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ABSTRACT:
The quest for novel enzymes with industrial

applications has led to the exploration of diverse
microbial ecosystems, including soil environments
rich in microbial diversity. This study aimed to isolate
and characterize gelatinase-producing
microorganisms from soil samples for potential
industrial applications. Soil samples were collected
from various environments, including agricultural
fields, forests, industrial sites, and natural habitats, to
capture a wide range of microbial diversity. A total of
250 isolates were obtained through serial dilution and
plating on gelatin agar, among which 58 isolates
exhibited clear zones of hydrolysis, indicating
potential gelatinase activity. Morphological and
biochemical characterization revealed the presence of
Gram-positive, Gram-negative, and spore-forming
bacteria, along with fungal isolates. Molecular
identification using 16S rRNA gene sequencing for
bacteria and ITS sequencing for fungi identified
Bacillus, Pseudomonas, and Aspergillus species as
predominant gelatinase producers. Enzyme activity
assays demonstrated significant gelatinase activity in
selected isolates, including Bacillus subtilis,
Pseudomonas aeruginosa, and Aspergillus niger.
Optimization studies revealed the optimal pH,
temperature, and substrate concentration for maximal
enzyme activity, along with the influence of metal ions
and inhibitors on enzyme stability. Stability studies
indicated the robustness of the isolated gelatinases
under various industrial conditions, including
temperature and pH fluctuations. Application testing
showcased the versatility of the enzymes in food
processing, pharmaceuticals, and environmental
remediation. Comparative analysis with commercial
enzymes highlighted the competitiveness of the
isolated enzymes in terms of activity, stability, and
cost-effectiveness. This study demonstrates the
potential of soil microorganisms as a source of
industrially relevant enzymes, particularly gelatinases,
for wvarious applications. The isolation and
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characterization of potent gelatinase producers from
soil underscore the importance of microbial diversity
in bioprospecting efforts. These findings contribute to
the development of sustainable and efficient industrial
processes by harnessing the enzymatic capabilities of
soil microorganisms. Future research directions may
include scaling up production, genetic engineering for
enhanced enzyme properties, and further exploration
of microbial diversity for novel enzyme discovery.
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L
A.
The demand for industrial enzymes has

Introduction
Background

surged over recent years due to their extensive
applications across various sectors such as
pharmaceuticals, food processing, cosmetics,
these

of
metalloproteinases, have garnered significant

and waste management. Among

enzymes,  gelatinases, a  subset

attention. Gelatinases, specifically —matrix
(MMP-2)

metalloproteinase-9 (MMP-9), are capable of

metalloproteinase-2 and matrix

hydrolyzing gelatin, collagen, and other

extracellular matrix proteins into smaller
peptides and amino acids [1]. This enzymatic
activity is crucial for numerous industrial
the

beverages, the production of photographic

processes, including clarification of
films, and the processing of animal hides.
Microbial gelatinases offer several advantages
over plant and animal-derived enzymes,
including ease of production, scalability, and a
lower risk of contamination with undesirable
pathogens. Soil, as a diverse and rich microbial
habitat, provides an excellent source for
isolating novel gelatinase-producing
These

through their metabolic activities, contribute

microorganisms. microorganisms,
to the natural degradation of organic matter,
thus playing a pivotal role in nutrient cycling
[2]. Harnessing these natural capabilities can

lead to the development of efficient and
sustainable industrial processes.

B. Importance of Gelatinases in Industry

Gelatinases have diverse applications due to
their ability to degrade gelatin and collagen. In
the pharmaceutical industry, they are used in
the
controlled release of active compounds. In the

drug delivery systems to facilitate
food industry, gelatinases are employed to
clarify beverages, process meat products, and
manufacture gel-based products. Furthermore,
in the environmental sector, these enzymes
assist in the bioremediation of gelatinous
waste from various industries, reducing
environmental pollution [3]. The versatility of
gelatinases is also evident in the cosmetics
industry, where they are used in anti-aging
products due to their ability to remodel the
extracellular matrix, enhancing skin texture
Additionally,

in molecular

and appearance. gelatinases

have applications biology,
particularly in the extraction and purification
of nucleic acids and proteins from complex

mixtures.

