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Amylases take part with vital role in industries such as food, fermentation; starch processing, textile and
paper etc. Increasing amylases demand, high nutrient expenditure and environmental pollution have
forced to utilize agro-industrial residues as a low-cost feedstock for enzyme production. In present study,
three soil samples were collected from agro-industrial waste dumping areas in District Faisalabad. Ten
thermophilic bacterial isolates were separated at 55 �C on the basis of colonial morphology, three isolates
(F6, F11, F17) showed prominent zone of clearance applying iodine test on starch agar plates. Bacterial
isolate F-11 showed highest amylase activity with DNS method and molecularly identified through
16S RNA sequencing as Bacillus sp. with Accession number MH917294. Four unconventional food wastes
(banana, lemon, mango and potato) pretreated with 0.8% sulphuric acid concentrations taking 1000 g/L
weight released the highest sugars contents and phenolic components. Maximum amylase activity i.e.
29.23 mg/ml was achieved in mango waste at, 40 �C, with pH 6.0 and 0.17% nitrogenous source adding
8% inoculum size (2 days old) using Response Surface Methodology (RSM) for optimization. Crude amy-
lase confirmed its efficiency in starch hydrolysis that suggested it as potential candidate for application in
starch industries.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Enzymes are biocatalysts that lead a large number of biochem-
ical processes and hence play a very vital role in life processes
(Awan et al., 2018). Enzymes are obtained preferably from
microbes rather than plants and animals because this method is
advantageous economically as well as gives higher yields in short
fermentation time (Chowdary and Prakash, 2018). Microbes from
different sources e.g. fungi, bacteria and yeast have been used in
order to obtain the best enzyme yield. Production cost of enzyme
depends on fermentation cost of media. In order to produce eco-
nomically safe bioactives, different food wastes are being used to
get low cost enzymes (Rigo et al., 2010).

A huge amount of residues is generated yearly by different agri-
cultural industries. These residues are source of environmental
pollution and adversely affect the animal and human health if
these wastes are directly thrown in the surroundings without
proper disposal (Sadh et al., 2018). It is reported that most agro
industrial wastes are directly disposed through dumping, burning
and land filling without planning because these wastes are
untreated and underutilized, so different harmful effects arise in
the atmosphere such as addition of greenhouse gases in the envi-
ronment (Rodríguez Couto, 2008). In actual the compositions of
these wastes have high nutritional value but these residues are
considered as agro-industrial by-products (Graminha et al.,
2008). Sugar, protein, fibers and minerals are primary component
of these wastes (Benabda et al., 2019). The integral components
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of agro-industrial wastes contain cellulose, hemicellulose and lig-
nin on the whole being called ‘‘lignocellulosic materials”
(Mussatto et al., 2012).

Enzyme market of world contains 25% of this industrially
important class (Rajagopalan and Krishnan, 2008). Among these
amylases are important in starch liquefaction to reduce viscosity,
maltose production, high fructose syrup and maltotetrose syrup
(John, 2017). Different sources such as animals, plant and microor-
ganisms are used for amylases production but microbes are prefer-
able source for industries (Aiyer, 2005; Awan et al., 2018; John,
2017; Mushtaq et al., 2017; Sodhi et al., 2005). Amylases are used
in a number of important industries such as food, brewing, textile,
paper, detergent and pharmaceutical (Chakraborty et al., 2009;
Mojumdar and Deka, 2019; Sahnoun et al., 2015). Today ther-
mophilic microbes are used in industrial processes due to the rea-
son of low chances of contamination and decreased cost of cooling.
Isolation of new effective strains of amylase producing microbes is
necessary for the production of large quantity of a-amylases that
have a large industrially importance (Singh et al., 2016).

