
ABSTRACT
The α-amylases (EC 3.2.1.1; 1,4-α-D-glucan glucanohydrolase) are very important commercial industrial enzyme 
produced by various microorganisms. Aim of present study is to analyze the production of crude amylase including 
other hydrolytic enzymes (xylanases and pectinases) in Bacillus subtilis LC4 nutrient culture supplemented 
with banana agriculture waste as a fermentation substrate. The B. subtilis culture was grown on TY [trypton 
(10 g L-1), yeast extract (5 g L-1), NaCl (5 g L-1)] medium as used as a control medium (LB0). Two levels of extracts 
(15% and 30%) of different banana parts (leaf, leaf sheath, floral leaflets, banana peel and sucker) were maintained 
in LB1 (1/8LB0) medium. Maximum cell growth was observed in LBa,z (2.167±0.120) supplemented with leaf blade 
as a substrate and LBa (1.570±0.069) control TY-medium. The cultures were harvested after 12-hrs of incubation. 
Production of enzymes and complex banana substrate saccharification into simple soluble sugars was observed. 
Maximum soluble sugars (10.06±0.188 mg ml-1) in LBs.a and reducing sugars (6.217±0.097 mg ml-1) in LBs,a noted 
than other cultures (p≤0.05), while total proteins in LBt,a and prolines in LB3,a which remined lower than LBa 
(TY-medium). The hydrolytic enzymes like as α-amylase showed highest activity in LBa (leaf blade) and LBa
(fruit peel), xylanase in LBz,a (leaf blade) and LBt,a (sucker), while pectinase in LBs,a (fruit peel) and in LBt,a. 
The above outcomes have shown that cheapest agro-banana industry wastes are promising fermentation substrate 
to produce low cost industrial enzymes as well as secondary metabolites.
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INTRODUCTION

Banana (Musa spp.) is grown extensively since earliest 
human agriculture (Frison and Sharrock, 1998).  
It produces agriculture wastes in the form of fruit peel, 
pseudostem, leaves and sucker, which are posing serious 
environmental problems due to its improper management 
(Essien et al 2005). Meanwhile, its wastes are rich with 
fermentable proteins and starch (Mohiuddin et al., 2014) 
could be useful in production of biogas (Tewari et al., 
1986), ethanol (Itelima et al., 1992), methane (Li et al., 
2016) and lactic acid (López‐Bac and Gómez, 1992). 
Banana waste may also be useful for production of low-
cost industrial enzymes (Barredo, 2005; Patel et al., 2012 
Ahmad, and Danish, 2018).

The amylases are the most important textile industries 
enzymes it is also useful in other industries including 
food, paper, pharmacy and detergent (Walker and Dundee, 
2009; Demirkan, 2011). Its in-vitro production with 
synthetic cell nutrient medium is appeared costly that’s 
why short-cut in cost of amylase production is required. 
Agriculture wastes are the major low-cost available 
plant polysaccharide such as starch, lignocelluloses and 
chitins on earth. Being hydrolyzed with extra-cellular 
α-amylase or glycogenase into dixtrins than smaller 
oligomers and finally glucose molecules (Demirkan 
et al., 2005). These extra-cellular enzymes including 
amylases are produces by microorganisms for their 
nutrition. Indeed, the secretion of amylases has been 
reported as in archae (Kwak et al., 1998), actinomycetes 
(Kar et al., 2008), bacteria (Agüloglu et al., 2014: Slavic 
et al., 2016) and fungi cells (Sahnoun et al., 2012) under 
aseptic conditions. 

The α-amylase could be obtained from higher organisms 
such as plants and animals. Like as, it has been isolated 
from barley and rice (Oboh, 2005) but commercially not 
available because of complex downstream purification 
from the cultures of higher organisms. The α-amylases 
isolated from various microbial genotypes have 
shown diverse performances under normal to harsh 
physical condition (Vengadaramana, 2013). However, 
microorganisms are playing very important role in 
efficient production of α-amylases due to their rapid 
growth rates and being genetically manipulate-able 
(Dumorné et al., 2017).Microbial enzymes are useful 
under industrial conditions because of their low cost 
availability, large productivity and stability under 
harsh chemical conditions with variable plasticity in 
their activity (Rana et al., 2013). The B. subtilis is well 
known soil growing, non-pathogen (Baysal and Yıldız, 
2017) and is being horse for numerous extra-cellular 
heterologous proteins secreting micro-organism (Huang 
et al., 2018).

