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          A B S T R A C T                         

Introduction  

Alpha-amylase obtained from the Bacillus 
spp.: B. subtilis, B. stearothermophilus, B. 
licheniformis and B. amyloliquefaciens is 
widely used for various applications. Today 
in the global enzyme market, -amylases 
account for about 30% (Sivaramakrishnan et 
al., 2006). These enzymes have applications 
in starch processing, desizing of textiles, 
paper sizing, detergent additive, bread 
improvement, ethanol production, sewage 
treatment, effluent treatment and other 
fermentation processes (Pandey et al., 2000; 
Maarel et al., 2002; Haki & Rakshit, 2003; 
Gomes et al., 2005).   

The feed of poultry usually constitutes many 
starches or barley material; The addition or 
pre-treatment of the feed with -amylases 
improves the nutritional value and the 
digestibility of fiber in the feed (Ismail et 
al., 1992; Uhlig, 1998; Van der Maarel et 
al., 2002; Gavrilescu & Chisti, 2005; 
Ghorai, et al., 2009)   

In any treatment system, food processing 
wastewater offers a unique challenge; often 
containing multiple types of contaminants 
that pose serious threat to the ability of 
standard sewage treatment. By 
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To test the potency of partially purified -amylase produced by Brevibacillus 
borstelensis R1 in applications such as sago and rice industrial effluent treatment, 
sewage water treatment and fodder production. In test (5% Brevibacillus 
borstelensis R1) the maximum production of maltose (1167±58 g/ml) was 
observed on the 18th day in sago effluent and in rice effluent the maximum 
production of maltose (1283±12µg/ml) was observed on the 21st day. The biomass 
(0.96±0.002gm/ml) and maltose (1057±29 g/ml) production have increased 
throughout the study on sewage water and reached maximum on the 30th day. The 

-amylase was useful in solving the problem of water pollution of industrial 
effluents and sewage water by hydrolyzing the substrates. The -amylase was also 
found to be useful in bakery, food, fodder for poultry, automation dishwashing and 
in laundry industries. 
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biotechnological effluent treatment of food 
processing starch waste water can produce 
valuable products such as microbial biomass 
protein and purified effluent (Aiyer, 2005).   

Materials and Methods  

Treatment of Sago effluent  

The sago effluent was collected in sterile 
BOD bottles at Sri Ravi Sago Factory, 
Hussenpuram Samalkot, East Godavari 
District, Andhra Pradesh, India and brought 
to the laboratory for testing. Hundred ml of 
the effluent was taken in two Erlenmeyer 
flasks. One was inoculated with 5% of 
Brevibacillus borstelensis strain R1 as test 
and another served as control without 
inoculation of the organism. The Erlenmeyer 
flasks were incubated for 30days at room 
temperature (250C). The -amylase activity 
(U/ml) was determined by collecting one ml 
of the sample at regular intervals of 3days 
for 30days.  

Treatment of Rice effluent  

The rice effluent was collected from Sirius 
Overseas Pvt. Ltd., Peddapurum, East 
Godavari District, Andhra Pradesh, India in 
sterile BOD bottles and brought to the 
laboratory. Effluent sample (100ml) was 
taken in two Erlenmeyer flasks labeled as 
test (inoculated with 5% of Brevibacillus 
borstelensis strain R1) and control without 
inoculation. Then the Erlenmeyer flasks 
were incubated for 30 days at room 
temperature (250C). The -amylase activity 
was estimated by collecting one ml of the 
sample from the incubated flasks at regular 
intervals of 3days for 30days.  

Sewage water treatment  

The sewage water with major content of rice 
porridge was collected from house hold 
kitchen with sterile BOD bottles and brought 

to the laboratory for further work. In each 
Erlenmeyer flask 100ml of sample was 
dispensed. Flask inoculated with 5% of 
Brevibacillus borstelensis strain R1 was 
labeled as test and flask without inoculation 
was used as control. All the samples were 
incubated for 30 days at room temperature 
(250C). The -amylase activity (U/ml) was 
estimated by DNS method.   

Fodder production  

Fodder production of Brevibacillus 
borstelensis strain R1 was analyzed from the 
test by dry weight method. From the 
incubated sample, 5.0ml was taken in a 
centrifuge tube and subjected to 5000rpm 
for 15minutes. The supernatant was 
discarded and dried in an oven for 
30minutes and the weight of the centrifuge 
tube was recorded. The dry weight was 
calculated as the weight of the dried 
centrifuge tube minus weight of the empty 
centrifuge tube. The dry weight was 
estimated after every three consecutive days 
for 30days.  