The purpose of this study is to isolate efficient thermophilic
amylolytic bacterium from local industrial habitat, increase its
amylolytic activity by RSM and evaluate its potential by employing
food wastes as low cost medium. Application of crude amylases
showed great potential as an additive in detergent industry as well
as saccharification of starch in other industries.
2. Materials and methods

2.1. Collection of sample and isolation of thermophilic amylolytic
bacterium

Three soil samples were collected from agro-industrial wastes
dumping areas in vicinity of Faisalabad, Pakistan in sterilized
capped bottles. After collection, the samples were processed for
isolation of thermophilic amylolytic bacteria. Different colonies
were isolated at 55 �C and sub-cultured in order to get pure culture
of thermophilic bacteria. Starch agar medium was used to separate
amylolytic bacteria.
2.2. Screening of amylase producing microbes

Isolated colonies were taken from pure culture plate and were
spread on starch agar plates containing 0.2 g starch, 2.0 g agar
and 1.3 g nutrient broth. This method was followed according to
Singh with little modifications. Incubation was done at 55 �C for
24–48 h. Every plate was bathed with Gram’s iodine to confirm
starch hydrolysis. All the isolates were preserved in agar slants
and glycerol stocks were also prepared.
2.3. Molecular identification and phylogenetic analysis of bacterial
isolate

The select bacterial isolate was cultured in nutrient broth and
processed for DNA extraction. PCR amplification using primer
907R 50 (CCG TCA ATT CMT TTR AGT TT) 30 and 1492R 50 (TAC
GGY TAC CTT GTT ACG ACT T) 30 were carried out following gel
electrophoresis and get sequenced fromMacrogen Company Korea.
All the procedure was done by following method (Jabeen and Qazi,
2014). The sequence was compared with available database bank
on NCBI using BLAST tool. The sequence was carried to ClustalW
program and aligned with closest relative. ClustalW program pack-
age was used to plot phylogenetic tree.
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2.4. a-Amylase assay

By estimating total released reducing sugars, alpha amylase
activity was estimated by following method of Bernfeld (1955).
One unit of enzyme activity is defined as the amount of enzyme,
which produces 1 lmole of reducing sugar per minute (U/ml/min).

2.5. Optimization for amylase yield of selected bacterium through RSM

Five independent variables (inoculum size. inoculum age, media
concentration, yeast extract, pH) with five different levels (+2, +1,
0, �1, �2) were planned by using Central Composite Design of
RSM leading to a total of 32 sets per experiment was formulated
to optimize the process parameters. Different coded values show-
ing minimum and maximum ranges of independent variable were
determined.

2.6. Cultivation of selected amylolytic bacteria in agro-industrial
wastes

2.6.1. Sample collection and processing
Four different types of food wastes banana, lemon, mango and

potato peels were used as substrate. All food wastes were obtained
from different areas of Faisalabad. After collection food wastes
weret washed with simple tap water and then with distilled water
until soil were removed from wastes peels. After washing, all these
peels were dried in sunlight and then in oven at 70 �C until con-
stant weight were achieved.

2.6.2. Pretreatment of wastes
All four wastes after processing were pretreated with different

concentrations of H2SO4. For acid pretreatment different concen-
trations of biomass 500, 1000 and 1500 (g/L) were taken in 0.6%,
0.8% and 1% sulphuric acid.

2.6.3. Determination of total sugar and phenol content
For the determination of total sugar content of all biomass, phe-

nol sulphuric acid method was used Dubois et al. (1956). For the
determination of total phenolic components of pretreated biomass,
the method was used according to Sanz et al. (2005).

2.7. Cultivation of bacterial strain on pretreated agro-industrial wastes
through submerge fermentation

For cultivation of bacterial strain on agro-industrial wastes,
2.5 g of every pretreated waste powder was mixed in 250 ml
dH2O, mixed well and left for 2 h at room temperature. After that
filtered these wastes and the collected filtrate was divided into two
flasks each containing 100 ml filtrate. In one flask added 0.6% NaCl
and 0.17% yeast extract and in second flask no nutrients were
added and again autoclaved. Now optimized inoculum size and
age of selected bacterial strain was added in all flasks, optimized
conditions were followed and optical density was taken at
540 nm by using spectrophotometer.

2.8. Application of crude amylase

In order to check the effect of crude amylase, medium contain-
ing starch 0.2%, NaCl 0.6% and yeast extract 0.17% were mixed in
100 ml distilled water. Optimized pH was set i.e. 6.0 and auto-
claved at 121 �C. After that optimized inoculum of identified bacte-
rial strain F-11 was added in this reaction mixture, incubation was
done at optimized temperature i.e. 60 �C for 24 h and divided this
mixture into two beakers. Starch solution was prepared by adding
0.05 g starch in 10 ml dH2O. Cotton cloth was used, spread 0.5 ml
starch solution on it, dried in air, dipped this cloth having crude
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amylase enzyme of Bacillus sp. F11 in one beaker and left for 30
mins at 50 �C. After incubation DNS test was applied on the mix-
ture containing starch stained cotton piece and also on mixture
containing no starch stained cloth that acted as control. Glucose
release was compared in both situations by taking optical density
at 540 nm through spectrophotometer (Simair et al., 2017).