A large variety of industrial amylases have been 
derived from very wide and diversified Bacillus genus  
(Barros et al., 2013). A number of studies are performed 
with better α-amylase production either in wild or 
recombinant form in different B. subtilis strains  
(Yang et al., 2011). As it has been widely used for 
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α-amylases production with different nutrition rich in-
vitro cultures. The agriculture wastes are the available 
low cost microbial fuel, which could be utilized for 
the growth of microbial cultures as well as to gain 
their by-products including extra-cellular enzymes  
(Haq et al., 2018).

The fate of agriculture wastes may be on choice either 
allowed to decompose itself with the passage of time or 
fired-up. Meanwhile, there is not proper management 
or utilization of banana agro-wastes. Even its all parts 
especially fruit peel is rich with minerals, carbohydrates 
and proteins (Subedi and Walsh, 2011; Fahrasmane et 
al., 2014). It could be utilized as a raw material for 
biosynthesis of various bio based products. The B. subtilis 
is able to utilize banana wastes either in fresh or dry mass 
and could produce extra-cellular hydrolytic enzymes 
while may be helpful to reach the industrial need  
(Silpa et al., 2018). There has not been much work done 
for the selection of a specific part of banana agro-wastes 
except fruit peel is useful for the production of α-amylase 
or other enzymes with B. subtilis. The aim of the present 
study is to search out a proper organ of banana plant 
which plays a significant role in the production of 
enzymes specially α-amylases. The B. subtilis as being 
non-pathogenic industrial micro-organism could make 
it possible to produce low cost α-amylases, which is a 
prime need of the time to boom the economy of a country 
in food to garment industries.

MATERIAL AND METHODS

Preparation of fermentation substrate: The banana 
agriculture wastes were collected from open banana 
fields. Farmers excises the plants banana fields at the 
time of plant harvest as well as diseased plants. Different 
parts of banana plant were targeted such as leaf blade, 
leaf midrib, pseudostem, floral leaflets, fruit peel and 
sucker. The collected material was washed with tap-H2O 
to remove dirt, dried with filter-paper and crushed into 
fine pieces (looks like powder) with Molineux blender. 
Its exact 50 g was mixed with 50 ml dH2O and again 
crushed with blender for 5 min. The crushed mixture 
was squeezed first with muslin cloth and then filtered 
with filter-paper. The extracted fluid was stored at 4˚C 
for next use (Gomes et al., 2008).

Preparation of agriculture nutrient based fermentation 
medium: The tryptone yeast extract-based TY or 
Schaeffer [tryptone (10 g L-1), yeast extract (5 g L-1), NaCl 
(5 g L-1)] medium was used for batch mode fermentation 
(Sambrook et al., 1989). It was used as a control culture 
denoted as LB. Two levels of concentration (15% and 
30%) of each extract of banana parts were maintained 
in LB (1/8LB0) medium (Table 1). Total volume of each 
fermentation culture maintained 25 ml in 200 mL 
Erlenmeyer flasks. The cultures were fermented in an 
orbital shaker (250 rpm) at 37°C after its sterilization 
through autoclave at 121˚C for 15 min.

Pure Culture of B. subtilis and Preparation of Inoculum:For 
B. subtilis LC4 cell activation, almost 20 µl of glycerol 
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stock was used to inoculate 5 ml TY-medium. The 
culture was incubated with 250 rpm shaking at 37°C for 
overnight in dark. Its 0.5 ml was sub-cultured in 50 ml 
LB medium and incubated at same conditions for 1 hour. 
The O.D of culture was checked it’s around OD600 0.5). 
From this master culture, other cultures were inoculated 
to raise an initial OD600 equivalent to 0.05. All these 
cultures were incubated at 37°C with constant 250 rpm 
shaking for 12 hours Bacillus fermentation period. After 
O.N., cultures were harvested after taking culture’s OD.

temperature and absorbance was read against blank at 
540 nm on spectrophotometer (Marin et al., 2010).