C. Objectives of the Study
This study aims to explore the potential of soil
microorganisms as

sources of gelatinase

enzymes. The specific objectives are as follows:

of
Microorganisms: To collect soil samples

a. Isolation Gelatinase-Producing
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from diverse environments and isolate
microorganisms capable of producing
gelatinase.

b. Characterization of Isolates: To identify
and characterize the isolated
microorganisms through morphological,
biochemical, and molecular techniques.

c. Optimization of Enzyme Production: To
determine the optimal conditions for
gelatinase production in terms of pH,
temperature, and other environmental
factors.

d. Assessment of Industrial Potential: To
evaluate the stability and activity of the
produced gelatinases under industrially
relevant conditions, thereby assessing their
suitability for various applications.

D. Literature Review

The production and application of microbial
gelatinases have been extensively studied.
Previous research has identified several
bacterial and fungal species capable of
producing these enzymes, including species
from the genera Bacillus [4], Pseudomonas,
and Aspergillus. Bacillus subtilis has been
widely reported for its ability to produce
extracellular proteases, including gelatinases,

which are utilized in various industrial
processes. In recent years, advancements in
molecular biology techniques have facilitated
the cloning and expression of gelatinase genes
from different microorganisms, allowing for
the production of recombinant enzymes with
enhanced properties. These techniques have
also enabled the modification of enzyme
structures to improve their stability and
activity under extreme conditions, thus
broadening their industrial applicability. The
optimization of fermentation conditions, such
as nutrient composition [5], pH, temperature,
and aeration, is critical for maximizing
enzyme yield. Studies have shown that the
production of gelatinases can be significantly
influenced by these factors, with optimal
conditions varying among different microbial
species. For example, Bacillus species typically
produce high levels of gelatinase at neutral to
slightly  alkaline pH and moderate
temperatures, whereas Aspergillus species
may have different optimal conditions.

E. Research Methodology

To achieve the study objectives, a
comprehensive methodology was designed,
encompassing the following steps:

Gelatinase Enzyme Characterization

Obtain Gelatinase Producing Isolate

Culture in Production Medium

Extract Enzyme

Determine Enzyme Activity

Perform SDS-PAGE

Determine Molecular Weight

Analyze Enzyme Kinetics

Assess Stability (pH, Temperature)

Figure 1: Gelatinase Enzyme Characterization
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a. Sample Collection and Preparation: Soil
samples were collected from various
environments, including agricultural fields,
forests, and industrial sites, to ensure a
diverse microbial population. Samples
were processed through serial dilution and
plated on gelatin agar to isolate potential
gelatinase producers.

b. Isolation and Screening of
Microorganisms: Colonies exhibiting clear
zones of gelatin hydrolysis on gelatin agar
plates were selected for further analysis.
These clear zones indicate the production
of gelatinase [6], as the enzyme hydrolyzes
the gelatin in the medium, creating a
transparent halo around the colony.

c. Characterization of Isolates: Selected
isolates were subjected to morphological,
biochemical, and molecular
characterization. Gram staining, spore
staining, and biochemical tests (such as
catalase and oxidase tests) were performed
for preliminary identification. Molecular
identification =~ was carried out by
sequencing the 16S rRNA gene for bacteria
and the internal transcribed spacer (ITS)
region for fungi.

d. Enzyme Activity Assay: The gelatinase
activity of the isolates was quantified using
spectrophotometric =~ methods.  Enzyme
assays were conducted under various
conditions of pH, temperature, and
substrate concentration to determine the
optimal parameters for enzyme production.

e. Evaluation of Industrial Potential: The
stability and activity of the produced
gelatinases were assessed under conditions
relevant to industrial applications. This
included testing the enzymes' stability over
a range of temperatures and pH levels [7],
as well as their activity in the presence of
potential inhibitors or activators.

F. Expected Outcomes
The expected outcomes of this research
include:

a. Identification of Novel Gelatinase
Producers:  Isolation of previously
uncharacterized microorganisms capable of
producing gelatinase, contributing to the

microbial diversity known to produce this

enzyme.
b. Optimized

Establishment of optimal conditions for

Production Conditions:
gelatinase production, which can be scaled
up for industrial use.

