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Abstract
Cellulases are commercially important enzymes with application in various industries such as
biofuel, detergent, food processing, brewery, pulp and paper. To make its production cost-effective, a
preferred method is to use solid-state fermentation and with use of inexpensive substrates. Solid-state
fermentation is an alternative culturing method and yields higher enzymes compared to submerged
fermentation. In the current study, Aspergillus niger was isolated and further developed as inoculum
for solid-state fermentation. Agroindustrial discards like banana pseudostem, jackfruit waste were used
as the substrates. The substrates were pretreated by acid and were characterized by FTIR analysis to
confirm the presence of cellulosic content. Different concentrations of the substrates were attempted
for fermentation and the yield of the enzyme was compared. The solid-state fermentation was stable
for enzyme production as well as microbial growth. The cellulase activity per gram of the substrate
(U/g) was obtained maximum for jackfruit waste-based media (17±1.1 U/g). Both the lignocellulosic
substrates were potential substrates for the production of cellulase enzyme. With further optimization
and scale-up, this could be a cheap and sustainable process. This study has validated agro-industrial
waste's bioconversion into value-added products that have a remarkable environmental and economic
advantage.
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INTRODUCTION
India is a leading producer of fruits
and it leaves large-volume wastes that need to
be processed. The transformation of this waste
into a valuable product is a better option than
waste treatment. Enormous quantities of agroindustrial wastes that are mainly composed of
lignocellulosic material are accumulating every
year. Solid-state fermentation (SSF) holds potential
in the utilization of these agro-industrial wastes
as substrates for the production of enzymes.1
Compared to Submerged fermentation (SmF), SSF
has advantages such as low water requirement,
lower chances of contamination, low energy
consumption, flexibility to follow simple methods
for separation and purification of products, 2
reduction in catabolite repression which leads
to higher production.3 A reduction in the cost of
production has been observed from $20/kg for
SmF to $0.2/kg for SSF.4 Fungal species such as
Aspergillus niger and Trichoderma sp. are capable
of producing cellulase enzymes. A niger produces
endoglucanase and b-glucosidase, while the
later produce endoglucanase and exoglucanase
along with low proportion of b-glucosidase. 5
Cellulases are widely utilized in the biofuel
industry.6 Cellulases contribute a significant part
in cost towards bioethanol production (40% of
total cost) with lignocellulosic material.7,8 Hence
the cost reduction in its production is considered
a sought after endeavour. Cellulase production
depends majorly on the carbon source, its
degradability, composition, the access of microbes
to the substrates.9 In solid-state fermentation, the
substrates act as the support for microbe growth as
well as the required aeration is achieved through
the void space between substrate particles. The
water absorption capacity of substrate particles is
important since microbes depend on it for growth
and enzyme production.9 All these will contribute
towards differential production of the enzyme in
different substrates. Moreover, substrate cost has
been evaluated to be more than 30% of the total
enzyme production cost by fermentation.10
India being a leading producer of
bananas in the world with a production of about
14.2 million tons in a year,11 a very large quantity
of waste is accumulated as the ratio of banana
waste to product is 2:1. In jackfruit, the waste
portion accounts for about 65- 55% against an
Journal of Pure and Applied Microbiology

