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ABSTRACT 

Introduction: The purpose of the present research work was to investigate the feasibility of production of alpha amylase enzyme from three 
bacterial species Bacillus subtilis, Bacillus licheniformis and Lactobacillus acidophilus and to check their applicability on maize starch hydrolysis. The 
present study was focused on the alpha amylase production from three bacterial species and comparative study of them to hydrolyse the maize 
starch. Method: For the growth of bacteria and amylase enzyme production from them, they were grown in a nutrient medium. These bacteria can 
produce alpha amylase enzyme in a nutrient medium. This amylase is responsible for starch hydrolysis, through this study we can find the 
alternative mean for the starch digestion. As with the age Alpha, amylase production becomes reduced in the human body. The enzyme alpha 
amylase is required to digest the starch. So, scarcity of this enzyme in the body may cause many diseases associated with carbohydrate, like diabetes 
and colon cancer. So, when the metabolic rate becomes down, and alpha amylase production is not properly achieved than to digest the food starch 
in our body we can give this extracted alpha amylase from bacteria in some form.  Amylase activity was checked by the Iodine assay and DNSA assay 
method. Result: Bacteria Bacillus subtilis has shown the highest 𝛂-amylase activity on the starch present in Maize kernel. 
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INTRODUCTION 

The enzyme alpha amylase is required to digest the starch. So, 
scarcity of this enzyme in the body may cause many diseases 
associated with carbohydrate, like diabetes and colon cancer. So, 
when the metabolic rate becomes down, and alpha amylase 
production is not properly achieved than to digest the food starch in 
our body, we can give this extracted alpha amylase from bacteria in 
some form. The present study was focused on the alpha amylase 
production from three bacterial species and comparative study of 
them to hydrolyse the maize starch. 

In the present study, Bacillus subtilis, Bacillus licheniformis and 
Lactobacillus acidophilus were studied. The alpha amylase 
production and their activity on maize starch, from all selected 
bacteria, were also observed.  

Bacillus species is fast and easy growing bacteria even in simple and 
cheaper media, and so they secreted enzymes directly into the 
growth agar medium.  This reduces the cost of production. So in the 
present work, we have selected these bacteria for alpha amylase 
enzyme production study by using DNSA assay technique and 
checked their applicability on maize starch hydrolysis. By checking 
bacterial amylase activity, we can find out which bacterial amylase 
has highest potential to digest the starch in maize. 

MATERIALS AND METHODS 

Maintenance of Bacteria 

Bacillus subtilis, Bacillus licheniformis and Lactobacillus 
acidophilus bacteria were and taken for study; grown separately on 
nutrient agar plates and slants at 37°C and sub cultured at 24h, 48h, 
72h and 96hours. 

The composition of nutrient agar media was (g/l) Peptic digest of 
animal tissue (Peptone) 10.00,Beef Extract 10,Sodium Chloride 
5.00,Agar 12.00 and pH was set at 7.0±0.1. Agar is not added in 
nutrient broth, it was prepared for production of enzyme. 

For each bacterial species the following scaling up technique was 
done separately. The inoculum was prepared by the adding bacteria 
into sterile distilled water. From this 0.5ml of suspension was 
inoculated in to 3ml of sterilized nutrient broth and incubated for 
24hours. From this 1 ml culture was inoculated into 9ml of nutrient  

 

Broth to make 10 ml cultures and incubated for 24hours. From this 3 
ml culture was inoculated into 27ml of nutrient broth to make 30 ml 
cultures and incubated for 24hours. From this 10 ml culture was 
inoculated into 90ml of nutrient broth to make 100 ml cultures and 
incubated at for 24hours. 

Collection of maize kernel 

Maize kernels were purchased from various markets in Mandsaur 
(M.P.) 

Growth Profile 

Growth absorbance was measured by taking the absorbance of 
cultures at 600 nm using a Spectrophotometer Model DIGISPEC-
200Gl. The un-inoculated broth was used as a control, against broth 
with growth. 

Assay for enzyme study 

The activity of the enzyme produced from each species of bacteria in 
the media was checked separately using enzymatic assay method at 
regular time intervals of 24h, 48h, 72h, and 96h, to find the time 
period and the medium with the substrate that showed the highest 
enzyme production. 

The incubated culture broth was centrifuged separately for each 
bacterial species at 8000 rpm for 20 minute in centrifuge. The 
collectedsupernatantwas used as enzyme extract for assaying 
enzyme activity estimation by using DNSA method. 

