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Abstract

Chemical processes make it very difficult to generate many complicated chemical
compounds, however biosynthetic pathways of microorganisms can be used to make these complex
chemicals. This study aims to isolate fungi from rhizospheric soil habitat for commercial
application in the industrial sector. Enzymes known as pectinases have numerous industrial and
commercial uses. Fungi-produced pectinases convert the pectin found in plant material into simple
chemical compounds. The fungal cultures were isolated from rhizospheric soil. Among all fungal
isolates one isolate was exhibiting highest pectinase activity in screening which was primarily
designates as AG-1 and further identified as Aspergillus niger AG-1 by molecular identification.
The optimisation of many physico-chemical parameters enhanced ability of Aspergillus niger AG-1
to produce pectinases. At 359C, pectinase activity peaked between 56 and 64 hours later. The
isolated fungus produced more increased pectinase when the pH was at pH 6.0, along with 3%
inoculum volume and 2% salt concentration. Maltose and yeast extract, respectively, were the
sources of carbon and nitrogen that resulted in increased enzyme activity. Due to its great
productivity, pectinases produced by Aspergillus niger AG-1 are ideal for manufacturing on an
industrial scale.

Keywords: Pectinases, Aspergillus niger AG-1, physico-chemical parameters, optimization,
fermentation

Introduction

Microorganisms are capable of producing
many value-added products through the
biosynthetic pathways (Du et al, 2011).
These products have many applications in
the field of pharmaceuticals (Banat et al.,
2000), food and beverage industry (KV,
2022), agriculture (Demain, 1983) and many
more. These products may include amino
acids (Hermann, 2003), organic acids
(Wendisch et al., 2006), vitamins (Burkholder
et al., 1942), drugs (Wang et al., 2021) etc.
Use of living entities instead of chemical

methods for the production of such
compounds has many advantages like
avoidance of chemicals and chemical

processes, ease of operation and handling,
substrate specificity and hence lower
proportion of by-product formation
(Brahmachari et al., 2016). Many complex
chemical compounds are very difficult to
produce through chemical processes but
biosynthetic pathways of microorganisms can
be exploited to produce such complex

compounds. The yield can also be increased
through biosynthetic processes with the
application of many  bio-engineering
techniques available now (Kataria et al.,
2021). It is estimated that about 1% of
bacteria and 5% of fungi have been found to
be cultivated in laboratory (Bull et al., 1992).
The optimization of the growth parameters is
essential at such instances to get the higher
yields (Fernandes et al., 2020).

There are many important enzymes like
amylase (Van Der Maarel et al., 2002),
protease (Singh et al., 2016), lipase (Ismailet
al., 2020), xylanase (Polizeli et al., 2005),
cellulase (Sharma et al., 2016), chitinase
(Singh et al., 2021), pectinase etc. used
commercially in industries. Pectinases have
applications in fruit and vegetable processing
industries.  Pectinases enzymes  were
primarily used at homes and the first
industrial application of pectinase for wine
and fruit juice preparation on commercial
scale was reported in 1930 (Kashyap et al.,
2001). Pectinase is used for clarification of
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fruit juices and obtaining stable fruit juice
which ultimately increases the yield. In 1995,
pectinase contributed 75% of the total
estimated sale value of the industrially
useful enzymes and therefore on commercial
scale, it can be considered as one of the most
useful enzyme (Kashyap et al., 2001). Other
industrial applications of pectinases include
animal feed, coating, pharmaceuticals,
retting and degumming of fiber crops,
treatment of pectic wastewater, paper
making, production of Japanese paper, oil
extraction, coffee and tea fermentation
(Hoondal et al., 2002).
1.1 Pectin and pectinolytic enzymes:
Cell wall of the plants is composed mainly of
polysaccharides and proteins.
Polysaccharides include cellulose,
hemicellulose and pectin. Pectin is major cell
wall component in plants. It is also most
complex macromolecule. Its complexity is due
to presence of 17 different monosaccharaides
and more than 20 different linkages among
these (Ridley et al., 2001). Pectin acts as a
cementing material for cell walls in the
plants (Perez et al., 2003). Primary cell walls
contain up to 35% pectin in amorphous form,
30% cellulose and 30% hemicellulose and 5%
proteins. The structure of pectin changes
during processing, storage or isolation from
the plant material and therefore is very
difficult to study it. Galacturonans and
rhamnogalacturonans are the  major
components of pectic substances and carbon
of galactate is oxidized to form a carboxyl
group.
1.2 Microbial sources of pectinolytic
enzymes