edible portion of 25-35%.12 The waste generated
from these agro-industrial processes are usually
dumped to the environment with treatments such
as burning. Hence the rich bioactive resources
are underutilized and add to the pollution load
on the environment. Valorizing the waste from
these industries is desired to reduce the pollution
effects related to its treatment and disposal. This
study is an effort to transform large-volume agroindustrial wastes from fruit crops such as banana
pseudostem and jackfruit waste under solid-state
fermentation to produce cellulase enzymes.
This study will help in the development of low
cost methodology for the industrial production
of cellulase as there are limited studies on the
utilization of banana pseudostem and jackfruit
waste are available.
METHODOLOGY
Screening and Isolation of the Microorganism
The fungal culture used in the study was
isolated from a spoiled onion. Spoiled onions with
black fungal growth were collected from the local
market. The onions were sliced without affecting
the fungal colony and were crushed in mortar and
pestle with the addition of distilled water.13
The distilled water with fungal spore
suspended was inoculated into Potato dextrose
agar (PDA) under sterile conditions by spread plate
technique. The culture was incubated for 7-10 days
at 27- 30°C.14 The potato dextrose agar medium
was composed of (per 1000ml) potato infusion
form (200g), dextrose (20g), agar (15g).
The fungus grown on PDA was inoculated
onto a carboxymethyl cellulose agar medium
under sterile conditions for screening cellulase
producing fungi. The culture was incubated at
27-30°C for 7 days. After the incubation period,
1% Congo red stain was used to stain the fungi for
1hr, and then it was washed off using 1% NaCl. The
cultures were observed for the zone of hydrolysis
around the fungus.15 The screening medium was
prepared with carboxymethyl cellulose sodium salt
(6.5g), yeast extract (0.25g) NH4H2PO4 (0.25g), KCl
(0.05g), MgSO4.7H2O (0.25g), agar (1g) and was
sterilized at121°C for 15-20 mins, 15 psi.
The culture morphologies were identified
with lactophenol cotton blue staining. The
procedure followed was placing 70% ethanol onto
a microscopic glass slide and then immersed a loop
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full of culture in the drop of alcohol. One or two
drops of the lactophenol cotton blue stain were
added to the culture and a coverslip was placed on
it without the formation of air bubbles. The slide
was subsequently examined in the microscope
with 40X objective power. 16 The culture was
then analyzed by MALDI TOF for preliminary
identification.
Substrate preparation
The lignocellulosic materials collected
for the study were banana plant pseudostem and
jack fruit waste for producing cellulase enzyme in
solid-state fermentation.
Pretreatment of Banana Pseudostem
Banana plant pseudostem was obtained
from the agricultural fields in Kerala. Then it was
cut into small pieces and allowed to dry under
sunlight for about 2 weeks. The dried stem
was rinsed several times with distilled water,
neutralized with 0.1 M HCl and finally washed
with distilled water.16 Again the sample was dried
under the sun, after drying it was powdered
for the fermentation process. The powdered
banana stem was given for Fourier-transform
infrared spectroscopy to determine the amount
of cellulose. Different media were prepared with
a composition of 10, 5 and 2g of powdered banana

plant pseudostem along with peptone and distilled
water for the production of the enzyme. The media
were sterilized in an autoclave at 121°C, 15 psi for
20 minutes and were cooled to room temperature
for inoculation of the organism.
Pretreatment of Jackfruit Waste
Jackfruit waste obtained from the
agricultural fields of Kerala was cut into small
pieces and allowed to dry under sunlight for
about 2 weeks. The dried sample was rinsed
several times with distilled water, neutralized
with 0.1 M HCl and finally washed with distilled
water. Again the sample is dried under the sun,
after drying it was powdered for the fermentation
process. The powdered jack fruit waste was given
for Fourier-transform infrared spectroscopy to
determine the amount of cellulose. Different
media were prepared with varying concentrations
of the substrate (Table 1) and were sterilized in an
autoclave at 121°C, 15 psi for 15-20 minutes and
were cooled to room temperature for inoculating
organisms.
Enzyme Production
The inoculum for the production media
was raised in sterile Czapek-Dox media (Himedia).
About 0.02g of mat formed in the broth was taken
and inoculated in the different production media in

