                                               
                                                                                                  (1) 

 
 
Isolation of organism 
  
Soil samples were taken from 3 to 5 cm depth after removing 5 cm 
from the earth surface. These samples were collected into sterilized 
plastic bags and then transferred to labeled screw-caped bottles. 
Isolation of the microorganisms was performed by the soil dilution 
plate technique (Clark et al., 1958). The nutrient agar base 
containing soluble starch (1%) was used for bacteria isolation. The 

stock of the bacterial isolate was mixed with sterilized glycerol, and 
kept in 1 ml aliquots and preserved at -20°C for further use. 
 

 
Screening and identification of bacteria strain 
 

The isolated Bacillus strains were primarily screened for α- amylase 
synthesis after incubation at 60°C for 48 hr, the plates were flooded 
with a solution of 0.5% (w/v) I2 and 5.0% (w/v) KI (Thippeswamy et 

al., 2006). Colonies exhibiting halo starch hydrolysis were picked 
up. The clear zone surrounding the colony was measured in (cm) 
from the edge of the colony to the limit of clearing and also the 
diameter of colony was recorded. The relative amylolytic activity is 
expressed as an index of activity calculated according to the follow 
equation: Identification of the selected Bacillus strain was identified 
on the basis of standard morphological and biochemical tests 
according to the method described in Bergey's Manual of Deter-

minative Bacteriology (Buchanan and Gibbons, 1974). Subculture 
was prepared by a full loop of the suspension of vegetative cells 
streaked aseptically onto a nutrient agar (NA) several times until 
pure colonies were obtained. The pure isolates were maintained on 
NA slants and routinely sub-cultured every four weeks. 
 
 
Inoculum preparation 
 

50 ml of vegetative inoculum was transferred to 250 ml sterilized 
cotton-plugged Erlenmeyer flasks and then rotated at 200 rpm at 
35°C in a rotary shaking incubator for 24 h. 
 
 
Fermentation technique 
 

α-amylase fermentation was carried out by submerge fermentation. 
10% from the bacterial inoculums was inoculated to 500 ml shake-

flasks containing 100 ml of a defined medium (Horikoshi medium II) 
(Horikoshi, 1999). Soluble starch 1%(w/v), peptone 0.5%(w/v), 
yeast   extract   0.5%(w/v),    MgSO4.7H2O    0.02%(w/v),    K2HPO4  

 
 
 
 
0.1%(w/v),  and  Na2CO31%. The flasks were incubated at 37 C in 
an orbital shaker at 150 rpm for 24 to 48 hr with an initial pH of 7.0. 
The culture broth was then centrifuged (Hettich Mikro 20) at 30 rpm 

for 30 min at 4 C, the free-cell supernatant was used as an 
extracellular crude enzyme (Hanan et al., 2004). 
 
 
Determination of amylolytic potentially isolate activity (Iodine 
method) 
 
α- amylase activity was determined by Iodine method to assay the 
amylolytic activity (Fuwa, 1954). One unit of the activity is defined  
as the amount of enzyme that could produce a change of 0.01 

absorbency at 700 nm in the standard assay.  
 
 
Saccharification activity: Dinitrosalsylic acid (DNS method) 
 
The DNS method used involved estimating the amount of reducing 
sugar produced (DeMoraes et al., 1999), using 1% soluble starch 
as substrate. Glucose was used as standard. One unit of enzyme 
activity was defined as the amount of enzyme that formed 1 mg of 

reducing sugar in 1 min. 
 
 
Optimisation of α-amylase activity assay conditions (DNS)  

 
The influence of pH, time of incubation, temperature and soluble 
starch concentration were measured to optimize the enzyme assay 
conditions. Optimum pH was determined at different pH range (5 to 
10). Reaction time was determined at different time intervals 

ranging from 5 to 60 min with 2% soluble starch in phosphate buffer 

at pH 6.0 as earlier obtained at 60 C. The optimum temperature 
was determined by incubation of 2% (w/v) soluble starch in phos-
phate buffer pH 6.0 with the crude enzyme at various temperatures 

ranging from 40 to 100 C for 10 min. Substrate concentration was 
determined at various ranges from 0.5 to 3% (w/v). 
 

 
Biomass estimation 

 
The pellets were washed with acetate buffer three times in order to 
remove the starchy material attached to the pellet. The suspension 
were then filtered using a pre-weighted filter paper and dried in an 

oven at 60 C for 1 to 2 days to a constant weight for the measure-
ment of cell concentration (mg/ml) (Herbert, 1961). 

 
 
High Performance Liquid Chromatography (HPLC) 
 

For all analysis that involved HPLC, the conditions were set as 
follows: the column employed was of analytical column Supelcosyl 
LC-NH2 (5 μm) with length of 250 mm and 4.6 mm internal 
diameter. The mobile phase consisted of acetonitrite and water in 
ratio 75:25 (v/v). The flow rate was set at 1 ml/min. (Kouame et al., 

2004 ). The internal column temperature was maintained at 30 C 

and the evaporation temperature was 60 C. The eluent from the 
column was monitored by refractive index detector, and the data 
werte recorded by the integrated computer system attached to the 
HPLC (Waters corp.).  
 