Pectinases are produced in many
higher plants and also in plant parasites
such as nematodes (Sakai et al.,, 1993).
Pectinases produced by microorganisms play
important roles in the process of
phytopathology, symbiosis between plant and
microbes and they are also useful in the
decomposition of the dead plant materials.
They contribute to the natural carbon cycle.
Microorganisms produce multiple forms of
pectinases differing in molecular mass and
kinetic properties (Devi and Rao, 1996). This
ability of microorganisms assists them to get
adapted to the environmental conditions
(Naessens & Vandamme, 2003). Pectinolytic
enzymes are reported to be produced by
many fungi (Aguilar & Huitron 1990),
bacteria (Karbassi & Vaughn 1980) yeasts
(Gainvors & Belarbi 1993). Most of the
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commercial production of pectinases is from
fungi (Singh et al., 2021) and Aspergillus
niger is the predominant species of fungi in
industrial production of pectinases
(Gummadi et al., 2003). Many fungi, bacteria
and yeasts produce endo-polygalacturonases
(Luh et al., 1951). Saprophytic fungi produce
pectinases in abundance (Gummadi and
Panda 2003). Endo-polygalacturonases have
been reported to be produced by many
microorganisms like Rhizoctonia solani Kuhn
(Marcus et al, 1986), Aureobasidium
pullulans (Sakai et al.,, 1984), Fusarium
moniliforme (De Lorenzo et al., 1987),
Rhizopus stolonifer (Manachini et al., 1987),
Neurospora crassa (Polizeli et al., 1991),
Thermomyces lanuginosus (Kumar and
Palanivelu, 1999), Aspergillus sp. (Nagai et
al., 2000), Peacilomyces clavisporus (Souza et
al., 2003). Exo-polygalacturonases are found
to be produced by a limited microbial species.
They are reported to be produced by
Agrobacterium tumefaciens (Rodrigues-
Palenzuela et al., 1991), Alternaria mali
(Nozaki et al.,, 1997), Erwinia carotovora
(Palomaki & Saarilahti, 1997), Fusarium
oxysporum (Maceira et al., 1997), Bacteroides
thetaiotamicron (Tierny et al.,, 1994),
Ralstonia solanacearum (Huang and Allen,
1997), Bacillus sp. (Koboyashi et al., 2001).

The length of the incubation period,
the temperature, the pH, and some dietary
components like carbon and nitrogen all have
an impact on the development of microbial
enzymes. Scientists and researchers are
particularly interested in the composition
and amounts of Carbon and Nitrogen sources
for the development of low-cost media.
Designing a growth medium efficiently
lowers production costs. This demonstrates
how crucial growth media optimisation is to
the efficient production of enzymes. Physical
factors like temperature, pH, and incubation
period are crucial in the synthesis of
pectinase. In addition to these, dietary
factors support  pectinase synthesis.
Pectinase makes approximately to 10% of all
enzyme synthesis worldwide. Since citrus
peel contains 24% pectin, it has been utilised
as a raw material for the synthesis of
pectinase for a very long time. The purpose of
this study is to determine the ideal
temperature, pH, incubation duration, and
nutritional components (substrate, carbon,
and nitrogen sources) for Aspergillus niger
AG-1 to produce pectinase.
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2. Materials and Methods
2.1. Screening and Isolation of pectinase

producing microorganisms using
unexploited agricultural wastes as
substrate.