Performance of Hydrolytic Enzyme Assays: The 
α-amylase activity of B. subtilis enzyme crude was 
measured with DNS assay (Worthington, 1993). In brief, 
reaction mixture was prepared by mixing 2 ml 20 mM 
phosphate buffer (pH 7), 0.2 ml crude enzyme, 0.2 ml 
freshly prepared substrate (5 % starch). The mixture was 
incubated at 37°C for 15 minutes. The 2 ml of DNS was 
added to develop a complex of α-amylase product as well 
as to stop the enzyme reaction. The liberated amount of 
reducing sugars was estimated by reading OD at 540 nm 
with UV-VIS spectrophotometer. For xylanase activity, 
1 ml of crude enzyme sample was mixed with 1 ml 
substrate [1 g xylose dissolved in 100 ml citrate buffer 
(pH 5.3)] in the test tubes. The mixture was incubated at 
60°C for 15 minutes. Exactly, the equal volume of DNS 
was added to stop the reaction. Absorbance was noted at 
540 nm against blank (Hansen and Moller, 1975). 

For pectinase assay, 167 μl crude enzyme was mixed with 
1 ml buffer [0.1 M citric acid or phosphate Buffer (pH 
5.0)] than add 167μl substrate (0.5% D-galacturonic acid). 
The mixture was incubated at 37°C in water bath for 60 
min. Exact 0.334μl of reagent A (40 g anhydrous Na2CO3 
dissolved in 600 ml ddH2O than stirred after adding 16 
g glycine until dissolved. The 0.450 gm CuSO4 5H2O was 
also added during stirring and volume raised to 1 liter) 
and B (1.2 g neocuprine-HCl dissolved 1-liter ddH2O and 
stored in brown bottle at 4°C) were added separately. 
Mixture was heated in boiling water bath again for 13 
min. tubes were cool down at room temperature then 
2ml H2O added and mixed by inversion. Absorbance 
was read at A450 against water blank and activity was 
determined from D-galacturonic acid standard curve 
(Holtzhauer, 2006).

Statistical Analysis: Cultures of this experiment were 
maintained with three replicates. Collected data of 
different parameters of experiment were subjected for its 
significance analysis and Duncan’s Multiple Range test 
at 5 %. It was computed with COSTAT (CoHort software, 
Berkeley, USA) software, a statistical package.

RESULTS AND DISCUSSION

The increasing human population acquires variant 
qualities in food to textile products. Both depend on 
annual production of agriculture crops to their processing 
ways either chemical and or enzymatic based. Specifically, 
enzymatic processing is considered as safe, while is being 
costly when enzymes are produced with the utilization of 
synthetic nutrient medium. Micro-organisms are efficient 
for the production of extracellular enzymes, while costs 
remain high if secreted in commercial synthetic medium. 
It is quite possible to reduce the production costs of 
extracellular hydrolytic enzymes with the utilization of 
cheap agro-wastes as raw materials for the cell growth 
of microorganisms (Yang et al., 2011). The agriculture 
wastes like as peels of potato, banana, orange, molasses 
and cane bagasse including their plants or aqueous 
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S. #s	 Medium	 Composition of medium

1	 LB0	 Tryptone 10 g L-1, NaCl 5 g L-1

		  and yeast extract 5 g L-1

2	 LB2	 1/8LB0 + dH2O
3	 LB2,0	 LB1+ 15 % leaf blade extract + dH2O
4	 LB3	 LB1+ 30 % leaf blade extract + dH2O
5	 LB3	 LB1 + 15 % leaf midrib + dH2O
6	 LB4	 LB1 + 30 % leaf midrib + dH2O
7	 LB6	 LB1 + 15 % pseudostem + dH2O
8	 LB0	 LB1 + 30 % pseudostem + dH2O
9	 LB0,2	 LB1 + 15 % floral leaflets + dH2O
10	 LBa	 LB1 + 30 % floral leaflets + dH2O
11	 LBa	 LB1 + 15 % fruit peels + dH2O
12	 LBt	 LB1 + 30 % fruit peels + dH2O
13	 LBte	 LB1 + 15 % sucker + dH2O
14	 LBt	 LB1 + 30 % sucker + dH2O

Note: LB: TY-medium; Volume of each culture was 
maintained 25 ml in 200 ml conical volumetric flask

Table 1: Composition of Bacillus Subtilis Lc4 Growth 
Cultures Supplemented With Agro Banana-Wastes As 
Fermentation Substrate