 
Reaction conditions 

 
Extracted crude α- amylase was incubated with 1% soluble starch, 

while glucose and maltose were incubated at 70 C without the 
addition of crude enzyme. Then 3.5 ml of 0.3 mM NaOH was added 
to stop the reaction.  Samples were  filtered  through  millipore  filter 
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Figure 1.  Zone of clearance of Strain (2) which further identified as B. licheniformis. 

 

 
 

units of 0.2 m pore size prior to injection to the HPLC.  
 
 

RESULTS  
 

The first step was to isolate the desired microorganism 
that produces α- amylase. Among the four selected 
Bacillus strains (1, 2, 3, and 4) that showed the highest 
amylase synthesis, Strain 2 was selected because it gave 
a larger diameter zone of clearance (6.5 cm) (Figure 1) 
and the highest relative amylolytic activity (calculated with 
Equation 1) of 1.5 compared to the other species. There-
fore Strain 2 was chosen to fulfill the aim of this research 
which is amylase production. These culture were further 
screened for amylase production by submerge 
fermentation using the hydrolysis method.  
 
 

Characterization and identification of the isolated 
amylolytic bacterial strain 
 

The morphological and biochemical characteristics of the 
isolated amylase producing bacteria strain (2) are shown 
in Table 1. On the basis of standard method, the strain 
was assigned a code and identified as Bacillus 
licheniformis according to the method described in 
Bergey's Manual of Determinative Bacteriology 
(Buchanan and Gibbons, 1974). This strain (B. 
licheniformis) was selected for further studies (Figure 2).  
 
 

Amylolytic activity (Iodine method) 
 

Figure 3 shows the growth  profile  of  B.  licheniformis  in  

Horikoshi medium II during the 120 h cultivation. 
Maximum growth of the bacterium was obtained within 24 
to 84 h of cultivation based on biomass dry weight (0.13 
to 0.148 mg/mL). The activity of the enzyme reached a 
maximum within 36 h after inoculation (0.6867 U/mg/ml) 
and plateau off for the next two days. Beyond 96 h of 
growth, no increase in enzyme activity was recorded. The 
two profiles were paralleled and showed that the 
fermentation kinetics of α- amylase production by B. 
licheniformis might be classified as the growth associated 
type (Figure 3). Enzyme production was found to be 
concomitant with growth. 

The result of the crude enzyme of B. licheniformis 
might also contain a mixture of amylolytic enzymes as 
well asα-amylase as the iodine assay may not be specific 
for α- amylase activity. DNS method which determined 
the reducing sugar was used as a specific method. The 
results of enzyme activity using DNS method (Figure 4) 
showed thesame results as Iodine method indicating that 
the enzyme might be α- amylase. 

 
 
Optimisation of DNS assay conditions   
 
The influences of pH, time of incubation, temperature and 
substrate concentration were measured to optimize DNS 
assay conditions. The results showed a broad peak 
optimum pH with ranges between 6.0 and 9.0 and some 
activity was gained (0.01 U/mg/ml) at pH 10.0. The 
maximum B. licheniformis crude enzyme activity (0.0237 
U/mg/ml) was initially observed between pH 6.0 and 9.0 
(Figure 5).  
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Table 1 Morphological and biochemical characteristics 
of the isolated amylolytic bacterial strain. 
 

Characterization tests              Bacterial reaction 

Gram reaction + 

Cell shape Rod 

Motility test + 

Spore + 

Growth in air + 

Catalase + 

Oxidase - 

Starch hydrolysis + 

Nitrate reduction + 

VP + 

Citrate utilization + 

Urease + 

Oxidative- fermentation test F 

Casein hydrolysis + 

Indole production - 

Anaerobic growth + 

Acid from sugar fermentation 

 Glucose + 

Sucrose + 

Melibiose + 

Salicin + 

Raffinose - 

Cellobiose + 

Galactose + 

Xylose + 

Mannose + 

Growth at 50 C + 

Growth at 10% NaCl - 

Probable identity Bacillus licenformis 
 
 
 

 
 
Figure 2. B. licheniformis (microscopic characteristics). 
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Figure 3. Biomass and crude enzyme activity profiles during the growth of B. licheniformis 

using hydrolysis method (Iodine method). 
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Figure 4. Time course of B. licheniformis crude enzyme activity and growth curve using 

saccharification method (DNS method). 
 
 
 

Based on the substrate concentration, the extracted 
crude enzyme activity is shown to be linear between 0.5 
to 1.0%. Hence, a practical assay substrate concentration 
is taken to be 1.0% of 0.7941 U/mg/ml of α- amylase 
activity (Figure 6).α- amylase from B. licheniformis was 
found to be active (0.018 to 0.017 U/mg/ml) in a broad 

temperature range of 50 to 90 C and showed a maximum 
activity (0.0252 U/mg/ml) at around 70°C (Figure 7). The 
enzyme is active even at high temperatures of up to 

90 C.  
In selected reaction conditions, namely at a 

temperature of 70 C, substrate concentration of 1% and 
pH at 9.0 were used as optimal conditions to assay for  B.  

licheniformis α- amylase  activity using DNS method. 