2.1.1 Collection of materials
The rhizospheric soil samples were collected
aseptically from local cultivation lands
during post-harvesting period at Pune
District, Maharashtra. Soil sample from fruit
waste dumping site were also collected. Soil
samples were collected with the help of
sterile spatula in sterile polythene bags and
brought to the laboratory for further study. 1
g of the soil sample was mixed into 100 ml
normal saline. Serial dilution of the sample
from 10 -1 to 10-6 were done and kept at 4°C.
2.1.2 Isolation and Screening of
pectinase producing fungi
A volume of 100 ul of each dilution was
plated on to pectin agar medium plates and
incubated at 37°C for 24 hours (Sharma et
al., 2011). Isolated colonies were selected on
the basis of morpholoical differences and
again the serial dilution up to 10-¢ was done
and inoculation was carried out on pectin
agar medium plates. The pectinolytic activity
of each isolate was detected on the basis of
zone of clearance around the colony by
flooding  with  iodine-potassium iodide
solution (1.0 g iodine, 5.0 g potassium iodide,
and 330 mL H:0). Plates were washed with
distilled water after 5 minutes incubation
with intermittent shaking (Priya and Sashi
2014). Composition of Pectin Agar medium
(in g/Ly) is as NaNOs :1.0, KCI: 1.0, KeHPOu:
1.0, MgSO0s4: 0.5, pectin: 10, yeat extract: 0.5,
agar: 20, pH: 7.0 (Mukesh et al., 2012).
Isolates showing the maximum diameter of
zone of clearance were selected for further
study.
2.1.3 Characterization and identification
of the isolated fungi
The microorganism showing pectinolytic
activity were screened on the basis of higher
cz (clear zone)/cs (colony size) ratio. For
fungi, microscopic and macroscopic
observations were done. Staining was done
with lacto-phenol blue solution. Molecular
analysis of the isolate was made on the basis
of 185 rDNA sequences (Weisburg et al.,
1991).
2.2 Preparation of fermentation medium
10 g of pretreated pectin-rich peels
powder (PP) was moistened with 10 ml of
mineral salt medium in 250 ml conicl flask.
Inoculation was done with 1ml of inoculum
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suspension and incubated at 30°C for 3 days.
This inoculum suspension was prepared by
adding 10 ml of 0.9% saline water in 4-day-
old fungal culture and mixing thoroughly.
100 ml of 0.1 M sodium acetate buffer (pH 6)
was added in fermented medium after a fixed
incubation period and placed in shaking
incubator for one hour. The contents of flask
were filtered and filtrate was used for the
assessment of pectinase.

2.2.1 Preparation of crude enzyme extract

15 ml aliquot of the filtrate (cell-free crude-

pectinase extract) was taken out and

centrifuged at 5000 rpm for 15 minutes. The
cell-free crude-pectinase was stored at 40°C
and used for further enzyme assay.

2.2.2 Determination of pectinase activity:

DNS method (Miller, 1959)

This method (Patil, N. P., & Chaudhari,

2010) involves the estimation of pectinase

activity by release of reducing groups from

pectin source.

Composition of DNS reagent: 1 ¢

nitrosalicylic acid, 200 mg crystalline phenol

and 50 mg sodium sulphate. Dissolve all

these in 100 ml of NaOH (1%).

Other reagents required: Pure pectin

(1%), Sodium acetate buffer with pH 4.8.

Procedure: Add 2 ml pure pectin (1%) with

0.5 ml of cell-free crude-pectinase extract in a

test tube. Heat in water bath at 45°C for

30 min. After cooling, add 2.5 ml of DNS

reagent to it and heat for 5 min. Cool the

reaction mixture and measure the

absorbance with spectrophotometer at 540

nm. Plot a standard graph using

polygalacturonic acid (PGA) (range 50

Og/ml). Here, pectinase activity can be

expressed as mg of PGA released per min

per mg of protein.

2.3 Optimization of culture conditions for
enzyme production (One-Variable-At-a-
Time)

The effect of physico-chemical parameters
like initial pH, incubation temperature,
incubation time, inoculum volume, salinity,
and extra-carbon and nitrogen sources on the
yield of enzyme was studied and optimal
conditions  were  assessed. All  the
experiments were carried out in triplicates.

2.3.1 Effect of initial pH on enzyme

production

The initial pH of pectinase production

medium was adjusted to 4, 4.5, 5, 5.5, 6, 6.5,

7, 7.5, 8 with 1N HCI or 1N NaOH and 1%

inoculum was used to inoculate pectinase

production medium, incubated at 300C
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(Holliman, 2012). Enzyme activity was

assessed after 24, 48 and 72 hours.

2.3.2 Effect of incubation temperature on
enzyme production

1% inoculum was used to inoculate pectinase

production medium and incubated at

temperature ranges of 250C, 300C, 37°C,
400C, 45°C and 50°C with continuous
shaking. Enzyme activity was assessed after

24, 48 and 72 hours (Torimiro and Okonji,

2013).

2.3.3 Effect of incubation time on enzyme
production

1% inoculum was used to inoculate pectinase

production medium and incubated at

temperature 30°C for 24, 48 and 72 hours
and enzyme activity was assessed.

2.3.4 Effect of inoculum volume on enzyme
production

1%, 2%, 3%, 4% and 5% inoculum were used

to 1inoculate pectinase production medium

separately and incubated at temperature
300C for 24, 48 and 72 hours and enzyme

activity was assessed (Ahmed A. et al., 2019).