Detailed
produced

c. Characterized Enzymes:
characterization of the
gelatinases in terms of their stability,
activity, and suitability for industrial
applications.

d. Enhanced Industrial Processes: Potential
application of the identified gelatinases in
various industries, leading to more efficient

and sustainable processes.

G. Significance of the Study

This study is significant for several reasons.
Firstly, it contributes to the growing body of
knowledge regarding the diversity of
gelatinase-producing microorganisms in soil
Secondly, it provides valuable insights into the
optimization of gelatinase production, which
is crucial for industrial applications [8].
Identifying  and  characterizing  novel
gelatinases, this research may lead to the
development of more efficient and sustainable
industrial processes, thereby reducing the
reliance on chemical synthesis and minimizing
environmental impact.The study underscores
the importance of exploring natural habitats,
such as soil, for potential industrial
biocatalysts. Soil is a rich and diverse
ecosystem teeming with microorganisms that
have evolved to produce a wide array of
enzymes capable of degrading complex
organic matter. By tapping into this natural
reservoir, industries can discover new
enzymes with unique properties that are well-
suited for specific applications [9].

H. Future Directions

Building on the findings of this research,
future studies could focus on the following
areas:

a. Genetic Engineering: Utilizing genetic
engineering techniques to enhance the
yield and properties of gelatinases

464 Bulletin of Pure and Applied Sciences- Zoology / Vol.43B, No.ls/January-June 2024



Dr. Aparna Pathade, Sourabh Ramchandra Kadole, Ashwini Jadhav

produced by the isolated microorganisms.
This could involve the cloning and
overexpression of gelatinase genes in
suitable host organisms.

b. Scale-Up Studies: Conducting pilot-scale
fermentation studies to evaluate the
feasibility of large-scale production of the
identified gelatinases.

c. Application Testing: Testing the efficacy of
the produced gelatinases in real-world

industrial applications, such as the
processing of food products,
pharmaceutical formulations, and

environmental bioremediation.
d. Biodiversity Exploration: Exploring other
marine

natural habitats, such as

environments and extreme ecosystems, for
novel gelatinase-producing

microorganisms with unique properties.

IL. Materials and Methods
A. Sample Collection and Preparation

To ensure a diverse and representative sample
of soil microorganisms, soil samples were
collected from  various environments,
including agricultural fields, forest floors,
industrial sites, and undisturbed natural
habitats. Each site was selected based on its
distinct ecological characteristics to maximize

microbial diversity.

Table 1: Sample Collection and Preparation

Collection Site | Soil Type Depth Sampling Environmental
(cm) Method Condition
Agricultural Loamy 10-15 Random Crop Rotation
Fields Soil Sampling
Forest Floors Sandy 10-15 Transect Deciduous and
Soil Sampling Coniferous
Industrial Sites Clayey 10-15 Quadrant Surrounding Factories
Soil Sampling
Natural Habitats | Peaty Soil | 10-15 Grid Sampling Wetlands and Meadows
a. Collection Sites:
. . . Isolation and Characterization Process Flow
Soil samples were taken from fields with
different crop histories, including corn, wheat, 5
and soybean rotations. Samples were collected | Sample Collection |
from both deciduous and coniferous forests to ‘ -
. A | Soil Sampling |
capture a variety of organic matter ‘ — :
compositions.Soil was sampled from areas (Franeport ta tak.)
surrounding food processing plants and . v ,
leather tanneries, i._ Microbial Isolation J
where gelatin-rich waste is commonly found ! —
L. . | Screening for Gelatinase Activity |
[10]. Pristine environments such as wetlands g
and meadows were sampled to explore less ("Posttive Isolate Identfication |
disturbed microbial communities. : v
\ Characterization of Gelatinase Enzyme |
, v
| Industrial Application Analysis \

Figure 2: Process Flow Diagram
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b. Sampling Procedure: At each site, soil
samples were collected from the top 10-15 cm
layer  using sterile tools to avoid
contamination. Approximately 500 grams of
soil were collected from each site, placed in
sterile plastic bags, and transported to the
laboratory under cool conditions.

the

laboratory, soil samples were air-dried at

c. Sample  Preparation: In
room temperature and then homogenized by
passing them through a 2 mm sieve to remove
debris and ensure uniformity. Homogenized
samples were stored at 4°C until further
analysis.