Starch was calculated by multiplying 0.9 with total glucose as
described by (Saxena and Singh, 2011). Where glucose amount
(g/ml) represented by A and B is total starch amount (g/ml).

% Efficiency ¼ A� 0:9� 100
Bs
3. Results

3.1. Isolation of thermophilic amylolytic bacteria

For isolation of thermophilic amylolytic bacteria three different
soil samples were used from Faisalabad district near Government
College University Faisalabad. Ten different isolates of ther-
mophilic bacteria were isolated from soil samples in nutrient agar
medium at 55 �C showed zone of clearance on starch agar plates
but out of these ten bacterial isolates only three showed prominent
starch hydrolysis zone.

3.2. Screening of the bacterial isolates

Main purpose of this study was to isolate, characterize and
identify extra- cellular amylolytic bacteria from nearest localities.
Further screening of bacteria was done on the base of amylolytic
activity. Out of ten, three strains F-6, F-11 and F-17 were showed
large zone in starch-iodine test and were selected for further stud-
ies. Out of these three, F-11 was showed large zone in Fig. 3.1.

3.3. Morphology of ten different colonies of bacterial isolates:

Morphology of bacterial isolates was observed and most iso-
lates were off-white in color, but others were reddish brown. Most
isolates showed opaque characteristic but few of them were
translucent. Bacterial isolates were also different in other charac-
ters such as shape, edge, elevation etc.

3.4. Identification of isolate by 16 S RNA sequencing

The most active producer of amylase was get sequenced and
found to be the closest homolog of Bacillus sp. with accession no.
MH917294. The total GC content was 52.77% with 99% similarity
Fig. 3.1. Zone of starch clearance by Bacillus sp. F11.
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index. Sequencing based phylogenetic tree was constructed repre-
sented in Fig. 3.2.

3.5. Optimization of amylase production by Response Surface
Methodology

Central composite design runs with their experimental and pre-
dicted values for the production of high amylase activity. The rela-
tionship between five independent variables (pH, temperature,
nitrogenous source, inocula size and inocula age) and total amylase
activity is represented through polynomial equation, generated by
applying Response Surface Methodology on application data. In
this equation some terms are linear while others are quadratic.
In this equation pH, temperature, N/S%, I/S%, I/age days, pH* I/age
days, temperature*I/S% have positive values which showed that
these terms either linear or quadratic were highly significant for
amylase production. While pH*pH, N/S%*N/S%, I/S%*IS%, pH* tem-
perature, pH*N/S%, pH*I/S%, temperature*I/age days, N/S%* I/age
days and I/S%*I/age days have negative values that represented less
significance for amylase activity. Bacillus licheniformis F-11 showed
amylase activity ranged from minimum 3.59 mg/ml in run 13 (pH
6, temperature 40 �C, nitrogenous source 0.17%, inocula size 8% and
inocula age 4 days) to maximum 45.31 in run 15 (pH 6, 40 �C,
nitrogenous source 0.17%, inoculum size 8% and inoculum age
2 day) in all experimentally observed responses. Response opti-
mization is shown in Fig. 3.3.

3.6. Pretreatment of food wastes with H2SO4 acid

Pretreatment of wastes i.e. banana, potato, lemon and mango
was performed with 0.6% 0.8% and 1% H2SO4 acid, by using 500,
1000 and 1500 (g/L) quantity of wastes. Results declared that
0.8% acid with 1000 g waste gave the highest sugars contents
and phenolic components while these contents decreases either
when raises the acid quantity or amount of wastes shown in
Fig. 3.4.

