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Abstract: Amylases (EC 3.2.1.1) hydrolyses the -1,4glycosidic linkages of starch. Microbes are the most
preferred sources of enzymes due to their broad biochemical diversity. The present study is focused with the
isolation of amylase producers from soil receiving kitchen waste and to optimize the cultural condition for the
maximum amylase production. From the 17 isolates one isolates was selected based on amylase activity and
identified  as  Bacillus  sp.  The various parameters have conducted for maximum enzyme production.
Production parameters were optimized as temperature (40°C), incubation period (72 h) and inoculums size (2%).
Among different carbon and nitrogen source supplemented starch and yeast extract respectively showed
enhanced production. In the case pH neutral pH was suitable for maximum enzyme production by Bacillus sp.
The molecular weight of partially purified amylase was 84 Kda.
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INTRODUCTION diversity, high enzymatic activity in a wide range of

Amylases constitute a class of industrial enzymes; manipulation to obtain enzymes of desired characteristics
hydrolyse starch and glycogen as substrate. Two [4-6].
important types of amylases are -amylases and Since almost all the species of the Bacillusgenus
glucoamylases. Alpha-amylases is industrially important, synthesize -amylase, this genus has the potential to
which hydrolyse  1, 4 glycosidic linkages in starch and dominate the enzyme industry. The use of submerged
related substrates [1]. culture is advantageous because of the easy of

Amylases account for about 30% of the world’s sterilization and process control is easier to engineer in
enzyme production [2]. Microbial amylases could be these systems [7]. The present study was mainly focused
potentially useful in the pharmaceutical and chemical on the production of amylase from Bacillus sp. from
industries. Amylases have opened new frontiers of many kitchen waste soil and optimizing various parameters to
commercial biotechnological process including renewable enhance the amylase production.
energy, pharmaceuticals, saccharificcation, detergent
industries, baking, brewing, detergent, textile, paper and MATERIALS AND METHODS
distillery industry [3, 27].

In  recent  years  the  potential    of  microorganisms Sample Collection: Samples were collected in
as  bioresources  for   production   of  industrially polyethylene bags from soil receiving kitchen waste
important amylases have stimulated interest in the Trivandrum, Kerala, India. The bacteria were isolated by
exploration of amylolytic activity in several microbes [3]. serial dilution and streak plate methods. The isolates were
Microbial amylases have broad spectrum of industrial maintained on nutrient agar slants and subcultured for
applications as they are more stable with great genetic every 15 days.

conditions, simple and effective cost production and easy
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Screening of Amylase Producers: All the isolates were Forty eight hours cultures of Bacillus sp.were centrifuged
tested for their amylolytic activity using starch agar media and the cell free extract was saturated with ammonium
containing soluble starch as carbon source. After sulphate up to 80%. The content was incubated overnight
incubation the plates were flooded with iodine solution and centrifuged at 5000 rpm for 20 min. Supernatant was
for 1 min until the entire medium became colored in blue. collected and saturated up to 90% with ammonium
Formation of a clear zone around colonies in blue sulphate. Then the content was centrifuged at 5000 rpm
coloured medium indicated hydrolysis of starch and for 20 min and pellet was collected for further analysis.
confirmed production of  amylase enzyme [8]. The The enzyme mixture was transferred in a dialysis bag
selected bacteria were morphologically identified. and immersed in phosphate buffer at 4°C for 24 h. Buffer

Production of Amylase: The production medium for throughout the process. Buffer was changed three times
amylase consisted of [g/l]: 6.0 g Bacteriological peptone; during the process in order to obtain proper purification.
0.5g MgSO . 7H O; 0.5 g; KCl; 1.0 g Starch, pH 7 was The dialysate was further purified by DEAE cellulose ion4

inoculated with 1% (1x 10  CFU/ml) of 24h seed culture exchange column, which was pre-equilibrated with same6

and incubated with shaking (150 rpm) at 37°C for 48h in an buffer. The enzyme was collected at a flow rate of
orbital cum shaker incubator. 0.6ml/min with linear NaCl gradient (0-1.0 M).

Optimization of Fermentation Conditions: The Molecular Weight Determination by SDS-PAGE: The
fermentation condition for amylase production was molecular weight of the partially purified amylase enzyme
studied for different parameters. The experiments were was estimated using SDS-PAGE with 12% polyacrylamide
carried out systematically in such a way that the gel as described by Laemmli [11]. The bacterial proteins
parameter optimized in one experiment was maintained at were stained with 0.2% Coomassie Brilliant Blue. The
its optimum level in the subsequent experiments. The molecular weight of the partially purified amylase was
different parameters that enhance the production of estimated using standard ‘protein markers’ of known
amylase were studied by taking one factor at a time. The molecular mass (14.3-97.4 kDa)
parameters such as temperature (20-50°C); incubation
period (24-144 h);carbon sources-1% (starch, sucrose, RESULTS AND DISCUSSION
dextrose, fructose, maltose and lactose); starch
concentration (0.5-5%);nitrogen source-0.5% (peptone, Isolation and Screening of Amylase Producers: In the
casein, malt extract, yeast extract, beef extract and present investigation a total of 17 bacterial strains were
urea);inoculum size (0.5-5%) and pH (3-9) of the medium. isolated  from  soil  receiving  kitchen  waste. Among the