B. Isolation of Microorganisms

a. Serial Dilution and Plating: To isolate
microorganisms of

capable producing

gelatinase, serial dilutions of the soil samples

were performed. One gram of each soil sample
was suspended in 99 ml of sterile distilled
water [11], creating a 1:100 dilution. This
suspension was further diluted serially up to
107-6. Aliquots (100 pl) of each dilution were
spread onto gelatin agar plates (containing 2%
gelatin) using the spread plate technique.
Plates were incubated at 30°C for 48-72 hours.
Colonies displaying clear zones of hydrolysis
around them were indicative of gelatinase
production [12].

b. Selection of Gelatinase-Producing
Isolates : Colonies with clear hydrolysis zones
were picked and streaked onto fresh gelatin
agar plates to obtain pure cultures. These
isolates were then maintained on nutrient agar
slants at 4°C for further study.

Colony Count by Dilution Factor, Plating Method, Medium Composition, and Incubation Time

Gelatin Agar
48 hrs

Nutrient Agar
72 hrs

200

Colony Count
=
G
3

=
S
5]

50 4

10"-3 10™-4

Dilution Factor

ato Dextrose A
48 hrs

raud Dextrose
72 hrs

10°-5 10™-6

Figure 3:

Time

Colony Count by Dilution Factor, Plating Method, Medium Composition, and Incubation

Table 2: Isolation of Microorganisms

Dilution Plating Medium Incubation Time Colony
Factor Method Composition (hrs) Count
107-3 Spread Plate | Gelatin Agar 48 300
10"-4 Pour Plate Nutrient Agar 72 250
107-5 Streak Plate | Potato Dextrose 48 200
Agar
10"-6 Drop Plate | Sabouraud Dextrose | 72 150
Agar
C. Characterization of Isolates and edge characteristics, was recorded
a. Morphological Characterization: Pure Microscopic  examination included Gram

cultures of the isolates were subjected to

morphological examination. Colony

morphology, including size [13], shape, color,

staining for bacteria and lactophenol cotton
blue staining for fungi.
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Table 3: Morphological Characterization

Isolate ID Colony Morphology Size (mm) Shape Color
Bl Circular, Raised 3 Irregular | Cream
P1 Irregular, Spreading 4 Round Green
Al Filamentous, Woolly 2 Oval Black
b. Biochemical Characterization: A hydrogen peroxide to the culture and

series of biochemical tests were conducted to
identify the bacterial isolates. These tests
included:  To
reaction.(positive or negative). To check for

determine the Gram

the presence of catalase enzyme by adding

observing bubble formation [14]. To detect
cytochrome ¢ oxidase enzyme using oxidase
reagent. To identify spore-forming bacteria
using malachite green staining.

Table 4: Biochemical Characterization

Isolate ID | Gram Staining | Catalase Test | Oxidase Test | Spore Staining
B1 Gram-positive | Positive Negative Positive

P1 Gram-negative | Positive Positive Negative

Al Gram-positive | Positive Negative Negative

c. Molecular Characterization: Molecular
identification ~was  performed using
polymerase chain reaction (PCR) and
sequencing techniques.

d. Bacterial DNA  Extraction:

Genomic DNA was extracted using a

Isolates:

commercial DNA extraction kit following
the manufacturer's protocol.

e. 16S rRNA Gene Sequencing: The 16S
rRNA gene was amplified using universal
primers (27F and 1492R). PCR products
were purified and sequenced.

obtained

f. Sequence  Analysis: The

sequences were compared with known

sequences in .the NCBI database using
BLAST to identify the bacterial species.

g. Fungal Isolates: DNA Extraction: Fungal
DNA was extracted using a similar
commercial kit.

h. ITS Sequencing: The internal transcribed
spacer (ITS) region of the fungal rRNA
gene was amplified using ITS1 and ITS4
primers. PCR products were purified and
sequenced [15].

i. Sequence Analysis: ITS sequences were
analyzed using BLAST to identify fungal
species.

Gram-positive

Gram-negative

Test Result

Positive

Test
== Gram Staining
wem Catalase Test
=== Oxidase Test
Negative | mmm Spore Staining

Microbial Test Results by Isolate ID

Bl

Pl Al
Isolate ID

Figure 4: Microbial Test Results by Isolate ID

D. Enzyme Activity Assay
a. Enzyme Extraction : Selected isolates were
grown in gelatin broth (containing 2%

gelatin) at optimal growth conditions. After
incubation, cultures were centrifuged to
separate cells from the supernatant. The
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supernatant, containing extracellular
gelatinase, was collected for enzyme
assays.