Estimation of Maltose by Dinitro salicylic 
acid (DNS method)  

The enzyme extract (0.5 ml) was transferred 
to a test tube containing 0.5 ml of 1.0% 
soluble starch solution. The mixture was 
incubated at 37ºC for 10 min. Then 1.0 ml 
of dinitrosalicylic acid reagent (DNS) was 
added to each test tube. The tubes were 
placed in boiling water for 5 min and cooled 
at room temperature. The contents of tubes 
were diluted up to 10 ml with distilled 
water. The absorbance was read at 546 nm 
using a spectrophotometer and converted to 
mg of maltose from the standard (Miller, 
1959). One unit of enzyme activity was 
defined as the amount of enzyme that 
releases 1.0 mmol of reducing sugar 
(maltose) per minute under the assay 
conditions. 
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Statistical analysis  

All the experiments were conducted in 
triplicate. The results were given as mean 
value ± standard deviation. The conditions 
were analyzed to determine the significant 
difference between the variables by one way 
ANOVA, two way ANOVA and correlation 
analysis by using the scientific graph pad 
(Prism 6.1version software).     

Results and Discussion  

Partially purified -amylase from 
Brevibacillus borstelensis R1 was purified 
to 3.9 fold purification, when the crude 
enzyme was subjected to (NH4)2S04 

precipitation and gel filtration. Alpha 
amylase proved it s potency in many fields: 
in treatment of effluents from sago and rice 
industries, sewage water treatment and in 
fodder production.  

Treatment of sago effluent industry  

Sago industry effluent was harmful to the 
water bodies and soil due to the presence of 
sago starch. The samples were collected 
from local sago industry (Figure 1A). Two 
erlenmeyer flasks each with 100ml of 
sample were taken as control and test 
(inoculated with 5% Brevibacillus 
borstelensis R1) (Figure 1B). The maltose 
( g/ml) was estimated at regular intervals 
during 30 days of study. In the test the 
maximum maltose concentration was 
observed on 18th day (1167±58 g/ml) 
whereas no increase in maltose 
concentration was observed in control 
(Figure 1C).   

Treatment of rice effluent industry  

The rice industry effluent was collected in 
BOD bottles from the preparation area of the  
parboiled rice and rice flakes (Figure 

2A).The Erlenmeyer flasks were labeled as 
control and test (treatment with 5% 
Brevibacillus borstelensis R1 inoculum) 
(Figure 2B). The maltose ( g/ml) was 
determined for 30 days (Figure 2C). In test 
the maltose concentration reached maximum 
(1283±12 g/ml) on 21st day and later 
decreased.   

Sewage water treatment   

The modern technology for removing the 
starch from the kitchen sewage was adopted 
in the present study. The sewage water: 
control and test (treatment with 5% 
Brevibacillus borstelensis R1) are shown in 
the figure 3A.  

Fodder production  

The biomass and maltose concentration 
during starch degradation were calculated 
for all samples during 30 days. The biomass 
(0.96±0.002gm/ml) and maltose 
concentration (1057±29 g/ml) have 
increased throughout the study and reached 
maximum on 30th day (Figures 3b & c).  
   
In the present study, the application of -
amylase produced from Brevibacillus 
borstelensis R1was used in treatment of 
sago, rice industries effluent and kitchen 
sewage water. The test sample treated with 
5% Brevibacillus borstelensis R1 was 
proved to be the best in degrading the starch 
and also increased the biomass production 
subsequently. Aiyer (2005) reported about 
the treatment of  food processing  of starch 
in waste water and standard sewage 
treatment with amylases and amylase 
producing microorganisms which produced 
valuable microbial biomass protein (used as 
fodder), solving pollution problem and also 
used in effluent purification.  
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Figure.1 Sago effluent industry (A) sample collecting point (B) control, test (inoculated with 

5% Brevibacillus borstelensis R1) (C) Figure showing the concentration of  
maltose in test.   

  

Y bars indicate the standard deviation of mean value. 

**** P < 0.0001 Values differ significantly at p<0.05.  
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Figure.2 Para boiled Rice & flakes effluent industry (A) Sample collecting point (B) control, 
and test (treatment with 5% Brevibacillus borstelensis R1) (C) Figure showing the maltose 

concentration in test  

  

Y bars indicate the standard deviation of mean value. 
**** P < 0.0001 Values differ significantly at p<0.05.  
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Figure.3 Sewage water (A) control, test (treatment with 5% Brevibacillus borstelensis R1) 

(B) Figure showing production of biomass (C) Figure showing maltose concentration during 
Submerged Fermentation  

  

Y bars indicate the standard deviation of mean value. 
**** P < 0.0001 Values differ significantly at p<0.05.  

 

Y bars indicate the standard deviation of mean value. 
**** P < 0.0001 Values differ significantly at p<0.05.   

Partially purified -amylase from 
Brevibacillus borstelensis R1 was purified 
of 3.9 fold purification, when the crude 
enzyme was subjected to (NH4)2S04 

precipitation and gel filtration. The -
amylase produced by Brevibacillus 
borstelensis R1 was found to be useful in 
sago and rice industrial effluent treatment, 
sewage water treatment, fodder production 
for poultry. The -amylase was also useful 
in solving the problem of water pollution 
of industrial effluents and sewage water by 
hydrolyzing the substrates.   
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