Table 1. Composition of Jackfruit Waste medium
Ingredients/ Media

B1

B2

B3

J1

J2

J3

Banana pseudostem
Jackfruit waste
distilled water
Peptone

10g
15ml
4g

5g
7.5ml
2g

2g
3ml
0.8g

10g
15ml
4g

5g
7.5ml
2g

2g
3ml
0.8g

Fig. 1. Solid state fermentation of banana pseudostem
and jack fruit waste.
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Fig. 2. Zone of hydrolysis in carboxymethyl cellulose
agar.
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250ml conical flasks (Fig. 1). The flasks were then
incubated at 30°C in a humidified incubator for a
period of 96h.17
Extraction of enzyme
The enzyme was extracted from
lignocellulose substrate by mixing it homogenously
(1:10 %w/v) with sodium citrate buffer (pH=5).
Then it was agitated on a rotary shaker (120 rpm)
at 30°C followed by filtering it using a muslin cloth
to remove the fungal mat. Subsequently, it was
centrifuged at 6000 rpm in a cooling centrifuge
(4°C) for 15 min.18 The supernatant obtained
was subjected for further assay such as protein
estimation by Lowry’s method and carboxymethyl
cellulase assay
Enzyme Assay
To the enzyme extract, 1% CMC in
citrate buffer (5mM, pH 5) was added and
released glucose levels were measured by the
method of DNS (3,5dinitrosalycylic acid). One
unit of enzymatic activity was expressed as the

concentration of enzyme that released 1μg of
reducing sugar from the substrate per minute
under assay conditions.
Statistical analysis
The experiments were carried out in
triplicates and the data were statistically analyzed
One-way analysis of variance (ANOVA) test using
MS Excel 2010. Differences were considered
significant when the probability value (p) was
<0.05. The error bars in the graphs represent
standard error.
RESULTS AND DISCUSSION
Isolation, Screening and Identification of the
organism
The fungal isolates obtained from the
onion were subjected to a screening test. The
isolates were grown on carboxymethyl cellulose
agar and the isolate displayed zone of hydrolysis
on the agar plate (Fig. 2) was chosen for further
identification. The zone of clearance around the
culture indicates the potential of organism to
produce a significant amount of enzyme. The zone
of hydrolysis formed around the fungal colony
indicated its ability to produce cellulase enzyme.19
The organism was identified as Aspergillus niger
by the MALDI TOF analysis. MALDI TOF MS is
a cost-effective, time-saving method of high
throughput for an accurate working protocol for
identifying filamentous fungi.20 Under microscopic
observation (Fig. 3) with lactophenol cotton
blue staining, the colony displayed translucent
septate hyphae with a large conidial head. The
conidiophores were brownish and the spherical
vesicle with sterigmata on the surface.21 The
morphology is hardly correlated to the yield in
fermentation, however, the filamentous fungi

Fig. 3. Microscopic view of isolate.

Fig. 4. FTIR Spectra of banana pseudostem and jackfruit waste.
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have advantage of growing on the surfaces and
exhibits a distinctive physiological behaviour. The
productivity of cellulase enzyme by Aspergillus
niger is more in solid state fermentation compared
to submerged fermentation.22
Characterization of the substrates
Banana pseudostem is formed with
collection of leaf stalk bases to give rise to a
cylindrical structure.23 It is composed of cellulose,
hemicellulose, and lignin. Pretreatment of the
pseudostem exposes the carbohydrate polymers
and hence allowing enhanced enzyme access for
better enzymatic hydrolysis (saccharification).
FTIR analysis (Fig. 4) was performed for
the substrates used in solid-state fermentation
to verify the presence of functional groups in it.
FTIR spectra were recorded in the region of 4000400 cm-1 on an IR Prestige 21 Fourier Transform
Infrared Spectrum (Shimadzu) housed at 25°C,
50% relative humidity. The occurrence of polymers
such as cellulose, hemicellulose and lignin in the
substrate gave rise to many OH bonds in the
sample. The properties and activity of the material
depends on the presence of the functional groups