. Gelatinase Activity Assay: Gelatinase
activity ~was  determined using a
spectrophotometric method based on the
hydrolysis of gelatin to smaller peptides
and amino acids.

Substrate Preparation: Gelatin solution
(1% w/v) was prepared in phosphate
buffer (pH 7.5).

. Reaction Mixture: The reaction mixture
contained 0.5 ml of gelatin solution and 0.5
ml of enzyme extract. Controls included
boiled enzyme extract to account for non-
enzymatic hydrolysis.

e. Incubation: Mixtures were incubated at

37°C for 30 minutes.

Stopping Reaction: The reaction was
stopped by adding 1 ml of 10%
trichloroacetic acid (TCA), followed by
centrifugation to remove precipitated
proteins.

. Measurement: The absorbance of the

supernatant was measured at 280 nm to
quantify the released peptides. One unit of
gelatinase activity was defined as the
amount of enzyme required to produce an
increase in absorbance of 0.01 at 280 nm per
minute under the assay conditions.

‘ Researcher

Collect Soil Sample

Microbial Sample | | Lab Equipment

Prepare Selective Media with Gelatin

>
>

Inoculate Media

Y

Incubate for 24-48 hours

) 4

Observe Clear Zones

Y

¥

alt /) [Clear Zones Present]

Isolate and Purify Colonies

Perform Morphological Characterization

Y

Conduct Biochemical Tests

Perform 16S rRNA Sequencing

Assess Enzyme Activity

Optimize Production Conditions

[No Clear Zones]

Repeat Inoculation with Different Samples _

Analyze Data

| Researcher

Microbial Sample Lab Equipment

h

Figure 5: Sequence Diagram for Enzyme Activity Testing

. Optimization of Enzyme Production
Effect of pH : The optimal pH for
gelatinase activity was determined by
performing the enzyme assay at different
pH values (4.0 to 9.0). Buffers used
included citrate buffer (pH 4.0-6.0),
phosphate buffer (pH 6.5-7.5), and Tris-HCl
buffer (pH 8.0-9.0).

Effect of Temperature: To determine the
optimal temperature, enzyme activity was
measured at various temperatures ranging
from 20°C to 60°C. The reaction mixtures

were incubated at each temperature, and
the enzyme activity was quantified.
Substrate Concentration: The effect of
substrate concentration on gelatinase
activity was studied by varying the gelatin
concentration in the reaction mixture (0.5%
to 3% w/v). Enzyme activity was measured
under optimal pH and temperature
conditions.

Effect of Metal Ions and Inhibitors: The
influence of different metal ions (Ca2+,
Mg2+, Zn2+, Cu2+) and inhibitors (EDTA,
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PMSF) on gelatinase activity was assessed.
Enzyme assays were performed in the
presence of these agents to determine their
impact on enzyme activity and stability.

F. Evaluation of Industrial Potential

a. Stability Studies : The stability of the
produced  gelatinase under various
industrial conditions was evaluated.
Enzyme preparations were incubated at
different temperatures (4°C, 25°C, 37°C,
and 50°C) and pH levels (5.0, 7.0, 9.0) for
extended periods (up to 30 days). Residual
enzyme activity was measured periodically
to assess stability.

b. Application Testing :The efficacy of the
produced gelatinase was tested in
simulated industrial processes:

c. Food Industry: The enzyme was tested for
its ability to clarify fruit juices and
tenderize meat.

d. Pharmaceutical Industry: Its potential use
in drug delivery systems was evaluated by

incorporating the enzyme into gelatin

I11. Results

capsules and assessing the release rate of
model drugs.

e. Environmental Applications: The enzyme
was used to degrade gelatinous waste from
food processing and leather industries, and
its effectiveness in reducing waste volume
and organic load was measured.

f. Cost-Effectiveness Analysis : A
preliminary cost analysis was conducted to
compare the production cost of the isolated
gelatinase with commercially available
enzymes. Factors considered included raw
material costs, fermentation conditions,
yield, and downstream  processing
requirements.