Amylase Assay: The amylase assay was based on the colonies. The strains VS 04, VS 12 and VS 16 were
reduction in blue colour intensity resulting from enzyme selected for quantitative screening. Among these only
hydrolysis of starch [8, 9]. The reaction mixture consisted one strain showed the highest activity of 53 U/ml, was
of 0.2 ml enzyme (cell free supernatant), 0.25 ml of 0.1% selected for further study (Fig. 1). The selected strain was
soluble  starch  solution and 0.5 ml of phosphate buffer identified as Bacillussp VS04. Starch degrading
(0.1 M, pH 6.8) incubated at 50 °C for 10 min. the reaction amylolyitc enzymes are of great significance in
was stopped by adding 0.25 ml of 0.1N HCl and colour biotechnological applications ranging from food,
was developed by adding 0.25ml of I/KI solution (2 % KI fermentation and textile to paper industries [12, 13].
in 0.2% I). The optical density (OD) of the blue colour
solution was determined using UV-Vis spectrophotometer Effect of Temperature on Amylase Production:
at 690 nm. One unit of enzyme activity is defined as the Temperature is a vital environmental factor which controls
quantity of enzyme that caused 0.01% reduction of blue the growth and production of metabolites by
colour intensity of starch iodine solution at 50°C in one microorganisms and this is usually varied from one
min per ml [9]. organism to another [15]. Enzyme production was

Partial Purification of Amylase Enzyme: Partial maximum enzyme production of 67 U/ml was observed at
purification of amylase enzyme was achieved by 40°C (Fig. 2). The optimum range for enzyme production
ammonium sulphate precipitation followed by dialysis. was  35-40°C.  Nusrat  and  Rahman  [14]  reported that the

was continuously stirred using a magnetic stirrer

17 isolates, only 3 strains showed clear zone around the

gradually increased with increasing temperature and
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Fig. 1: Screening of bacterial isolates for amylase by B. licheniformis 44 MB 82-G was recorded after 96h
production using glucose as carbon source [17].

Fig. 2: Effect of temperature on amylase production by amylolytic enzymes. There are also reports on maltose as
Bacillus sp. a best carbon source for amylase production from

Fig. 3: Effect of incubation period on amylase production of 2% starch on production medium.
by Bacillus sp.

maximum -amylase production was at temperature 37°C High enzyme titre (189 U/ml) was attained when yeast
by the B. amyloliquefaciens. Sushma et al. [6] reported extract was used as nitrogen source, compared to other
the  maximum  amylase  activity  for  B.  subtilis  at 40°C. nitrogen  sources  (Fig.  6). There is previous report on the

At higher temperature the bacterial growthgets
suppressed and consequently enzyme formation also gets
inhibited [12].

Effect of Incubation Period on Amylase Production: The
incubation period varies with enzyme production. The
results illustrated in Fig. 3 showed that the production of
amylase increased gradually from 24h and reached its
maximum at 72 h of incubation, thereafter, the enzyme
production started decreasing. Decreased enzyme yield
on prolonged incubation could also be due to inhibition
and denaturation of the enzyme [16]. Short incubation
period offers potential for inexpensive production of
enzymes. The optimum amylase enzyme activity produced

Effect of Carbon Source on Amylase Production: Various
sources of Carbon such as starch, fructose, maltose
dextrose, lactose and sucrose were added in growth
media. Results obtained showed that, starch brought the
highest amylase production compared to other carbon
sources at 72 h incubation in Bacillus sp. (Fig. 4). Rao and
Sathyanarayana [18] reported that the different carbon
sources have varied influence on the extracellular
enzymes especially amylase strains. Bajpai and Bajpai [19]
reported that different carbon sources can greatly
influence the production of amylase. Starch is generally
accepted as nutritional component for induction of

Bacillus sp.  [20].  They  mentioned   that   induction  of
- amylase requires starch and maltose as substrate.

Starch was used as a carbon source [21] for amylase
production from B.licheniforms. In another study,
B.mairinishowed the maximum enzyme activity in the
presence of starch as carbon source; whereas, the
minimum enzyme activity and protein content were
observed in the presence of dextrose [22].

Various starch concentration on enzyme production
was studied with Bacillus sp. VS04 (Fig. 5). The maximum
amylase activity was found with the addition of 2% starch
and this result agreed with Mishra and Behera [23] who
reported the maximum amylase production by the addition

Effect  of  Nitrogen  Source  on  Amylase Production:
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Fig. 4: Effect of carbon source on amylase production Fig. 7: Effect of inoculum size on amylase production

Fig. 5: Effect of starch concentration on amylase Fig. 8: Effect of pH range on amylase production by
production Bacillus sp.