 
 
HPLC analysis 
 
The result of the reaction mixture of glucose, maltose and 
B.   licheniformis   crude   enzyme   with    soluble   starch 
revealed that the retention time of glucose (Figure 8) and 
maltose were 8.841 and 2.588 respectively, where the 
area were 36909 and 11.5902  respectively, (Figure 9). 
B. licheniformis crude enzyme resulted in 8.561 retention 
time and an area of 279965 (Figure 10) which were 
nearly similar  to  the  reading  for  standard  glucose  and  
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Figure 5. Kinetic evaluation of different pH on the production of α-amylase by B. 

licheniformis. 
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Figure 6. Kinetic evaluation of different substrate concentration on the 

production of α-amylase by B. licheniformis. 
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Figure 7. Kinetic evaluation of different temperature on the production of α-

amylase by B. licheniformis. 
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Figure 8. HPLC chromatogram of standard glucose.   
 

 
 

 
 
Figure 9. HPLC chromatogram of standard maltose. 

 
 

 

 
 
Figure 10. HPLC chromatogram of glucose produced from B. licheniformis crude α- amylase with 

soluble starch after 20 min incubation time at 70 C and pH 6.0. 
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maltose. It is therefore concluded that the end product of 
B.  licheniformis crude enzyme with soluble  starch  could 
produce glucose and maltose as an end product. It can 
be clearly seen that B.  licheniformis is mainly an α- 
amylase producer. 
 
 
DISCUSSION 
 

Many bacteria produce extra-cellular amylases during 
fermentation of starch. From the result of the morpho-
logical and biochemical tests, the strain was identified as 
B. licheniformis. Robyt (1984) stated that many bacteria 
including B. licheniformis produce extracellular amylases 
during the fermentation of starch. B. licheniformis is a 
ubiquitous bacterium of importance in the environment as 
a contributor to nutrient cycling due to its production of 
amylase and other enzymes. The biosynthesis of α- 
amylase by B. licheniformis appears to be related since 
the enzyme in this isolate is primarily produced during the 
exponential phase. This observation is similar to the 
pattern of amylase synthesis by Clostridum 
acetobutylicum (Annous and Blaschek, 1991) while 
Adeniran and Abiose (2009) produced a potential α-
amylase from a fungi isolate. Some Bacillus produce the 
enzyme in the exponential phase, where as some others 
in the mid-stationary phase. Though the pattern of growth 
and enzyme profile of Bacillus spp. have similarities, the 
optimized conditions for the enzymes differ widely, 
depending upon the strain. 

The production and stability of the enzyme is very sen-
sitive to pH and temperature (Declerck et al., 2003). 
Slight changes in temperature and pH have adverse 
effect on the growth of microorganisms as well as on the 
produc-tivity of α-amylase (Anyangwa et al., 1993). The 
activity of B. licheniformis  crude α- amylase is in a broad 
temperature range showing that the enzyme is active at 

high temperatures of up to 90 C which was quite high 
comparable with other thermostable amylase (Jin et al., 
1990; Saxena et al., 2007). Ivanova et al. (1993) reported 
an optimum temperature of 90°C for B. licheniformis 
CUMC 305. This broad-temperature activity characteristic 
of the α-amylase produced lends the isolate B. 
licheniformis as a potential microbe to produce α-amylase 
required for high temperature applications. At elevated 
temperatures, they improve the solubility of starch, 
decrease the viscosity, limit microbial contaminants and 
reduce reaction time (Thippeswamy et al., 2006). This 
isolate showed that it is an alkaline Bacillus that produces 
alkaline enzyme at pH 9.0 and it also showed activity at 
pH 10. This is advantageous since the higher pH will 
lessen the tendency of gelatinized starch to retrograde 
(Yu et al., 1988). The concentration of the substrate 
resulted in 1% as optimum and it has been reported that 
the synthesis of carbohydrate-degrading enzymes in 
most species of Bacillus is subject to catabolic repression 
by readily metabolizable substrates such as glucose (Lin 
et al., 1998).  

 
 
 
 

HPLC chromatogram confirmed the availability of 
glucose and maltose, indicating that the crude enzyme in 
B. licheniformis is mainly α- amylase.   
 

 

Conclusion 
 

The newly isolated B. licheniformis strain which pro-
duces α-amylase is novel and offers interesting hydrolytic 
properties since the enzyme was active between pH 7 to 
10. Besides pH tolerance, the most striking feature of the 
enzyme is its thermostability. Also significant thermo-
stability of the enzyme make it potential for industrial 
applications such as starch liquefaction for sweeteners 
and syrups, textile desizing and paper industries, which 
requires the process to be carried out in multiple steps at 
high temperature. 
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