2.3.5 Effect of salinity on enzyme production

1% to 10% NaCl was added to the pectinase

production medium. 1% inoculum was used

for inoculation and incubated at temperature
300C for 24, 48 and 72 and enzyme activity

was assessed (Wang et al, 2019).

2.3.6 Effect of various extra-carbon and
nitrogen sources on enzyme
production

1% inoculum was inoculated to pectinase

production medium containing different
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concentrations of extra-carbon sources
(fructose, lactose, glucose, sucrose, xylose,
dextrose, maltose) and nitrogen sources
(urea, beef extract, peptone, yeast extract,
ammonium sulphate, potassium nitrate,
ammonium  nitrate) at  0.5%  final
concentrations (Kalaichelvan 2012). Enzyme
activity was assessed after 24, 48 and 72
hours (Wang et al, 2019).
3. Results and Discussion

The current study focuses on how
different physical and chemical factors affect
the synthesis of enzymes. Pectinase synthesis
is controlled by physical, chemical, and
nutritional variables. The best source of
enzymes for human requirements is
microbes. The concentration of the substrate,
incubation period, temperature, pH, NaCl
concentration, carbon and nitrogen sources
and pH all have a significant impact on the
microbial synthesis of enzymes.
3.1 Isolation and identification of the
isolated fungi

Rhizospheric soil and soil sample

from fruit waste dumping site was used to
isolate the fungi, which were then tested for
pectinase activity. The fungal isolate showing
maximum activity of the pectinase enzyme
was selected and studied for the
morphological characteristics and 18S rDNA
analysis. The strain was identified and
designated as Aspergillus niger AG-1 (Figure
1).

ABO0B397 Aspergillus cervinus

5 | EU667997 Aspergillus sp 0901

3-{ MTB04610 Aspergillus sp KHNT1

i EUB53156 Aspergillus sp HD869
XR004775243 Aspergillus tubing

55 e HMA&36999 Aspergillus sp LQ21

70

AG-Y
100 {MN-WOMO Aspergillus niger ANN
| MG211804 Aspergillus awamori S
100 L. MN328341 Aspergillus sp M2S4
JQ012800 Aspergillus fumigatus
KT832781 Aspergillus terreus |

76

09 — MF503668 Aspergillus sp wib. R
gel—  AB008396 Aspergillus candidus

>Aspergillus niger AG-1 nodes indicate percentage of bootstrap
support based on a Neighbor-joining analysis

Figure 1: Phylogenetic placement of AG-
1: Gene sequences showing relationships
among strain AG-1 and the closer type strain
species of Aspergillus niger. Numbers at
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of 1,000 resampled datasets. Bar 0.005
substitutions per nucleotide position. On the
basis of 18S rDNA identification the isolate
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AG-1 was identified as Aspergillus niger AG-
1.

3.2 Effect of Incubation Time
Maximum pectinase activity (2.54 IU/ml) was
seen after 56 hours of incubation in this

ISSN - 2347-7075

experiment, where enzyme activity was
steadily increased. Up until 64 hours, the
enzyme activity was nearly steady; after
that, it was slightly declined (Figure 2).

2.5 A

1.5 4

0.5 -

Pectinase Production (IlU/ml)

=f=—Pectinase Production
(1u/ml)

D-_‘l:l T T T T
1]

8 16 24 32 40 48 56 64 72

Incubation Time (hours)

Figure 2: Effect of incubation time on pectinase production

3.3 Effect of Temperature

The studies were carried out between
250C and 50°C temperatures. The optimal
temperature for Aspergillus niger AG-1 to
thrive and produce pectinase was 359C. The
enzyme synthesis increased with
temperature and was 1.12 IU/ml at room
temperature. At 359C, the maximum enzyme
production of 2.52 TU/ml was noted. Any

temperature increase above 350C
inhibits the microorganism's metabolic
processes, resulting in less growth and
enzyme synthesis. The findings of the current
analysis are in close accord with the earlier
reported statistics. Growth and the synthesis
of enzymes were decreased at 459C (Figure
3).