Extraction of Crude Enzyme: For crude enzyme extraction, 
over-night (O. N.) fermented medium was diluted with 
50 ml dH2O. The mixture was agitated for 1 hr flask 
with 160 rpm shaking. The mixture was filtered with 
cheesecloth for removal of cells. It was also centrifuged 
at 5000 rpm for 10 minutes at 4°C. Supernatant was 
transferred in new tube and used as crude enzyme 
(Singh et al., 2009). Determination of Organic Contents 
in B. subtilis Culture: Total proteins measured by mixing 
sample (0.5 ml) with 2.5 ml alkaline copper reagent 
at room temperature than 0.25 ml Follin-Ciocalteau 
reagent was added after 10 min and absorbance read at 
750 nm (Lowry et al., 1951). Reducing sugars were also 
analyzed in same sample by mixing 1 ml supernatant 
and 1 ml DNS (3,5-dinitrosalicyclic acid). After heating 
the mixture in boiling H2O for 5 min, absorbance was 
read at 540 nm (Miller, 1959), while total sugars were 
determined according to (Hansen and Moller, 1975).  
For free proline determination, 0.5 ml sample was mixed 
with equal volume of glacial acetic acid in a test tube. 
The 0.5 ml acidic ninhydrin and 1 ml toluene were also 
added and mixture was incubated for 1 hour in a boiling 
water-bath. The reaction was cooled down at room 
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extracts are useful carbon sources either used in minimal 
or synthetic growth medium. Such medium could be more 
workable, if they are used for Bacillus subtilis for the 
production of industrial important hydrolytic enzymes 
(Haq et al., 2018).

The B. subtilis is the subject for production of α-amylases 
including other hydrolytic enzymes and its efficiency of 
saccharification for banana agro-industrial wastes used 
as fermentation carbon source. For this experiment, a 

12-hrs B. subtilis culture on seven organs of banana 
agro-waste was maintained in LB1 (1/8LB) medium 
including LB0 (control) TY-medium. After 12 hours of 
culture incubation, maximum cell growth (OD) was 
observed in LBz,a (2.167±0.120) supplemented with 
leaf blade as a substrate and LB0(1.570±0.069) with 
standard TY-medium. The distinct B. subtilis growth 
phases observed among the organ specific cultures, 
which depends on the type or part of banana agro-waste 
materials supplemented as nutrient source (Sharma et 
al., 2017).

#s	 Nutrient	 Culture growth 	 Soluble	 Reducing sugars	 Total proteins	 Proline contents
	 medium	 OD	 sugars	 (mg ml-1)	 (mg ml-1)	 (mg ml-1)
			   (mg m-1)

1.	 LB1	 1.570±0.069bc	 12.66±0.276a	 6.821±0.236b	 15.63±0.045a	 2.177±0.045a

2.	 LB2	 0.653±0.017h	 4.360±0.552b	 2.644±0.195f	 12.06±0.023j	 1.540±0.062bc

3.	 LB2a	 1.753±0.068b	 7.328±0.138f	 3.924±0.171de	 11.20±0.158e	 1.608±0.080abc

4.	 LB3	 2.167±0.120a	 9.114±0.227cd	 6.189±0.569b	 13.53±0.102bc	 0.843±0.057de

5.	 LB3a	 1.155±0.009efg	 8.200±0.187g	 5.387±0.284ef	 11.16±0.023g	 1.441±0.119bcd

6.	 LBa	 1.112±0.039fg	 8.045±0.081ef	 3.249±0.089c	 13.63±0.208d	 1.549±0.057bc

7.	 LB'a	 1.339±0.062cde	 7.215±0.284def	 6.217±0.162de	 13.06±0.057h	 1.471±0.034bcd

8.	 LBs	 1.412±0.093cd	 9.508±0.162bc	 3.924±0.154b	 13.29±0.260C	 0.980±0.023cde

9.	 LBa	 1.400±0.049cd	 6.793±0.154g	 5.331±0.073de	 12.77±0.045f	 1.549±0.091bc

10.	 LBs,a	 1.506±0.117c	 10.08±0.138b	 3.924±0.365c	 13.96±0.442b	 0.618±0.040e

11.	 LB0a	 1.233±0.035def	 8.200±0.171ef	 4.402±0.008d	 12.77±0.113d	 1.461±0.063bcd

12.	 LBt	 1.530±0.015c	 10.06±0.188b	 6.217±0.097a	 12.55±0.260bc	 0.892±0.096de

13.	 LBta	 0.983±0.070g	 5.513±0.179g	 2.921±0.219d	 12.45±0.226	 0.667±0.125e

14.	 LBt	 1.482±0.110c	 6.751±0.114cde	 3.260±0.049b	 13.75±0.340bc	 1.382±0.006ab

p -significance	 24.844***	 40.132***	 43.513***	 225.87***	 5.962***

Table 2. Adjustment of Various Biochemical In Bacillus Subtilis LC4 Growth Cultures Supplemented With Agro Banana-
Wastes As Fermentation Substrate