such as carboxyl, hydroxyl, phenols, amide, acylamino, and phosphate.24,25 All through the FTIR
analysis, the energy from infrared radiation was
absorbed by the covalent bonds present in the
functional groups and it caused the bonds to
be stretched. This leads to the stretching in OH
bonds to increase the sharpness or broadness
on the peaks in the spectrum.26 In the infrared
spectroscopy (Table 2), peaks were dominated
by the existence of strong bands at 3000 - 3500
cm-1, which relates to the hydrogen-bonded O-H
stretching of hydroxyl groups corresponding to
cellulose and hemicelluloses.27 It also indicated
a strong inter and intramolecular binding of the
polysaccharide chain.28,29 The peak in the range
of 1630-1650 corresponds to free carboxyl group
present in the sample.30 The main functional
groups in the polysaccharide such as ether R-O-R
and cyclic C-C bonds were corresponding to the
peak in the range of 950- 1200 cm-1. This region is
also regarded as ‘finger print’ for carbohydrates.31
The abundance of C-O, C-C ring in the region of
1200-850 cm-1 represents polysaccharide32 and
the existence of glycoprotein carbohydrates.33

Table 2. Spectral observations entailing quantification in molecular vibrations (peak area) in all the samples
Sample/ wave No.

617.22

1111

Banana pseudostem
Jackfruit waste

5.266
7.244

11.014

1116.78 1402.25 1627.92 1639.49

3132.4

3142.04

16.077
-

62.644
-

96.235

43.372
39.469

20.326

11.272
-

Fig. 5. Comparison of different media on cellulose activity and protein.
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The peak in the region of 1300- 800 cm-1 is the
representation of fingerprint region of pectin
polysaccharide. It also reveals some modifications
in monosaccharide composition.34 Peaks in the
region 1400- 1450 cm-1 represents salts of carboxyl
groups.35
Production of Enzyme
After 96h of incubation in the production
media, cultures were harvested and an enzyme
assay was done to measure the cellulase activity
(Fig. 5). Protein production was observed more
in media B1 while enzymatic activity was more in
media B2 and J1. For both jackfruit waste-based
as well as banana pseudo-stem-based media,
the high concentration of solid substrate was
favouring the improvement in production as
well as activity of cellulase. The cellulase activity
per gram of the substrate (U/g) was obtained as
4.1, 8.3, 15.6, 4.1, 6.7, and 17.0 for B1, B2, B3,
J1, J2 and J3 respectively. The mean comparison
showed that the cellulase activity per gram of
the substrate is significantly different (p- value
<0.05) between the 6 different media attempted.
Both the lignocellulosic substrates are potential
substrates for the production of cellulase enzymes.
In the production of cellulase enzyme with coir
waste as substrate using A niger, after optimization
studies, a maximum of 9U/g was observed as the
cellulase activity.36 In another study using A niger in
SSF with cellulose-rich substrates such as corncob
and sugar cane, cellulase activity was observed to
be 1.22 U/ml, and 0.14 U/ml respectively.37 The
differences in the cellulase activity in different
substrates are based on the cellulosic composition,
macro and microelements as well as lignin
content.38 Pretreatment of the material is essential
to separate cellulose and hemicellulose from
cell wall as it undergoes lignification.39 Jackfruit
waste40 composed of hemicellulose (16.27%),
cellulose (22.78%) and lignin (20.41%) while
Banana pseudostem41 consist of lignin (10.4%
w/w), cellulose (28.6 %w/w), hemicellulose (14.7%
w/w). The results indicate that Aspergillus niger
could be grown in SSF using both the substrates.
The study confirmed that the agro-industrial waste
as the substrate in solid state fermentation will be
a sustainable approach to produce enzymes.

pseudostem and jackfruit peel wastes were
used in the production of cellulase in solidstate fermentation. These are a rich source of
lignocellulosic material and are suitable for large
scale production of cellulase. The utilization of
these waste materials considerably reduces the
load of pollution and energy requirement in
processing them. Both the substrates were proved
to be effective in cellulase production using A niger
in SSF. Jackfruit waste proved better compared to
banana pseudostem for the cellulolytic activity.
Further process parameter optimization and media
optimization can enhance the yield of cellulase
enzyme in the case of the substrates used in this
study as well.
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