Pectinase Production (IU/ml)

- /\
2

o \

=—#=—=Pectinase Production
(IU/ml)

05

25 30 35 40

Y
b 1

50 Incubation Temperature(°C)

Figure 3: Effect of temperature on pectinase production

3.4 Effect of initial pH on enzyme
production

The synthesis of pectinase by Aspergillus
niger AG-1 was carried out under various pH
conditions ranging from pH 4 to 8, in order to
determine the optimum pH. Beginning at pH
4, Aspergillus niger AG-1 showed enzyme

Ghadge Amit Babasaheb

activity which gradually increased. At pH 6,
the highest pectinase production (2.55 IU/ml)
was observed which became stable at pH 6.5,
After pH 7, enzyme synthesis started to
decline, and pH 8 barely registered any
pectinase synthesis (Figure 4).
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4 45 S5 55 & 65 7 75 8 Initial pH
Figure 4: Effect of initial pH on pectinase production
3.5 Effect of salinity on enzyme synthesis was seen. As a result, the
production concentration of NaCl had an impact on the

The impact of salinity on enzyme synthesis
and growth was investigated. NaCl
concentrations ranging from 1% to 10.0%
were investigated at various concentrations.
With an increase in NaCl concentration from
1% to 2.0%, a gradual increase in enzyme

growth of the fungus and enzyme production.
Finally, it was discovered that a 2% NaCl
concentration was optimal for promoting
development and the synthesis of pectinase
enzyme which exhibited 2.52 IU/ml enzyme
activity (Figure 5).

=g==Pectinase Production
(1U/mi)

Pectinase Production (IlU/ml)

37
2.5

5
15

1 \
0.5

0 T

1 2 3 & 5 6 7 8 g 10
NaCl %

Figure 5: Effect of salinity on pectinase production
3.6 Effect of inoculum volume on enzyme production

The impact of inoculum volume on enzyme
synthesis and growth was investigated.
inoculum volume ranging from 1% to 5.0%
were investigated for the synthesis of
pectinase. With an increase in inoculum
volume from 1% to 3.0%, a gradual increase
in enzyme synthesis was seen. As a result,
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the inoculum volume had an impact on the
enzyme production. Finally, it was discovered
that a 3% inoculum volume was optimal for
promoting development and the synthesis of
pectinase enzyme (Figure 6).
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Figure 6: Effect of inoculum volume on pectinase production

3.7 Effect of various additional carbon
and nitrogen sources on enzyme
production

It was observed that when 0.5% of maltose
was added to the pectinase production
medium as an extra-carbon source, the

pectinase yield improved (1.64 IU/ml), but no
considerable effects were observed in case of
other carbon sources such as fructose,
lactose, sucrose, xylose or dextrose. It can be
to the inhibitory effect of high concentrations
of carbon (Naidu and Panda, 1998) (Figure 7
and 8).

18

Pectinase Production (IU/mil)

16

>

08

==$==Pectinase Production

0.6

(1U/m1)

04
02

0 T T T T
L7 2 2
o & <,
< 0 Q
& 5 >

L BN
. R \:o<’ 3 < 43

< S
Extra-carbon source (0.5%)

Figure 7: Effect of additional carbon source pectinase production

In order for fungi to grow and produce
enzymes, the source of nitrogen in the growth
media is extremely important. According to
the current study, yeast extract is the best
source of nitrogen for production of pectinase.
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The inclusion of yeast extract as an
additional nitrogen source to the pectin agar
medium resulted in the highest enzyme
production (2.60 IU/ml).
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Figure 8: Effect of additional nitrogen source pectinase production

4. Conclusion

Identifying the significant factors affecting
pectinase production using experimental
design is essential for the production of
enzymes on a large scale. Aspergillus niger
AG-1, isolated from rhizospheric soil samples,
showed highest pectinase activity, so it was
explored for optimization of various process
parameters affecting pectinase production by
adopting a OVAT (One Variable At-a Time)
design. Optimization studies revealed that
pH and Temperature, incubation time and
additional nitrogen source (yeast extract) had
a significant role in pectinase production. It
is clear from Pareto chart that parameters
like Glucose, Dextrose, Ammonium sulphate
and peptone have a lower impact on
pectinase production, while Maltose has a
highest impact on pectinase production by
Aspergillus niger AG-1. Maximum pectinase
production (2.54 TU/ml) was seen after 56
hours of incubation, at 35°C (2.52 IU/ml),
2.55 IU/ml at pH 6.0 and 2.55 IU/ml at 2%
salinity. From these reports it can be
concluded that the potent fungal isolate
Aspergillus niger AG-1 can be effectively
exploited for the large-scale pectinase
production with some of fine tuning.
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