The method was proposed by Bernfield in 1955.The DNSA method is 
to detect the saccharifying action of α-amylase enzyme. In this 
method, the dinitrosalicylic was used. The aliquots of the substrate 
stock solution are mixed with the enzyme. It is followed by different 
time intervals and incubation at room temperature.DNSA reagent is 
added to the test tube to stop the reaction; the mixture is incubated 
in boiling water bath for 5 minutes. After cooling in cold water to 
room temperature, the absorbance of the supernatant at 540 nm is 
measured.  

The absorbance value for the substrate and enzyme mixture are 
subtracted to the enzyme blanks are analyzed. It gives a measure of 
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extent of saccharification of starch by α-amylase. This method is also 
known as dinitrosalicylic acid assay. 

Determination of growth activity of Maize Cereal 

Determination of germination capacity 

We have checked the germination capacity of taken seeds of cereals, 
by viability test. Then malting procedure was carried out for taken 
seeds. 

Selection of grains 

Seeds were collected, selected randomly, cleaned and finally unfilled 
seeds were discarded. 10 grains of maize counted and weighed. 

Steeping 

All the kernels of maize were washed with detergents, and they were 
rinsed 4-5 times with double distilled water. Maize was steeped for 
24 hours in water, in a beaker. From the beaker, water was drained 
and the grains separately distributed in a compact single layer on a 

petri dish.  Compact single layer on petri dish over lay with 
moistened filter paper. 

Germination 

Petri plate was covered separately and placed in the dark at room 
temperature for germination. Moisture content in each grain was 
maintained by adding few drops of water to the filter paper, 
occasionally. After 72 hours, seeds having shoot longer than 1 cm. 
were considered as viable. Under the controlled condition, wet 
grains grow, and its internal structure changes its sugar, starch 
amount. Viable seeds were counted and taken for α-amylase 
production in taken cereals. 

Kilning 

During this procedure, color and flavor of grains are changed so, 
warm air is passed to the grain, due to which growth of grain was 
halted and dry grain becomes stable. Dry grains stability is required 
to observe the saccharification activity of starch hydrolysis by α-
amylase enzyme. 

 

Fig.1: Determination of Germination Capacity of Maize Kernels. 

Application of α-amylase from Bacillus species for breakdown of 
grain starches to maltose 

Maize cereal kernels were taken, having starch as proved by various 
scientists. Maize starch contains larger content of amylopectin. 

Using amylase enzyme for breakdown of maize starch, applicability 
for food uses can be demonstrated. However, since we were not 
confirmed of the extent of liquefaction/saccharification that can take 
place after enzyme binding on maize kernels, an exploratory 
experiment was set up. The extent of breakdown may be indicated 
by the higher saccharifying activity, as checked by assaying the 
reducing sugars released (as reducing end groups). 

We took sieve to get different size of grain kernels. Then crush and 
sieved some maize kernels.Maize kernels were separated into two 
categories that are uncrushed kernel and crushed kernel.  

Uncrushed kernels were weighed and crushed kernels were sieved 
and weighed.Equal amounts of uncrushed and crushed kernels in 
glass tubes were taken. 10ml. of supernatant enzyme extract from 
96h culture growth of each bacterial species were taken from a 
100ml scale growth, and added to the crushed/semi 
crushed/crushed maize kernels in separate tubes.  

These were allowed to heat in boiling water bath for five mins. One 
test tube of each was kept blank in which no enzyme was added. It 
was incubated overnight at room temperature.Then, centrifuge the 
overnight incubated sample at 8000rpm for 20 minutes in cooling 
centrifuge. The suspension was then assayed for reducing sugars 
released during maize starch hydrolysis activity. Bernfield’s method 
with DNSA reagent for enzyme assay was done. 

RESULTS AND DISCUSSION 

Bacterial species 

All the bacteria isolated were further processed for enzyme activity 
and their applicability on maize starch hydrolysis. 

Growth profile 

Separately when all bacterial species Bacillus subtilis, Bacillus 
licheniformis and Lactobacillus acidophilus were inoculated on 
nutrient agar, it remained in lag phase for few hours then it starts 
depleting. It may be due to depletion of nutrients in the medium and 
due to the scarcity of the water. 
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(c) 

Fig.2:  Growth Absorbance (at 600 nm), Pellet Weight and Supernatant Volume as observed during different growth volume of (a) Bacillus 
subtilis, (b) Bacillus licheniformis and (c) Lactobacillus acidophilus  (a) 3ml, (b) 10ml, (c) 30ml and (d) 100ml. 