3.7. Cultivation of Bacillus sp. F11 on pretreated agro-industrial wastes
through submerge fermentation

Bacillus sp. F11 was cultivated in pretreated banana, lemon,
mango and potato peels waste under optimized conditions. After
24 h amylase production increases in medium having nutrients
but trend was turned to opposite side while passing 48 h shown
in Fig. 3.5. Among all wastes maximum amylase production was
estimated in mango peels i.e. 29.23 mg/ml.

3.8. Application of crude amylase

Bacillus licheniformiswas cultivated in optimized conditions and
growth was taken after 24 h at 60 �C. Starch stained cotton cloth
soaked in amylase solution of Bacillus sp. F11 showed high amylase
activity and represented 104.94% hydrolysis that showed these
amylases can be used as an additive in detergent for starch
hydrolysis.

4. Discussion

The use of food wastes as low cost substrate for production of
enzymes is valuable for the agriculture countries like Pakistan pro-
ducing abundant wastes. Keeping in this view the purpose of the
present study was to isolate thermophilic amylolytic bacterium
from industrial area and to utilize kitchen wastes for production
of amylases. Employment of such wastes to produce valuable pro-
duct resolve the environmental problems. Thermostable amylases



Fig. 3.2. Phylogenetic tree of Bacillus sp. F11.

Fig. 3.3. Optimization of amylase activity Bacillus sp. F11 by RSM.

Fig. 3.4. Comparison of sugar and phenolic contents of pretreated wastes.
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alongwith the benefit of growth in optimized conditions through
the method of RSM enhanced the quality of product.

In the present study a total of 10 bacterial isolates were isolated
from soil samples. Three soil samples were collected from nearby
3502
areas of Government College University Faisalabad for the isolation
of thermophilic amylolytic bacteria. Starch iodine test was consid-
ered best for selection of amylolytic bacteria.Manyworkers isolated
amylolytic bacteria for production of amylases. Selected bacterial



Fig. 3.5. Cultivation of bacterial strain F-11 on pretreated potato waste.
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isolate through analysis of 16S rRNA showed that specific bacteria
belonged to genus Bacillus.Most species of genus Bacillus are found
in soil. Bacillus sp. is found everywhere because by forming endo-
spore they are able to bear extreme conditions. Four species of ther-
mophilic Bacillus licheniformis through 16S rRNA sequencing as
active amylase producerwere identified (Awan et al., 2018). In order
to fulfill all industrial needs Bacillus species. are considered good
producers of amylase (Krishnan et al., 2017; Tiwari et al., 2015).

Response surface methodology is statistical technique and effi-
cient tool used for analysis of large number of variables. In order to
optimize one factor only one variable is changed while all others
remain constant. During fermentation process different parame-
ters effect on one another and their combined effect show response
i.e. formation of amylase (Almanaa et al., 2020). So, one factor opti-
mization process cannot show precise amount of amylase
(Mushtaq et al., 2017). Five different independent factors pH, tem-
perature, yeast extract, inoculum size and inoculum age were used
with different ranges for optimization of the selected bacterial iso-
late F-11 through RSM. In all 32 runs, Bacillus sp. F-11 showedmax-
imum amylase activity 45.304 mg/ml at pH 6.0. For optimum
amylase production, 6 pH was found suitable (Saxena and Singh,
2011). In one research, amylase yield was best in pH 5.5 in rice
bran and 13U/mg was its specific activity (Suganthi et al., 2011).
One experiment showed 5–9 working pH range for amylase activ-
ity with Bacillus licheniformis (Awan et al., 2018). By using Pseu-
domonas mendocina for amylase production, optimum amount
(1.303 U) was produced at pH 7.0 (Padhiar and Kommu, 2016).