Lowest growth was noted in LB3,a (1.112±0.039) and 
LBa (1.412±0.093) cultures, when cells were growing on 
medium supplemented with leaf midrib and pseudostem 
respectively (Table 1 and 2). Variable amounts of total 
soluble sugars and reducing sugars observed among the 
cultures. This fluctuation among these parameters might 
be due to the structural variation in substrate type of the 
nutrient medium (Table 1). In this study, maximum total 
soluble sugars were noted as 10.06±0.188 mg ml-1 and 
reducing sugars 6.217±0.097 mg ml-1 in LB0a and LBa 
respectively (Table 2). The total proteins observed higher 
in LBt,a and prolines in LB3,a (p≤0.05), while remained 
lower than LB (TY-medium) B. subtilis cultures.

The production of lower to higher concentrations of 
the soluble sugars or reducing sugars basically depends 
on the added value of nutrient substrates. Type of a 
substrate controls the growth rate of an organism with 
production of desired secondary products. It could be led 
to stimulate the production of supplemented substrate 
relevant enzymes by B. subtilis LC4, which results into 
good conversion of complex to small molecules simply 
like as reducing sugars (Bell et al., 2005; Shahrim et al., 

2008). Meanwhile, prolonged fermentation time may 
not be a key for significant increase in reducing sugar 
concentration depends on the secretion of its associated 
enzymes. The B. subtilis growth is coupled with the 
production level of amylases in the culture medium. 
This suggests that growth of Bacillus is crucial for the 
secretion of extra-cellular proteins (Table 2).

The concentrations and type of plant organ based raw 
materials are taken as major fermentation substrate 
for estimation of hydrolytic enzyme productions. The 
α-amylase yield was maximum at 30 % concentration 
of leaf blade extract (LB2,a) and sucker (LBt,a) with 
12.91 U ml-¹ min-¹ and 12.91 U ml-¹ min-¹ activities  
(Fig 1). The α-amylase production was variable among 
the cultures which depend on type of substrate. In LBand 
LBa cultures, yield was lower as due to targeted floral 
leaflets used as substrate. Similar trend in the production 
of xylanase was observed among the cultures as shown 
by α-amylase (Fig 2). However, production of pectinase 
has shown variation in yields among the maintained 
cultures from both α-amylase and xylanase (Fig 3).  
It means that the required energy source of microbes 
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2009; Sharma et al., 2012) have been reported in various 
fermentation organisms including bacteria and fungi.

The rate of enzyme production is limited with growth 
phases like as activities of xylanase and pectinase slightly 
decline after log phase, while amylases increases. It 
might be possible that these enzymes are degraded by 
proteases, which are released from autolyzing cells during 
or after stationary growth phase (Berg and Pettersson, 
1977). At early fermentation culture hours (log phase), 
increasing phase of reducing sugars is observed, which 
is due to the hydrolysis of xylan and pectin by xylanases 
and pectinases (Gaewchingduang and Pengthemkeerati, 
2010). At the stationary phase, B. subtilis secreted 
numerous heterologous proteins in the culture medium, 
while dying cells and deficiency of nutrition in medium 
triggers the production of proteases in the medium. Due 
to this reason, fluctuations in the amount of total proteins 
in cell cultures are observable.

CONCLUSION

Production costs of hydrolytic enzymes could be reduced 
with the specific selection of free energy rich organs from 
agriculture waste materials. Banana plant is also one with 
100% wasted vegetative materials including fruit peels. 
Its leaf blade, pseudostem and fruit peels are energy 
rich source and could be useful to establish an optimum 
growth of the fermentation microorganism. Like as  
B. subtilis is able to grow with saccharification of complex 
to simple soluble sugars and reducing sugars as well as 
produces various enzymes including amylase, xylanase 
and pectinase. Optimization of cell culture growth 
depends on the mode of substrate saccharification, which 
in final results into efficient enzyme production.The 
banana can provide enough nutrients for microorganism 
growth without additional supplement of carbon or 
nitrogen sources. The above system could be useful in 
future to reduce the overall production costs of industrial 
enzymes including other secondary metabolites.
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