Fig. 6: Effect of nitrogen source on amylase production

stimulating effect of yeast extract and peptone in amylase parameters, the growth medium pH plays an important role
production  [24],  our  finding also agrees with that. by inducing morphological changes in microbes and in
Various organic nitrogen sources have also been reported enzyme secretion. The pH change observed during
to support  maximum  amylase production by various growth of microbes also affects product stability in the
Bacillus sp [25-29]. Yeast extract and peptone are medium [33]. Different organisms have different pH optima
favoured for growth and synthesis of amylase for and decrease or increase in pH, oneither side of the
Bacillus sp. [30]. optimum  value  results  in  poor  microbial growth [34].

Effect of Inoculum Size on Amylase Production: The
proliferating biomass and the available nutrient
balancegreatly  influence  the  enzyme   synthesis  [30].
The amylase production from Bacillus sp. VS04 was
studied at different inoculum size from 0.5% to 5%. As
shown in Fig. 7 it was found that the amylase production
was positively correlated with the inoculum size up to 2%.
However, further increasing in the inoculum size above
2% inversely correlated with the enzyme production; this
is could be due to the enhanced biomass that results in
nutrients depletion that then decrease the metabolic
activity [31].

Effect of pH on Amylase Production: Among the physical
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The maximum activity of amylase (Fig. 8.) was observed in 3. Pandey,  A.,  P.  Nigam,  C.R.  Soccol,   V.T.  Soccol,
the fermentation medium adjusted at pH7. These results D. Singh and R. Mohan, 2000. Advances in microbial
suggest that there is a stimulationof enzyme synthesis at amylases. Biotechnol. Appl. Biochem., 31: 135-152.
neutral pH and that the higher enzymeproduction at this 4. Tanyildizi, M.S., D. Özer and M. Elibol, 2005.
pH was a result of increased cell growth.The pH of 6 and Optimization   of -amylase   production by
7 has been reported for normal growth andenzyme activity Bacillus sp. using response surface methodology.
in Bacillus strain isolated from soil [35-38].Neutral pH was Process Biochemistry, 40: 2291-2296.
found to be optimal for amylase productionas also 5. Vidyalakshmi, R., R. Paranthaman and J. Indhumathi,
reported in B. thermooleovoransNP54 [39], B. coagulans 2009. Amylase Production on Submerged
[40], B. licheniformis  [41],  B. subtilis  JS-2004   [42]  and Fermentation  by Bacillus spp. World  J. Chemistry,
B. brevis [43]. 4: 89-91.

Molecular Weight Determination: Purification of amylase Isolation and Characterization of Bacillus Subtilis
from Bacillus sp. was carried out in threesteps. Specific KC3 for Amylolytic Activity. International Journal of
activity increased from 18.5 to 742.11 U/mg at Bioscience,    Biochemistry       and    Bioinformatics,
approximately  45.13  folds  purity  and yield of 25.47% 2: 336-341.
after column chromatography. The molecular weight of 7. Sankaralingam, S., T. Shankar, R. Ramasubburayan,
the partially purified amylase enzyme produced by S. Prakash and C. Kumar, 2012. Optimization of
Bacillis sp. VS04 was about 84kDaprotein as per SDS Culture Conditions for the Production of Amylase
PAGE and activity staining profile. Members of Bacillus, from Bacillus licheniformis on Submerged
obtained from diverse sources and environments, can Fermentation. American-Eurasian J. Agric. and
produce different types of amylases with varying Environ. Sci., 12: 1507-1513.
molecular weights. Athermostable amylase stable at pH 8. Shaw,  F.J.  and  T.M.  Ou-Lee,  1984. Studies on the
9.0 from B. cohniiUS147 [44] had an apparent molecular -amylase from the germinated rice seeds. Bot. Bull.
weight of  30 kDa.  Two starch-binding protein bands of Acad. Sin., 23: 41-46.
26 kDa and 105 kDa were reported in Arthrobacter 9. Palanivelu, P., 2001. Analytical biochemistry and
psychrolactophilus [45]. separation techniques. 2  Ed., Kalamani printers,

CONCLUSION 10. Swain, M.R., S. Kar, G. Padmaja and R.C. Ray, 2006.

These are a class of enzymes that are capable of production  of   extracellular -amylase  from
digesting the glycosidic linkages found in starch or Bacillus subtilis isolated form culturable cow dung
glycogen. The results obtained in the present study microflora. Pol. J. Microbiol., 55: 289-296.
indicated Bacillus sp. isolated form soil receiving kitchen 11. Laemmli, U.K., 1970. Cleavage of structural proteins
waste have amylolytic activity and found out the optimal during assembly of the head of bacteriophage T4.
condition for the maximum amylase production using Nature, 227: 680-685.
submerged fermentation with starch and yeast extract as 12. Pandey, A.,  C.R.  Soccol  and  D.  Mitchell,  2000.
carbon and nitrogen source. New   developments    in   solid   state  fermentation:
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