Temperature is significant parameter influenced amylase activ-
ity. In this study 60 �C was found to be highly optimized for high
yield of amylase production (Finore et al., 2014). The same results
were found by working on thermophilic Bacillus licheniformis
(KA-2, KA-6 and KA-9) and showed that 55 �C was optimized tem-
perature for high yield of amylase production i.e. 0.046 U/ml,
0.052 U/ml and 0.07 U/ml respectively (Awan et al., 2010). Maxi-
mum yield of a-amylase was 6.37 ± 0.67 at 50 �C by using Bacillus
sp. (Singh et al., 2016).By using potato peels, groundnut husk,maize
straw and corn chaff, it was found that maximum production was
detected at 40 �C (Obi et al., 2019). For enzyme production another
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important factor for high yield includes inoculum size. In our study
8% was the most suitable for amylase production. A research was
completed on Bacillus sp. for amylase production and found that
inoculum size of 20% was the best for high yield (Saxena and
Singh, 2011). Amylase produce by using wheat bran and found that
inoculum size of 20% was paramount for high yield (Saxena and
Singh, 2011) but in an experiment enzyme formation was badly
affected by increasing inoculum size (Anto et al., 2006) Inoculum
age was also important for high enzyme yield and in the present
study inoculum of 48 h was appropriate for amylase production.
Bacillus licheniformis strains KA-2, KA-5, KA-6 and KA-9 produced
0.043 mg/ml, 0.0428 mg/ml, 0.0483 mg/ml 0.025 U/ml amylase
activities at 24 h. Nitrogen source play chief role in production of
proteins so its quantity also affects the quantity of enzyme produc-
tion. Yeast extract was the nitrogen source utilize for amylases pro-
duction. In this study 0.17% yeast extract was the best for high
amylase yield from F-11. Yeast extract was the most suitable nitro-
gen source for enzyme yield by using Bacillus licheniformis (Awan
et al., 2018).

Several researchers worked on different agro-industrial wastes
employing several microbes who exhibited their abilities to pro-
duce amylase (Muhammad et al., 2010). Four agro-industrial
wastes banana, lemon, mango and potato were used for amylase
production by using Bacillus sp. (F-11). Mushtaq et al. (2017) also
worked on potato peels, washed and dried at 70 �C for amylase
production by using Bacillus sp. Jadhav et al. (2013) also found
potato peels the potential producer of amylases. Siddiqui et al.
(2014) also reported amylase from Bacillus sp. AY3 growing on fruit
peels. Kumar et al. (2013) investigated that amylase was produced
by using mango kernel by Fusarium solani through submerge fer-
mentation. In an research wheat bran and potato peels were found
to be best substrate for high yield of amylase with a specific
enzyme activity 1.2 U/ug and 1.1 U/ug recpectively (Mojumdar
and Deka, 2019). Amylase was also produced from Bacillus subtilis
D19 and shows highest amylase ativity 640 U/g in wheat bran
(Almanaa et al., 2020).

Pre-treatment is a significant mean for breakdown of the struc-
ture of these agroindustrial wastes mainly composed of cellulose,



F. Saleh, A. Hussain, T. Younis et al. Saudi Journal of Biological Sciences 27 (2020) 3499–3504
hemicellulose and lignin. Cellulose is major component present in
high quantity in agro-industrial residues. It is well known that lig-
nified hemicellulose and cellulose are present in the cell wall that
result in need to have an effective method to separate them from
cell wall. Chemical pretreatment methods are the most effective
way to breakdown the material in the agroindustrial wastes and
expose the components for utilization. Sulphuric acid (H2SO4)
was used for pretreatment of all four wastes by adding different
concentration of acid such as 0.6%, 0.8% and 1% and determined
total sugar and total phenol. In our study maximum concentration
of total sugar and total phenol was found in 0.8% acid in all four
wastes. In an research wheat straw was pretreated with dilute sul-
phuric acid and found that 4% dilute sulphuric acid gave rise to
high production of product (Mirza et al., 2013).

In washing process, the use of a-amylase has been proved effi-
cient in removing starch stain by estimating glucose released.
Bacillus sp. BCC 01-50 produced crude a- amylase by the utilization
of raw starch sources such as soluble starch, potato, wheat and
corn starches whose effectiveness was examined by the amount
of breakdown of various starch materials during a short period
(Simair et al., 2017). These thermostable amylases can be used in
various industries as in this study starch stained fabric released
sugars showed hydrolysis of starch, produced by selected bacterial
strain (Prakash and Jaiswal, 2011; Shukla and Singh, 2015).

5. Conclusion

From this study it was concluded that agro-industrial wastes
cause serious pollution in our environment and by utilization of
these wastes we can produce different enzymes like a-amylase
which has large number of applications in starch industry. So, in
this way we not only removed pollution from our surroundings
but at the same time produce industrially important enzyme
through low cost methods. In addition thermostable amylases
showed its additional potential in working harsh industrial
applications.
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