Production of Enzyme 

Saccharifying action of α- amylase enzyme in nutrient broth showed 
that the enzyme excreted in higher volume (100 ml), reduced during 
the period between 24 h to 96 h of growth saccharifying action of α-
amylase enzyme from 

Bacillus subtilis in 30 ml volume of nutrient broth at 24h, 48h, 72h 
and 96h shown from 28.83 U/ml, 32.02 U/ml, 98.97 U/ml and 72.75 
U/ml; Liquefying action of α-amylase enzyme from Bacillus subtilisin 
100 ml volume of nutrient broth at 24h, 48h, 72h and 96h shown 
99.4 U/ml, 166.56 U/ml, 172.99 U/ml, and  167.24 U/ml 
respectively.  

Bacillus licheniformis in 30 ml volume of nutrient broth at 24h, 48h, 
72h and 96h shown from 26.83 U/ml, 30.12 U/ml, 96.75 U/ml and 
70.75 U/ml; Liquefying action of α-amylase enzyme from Bacillus 
licheniformis in 100 ml volume of nutrient broth at 24h, 48h, 72h 

and 96h shown 96.4 U/ml,  160.65  U/ml, 170.99 U/ml, and  165.24 
U/ml respectively. Lactobacillus acidophilus in 30 ml volume of 
nutrient broth at 24h, 48h, 72h and 96h shown from 10.83 U/ml, 
12.11 U/ml, 18.17 U/ml and 19.75 U/ml; Liquefying action of α-
amylase enzyme from Lactobacillus acidophilus in 100 ml volume of 
nutrient broth at 24h, 48h, 72h and 96h shown 15.4 U/ml,  95.56  
U/ml, 96.99 U/ml, and  90.24U/ml respectively.  

The enzyme excreted in lower volume (30 ml), did not reduce to the 
extent as in higher volume (100 ml) during the period between 24 h 
to 72 h of growth and the reason that may attribute to this behavior 
by the organism is the excretion of the other metabolites (like 
proteases in higher levels in higher volume of broth) and that 
heterologous proteins (amylases) are often rapidly degraded in the 
presence of such extracellular proteases. However, confirmation to 
this reasoning needs to be performed and proven in this study yet. 
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Fig.3: Enzyme -amylase (assayed as Saccharifying activity) secreted during growth of (a)Bacillus subtilis (b)Bacillus licheniformis 
(c)Lactobacillus acidophilus in  30 ml and 100ml volumes of the Nutrient broth. 

3.4 Application of 𝛂-amylase enzyme activity to check its starch 
hydrolysis working in maize cereals. 

Germination capacity of Maize was studied and observed good for 
maize. Previous research workers have confirmed that cereal 
germination capacity of up to 80% was recommended as viable. 

Alpha amylase from Bacillus subtilis has shown highest saccharifying 
action on powder form of maize granule that is 60.197 and least in 
pure maize granules that are 40.32. It has suggested that in powder 
form starch gets easily be broken by alpha amylase, so it shows the 
highest hydrolysis. 

Alpha amylase from Bacillus licheniformis has shown highest 
saccharifying action on powder form of maize granule that is 50.18 
and least in pure maize granules that are 34.32. It has suggested that 
in powder form starch gets easily be broken by alpha amylase, so it 
shows the highest hydrolysis. 

Alpha amylase from Lactobacillus acidophilus has shown highest 
saccharifying action on powder form of maize granule that is 29.88 

and least in pure maize granules that are 21.06. It has suggested that 
in powder form starch gets easily be broken by alpha amylase, so it 
shows the highest hydrolysis. 

α-amylase production in sprouting cereals was more from Bacillus 
subtilis in compare to Bacillus licheniformis and Lactobacillus 
acidophilus Sprouting maize showed peak amylase activity at three 
days. 

The present studies showed that Maize must be sprouted 72 hours, 
and for 72-96 hours for maximum amylase production. At the peak 
amylase production, the amylase activities were observed to 
produce maltose/ glucose per minute for sprouting  Maize. 

The present result showed that maize has the best yield of alpha 
amylase at peak amylase production. 

This observation shows that maize starch is highly hydrolyzed into 
from alpha amylase yield at peak amylase production from Bacillus 
subtilis. 

 

 

(a)                                                                                                          (b) 

Fig. 3.3 Maize Starch hydrolysis (a) Absorbance and (b) Enzyme Activity 

Considering the amylase production observed in the present work, it 
is possible to conclude that the characteristics of α-amylase from 
different cereals differ and so may have different levels of usefulness 
in the food industries. Maize may be a better source for amylase 
production and can be a substitute for other α-amylase in industrial 
processing. 
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