G. Statistical Analysis

All experiments were conducted in triplicate,

and results were presented as mean =*

standard deviation. Statistical analysis was
performed using ANOVA followed by post-
hoc tests to determine the significance of

differences between means (p < 0.05).

A. Isolation and Identification of Gelatinase-Producing Microorganisms
Gelatinase Activity of Soil Microorganisms at Different pH Levels
70 4 —@— Microorganism A
—M- Microorganism B
--&-  Microorganism C

60
E 50
=
=
=
S 401
@
]
£
2 301
O

20 =

x”
10 ¢ il
4 5 6 8 9 10
pH Level

Figure 6: Gelatinase Activity of Soil Microorganisms at Different pH Levels

a. Isolation and Preliminary Screening:
From the soil samples collected across various
environments, a total of 250 isolates were
obtained through serial dilution and plating
on gelatin agar. Among these, 58 isolates

exhibited clear zones of hydrolysis, indicating
potential gelatinase activity. These isolates
were subjected to further purification and
screening.
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Table 5: Gelatinase Production by Isolated Microorganisms

Isolate Gelatinase Optimal | Optimal Metal Ion
Activity (U/ml) | pH Temperature Influence
({S)
Bacillus 150 7.5 37 Ca2+ and Mg2+
subtilis enhance activity
Pseudomonas | 120 7.0 37 Ca2+ and Mg2+
aeruginosa enhance activity
Aspergillus 110 6.5 30 Ca2+ and Mg2+
niger enhance activity
b. Morphological and Biochemical Bacillus subtilis (B1) showed optimal activity

Characterization : The 58 potential gelatinase-
producing isolates were characterized based
on their morphological and biochemical
properties.  Colony  morphology  varied
significantly, with distinct differences in size,
shape, color, and edge characteristics. Gram
staining revealed that 40 of the isolates were
Gram-positive, while the remaining 18 were
Gram-negative. Spore staining indicated that
22 isolates were spore-forming bacteria.

C. Molecular Characterization:
Molecular identification was performed on
representative isolates from each
morphological and biochemical group. The
165 rRNA gene sequences of bacterial isolates
and ITS sequences of fungal isolates were
obtained and compared with sequences in the
NCBI database.

B. Enzyme Activity Assay

The gelatinase activity of the identified isolates
was quantified using the spectrophotometric
method. Bacillus subtilis (B1), Pseudomonas
aeruginosa (P1), and Aspergillus niger (Al)
demonstrated the highest enzyme activities
among their respective groups. Bacillus
subtilis (B1): Exhibited an activity of 150
U/ml. Pseudomonas aeruginosa (P1): Showed
an activity of 120 U/ml. Aspergillus niger
(A1): Displayed an activity of 110 U/ml.

These isolates were selected for further

optimization and application studies.

C. Optimization of Enzyme Production
a. Effect of pH : The enzyme activity
was tested across a pH range of 4.0 to 9.0.

at pH 7.5, Pseudomonas aeruginosa (P1) at pH
7.0, and Aspergillus niger (A1) at pH 6.5. All
isolates retained significant activity within the
pH range of 6.0 to 8.0.

b. Effect of Temperature: The optimal
temperature for gelatinase activity was
determined to be 37°C for Bacillus subtilis (B1)
and Pseudomonas aeruginosa (P1), and 30°C
for Aspergillus niger (Al). Activity profiles
indicated that the enzymes were stable and
retained over 70% activity between 30°C and
50°C.

c. Substrate Concentration: Maximum
enzyme activity was observed at a gelatin
concentration of 2% (w/v) for all selected
isolates. Higher substrate concentrations led to
substrate inhibition, reducing the overall
enzyme activity.

d. Effect of Metal Ions and Inhibitors :
The presence of Ca2+ and Mg2+ ions
enhanced gelatinase activity for all isolates,
with Ca2+ showing a more pronounced effect.
Zn2+ and Cu2+ ions inhibited enzyme
activity. EDTA, a chelating agent, significantly
reduced activity, indicating the
metalloproteinase nature of the enzymes.
PMSF, a serine protease inhibitor, had no

significant effect.
D. Industrial Potential
a. Stability Studies: The stability of the

gelatinases was evaluated under various
industrial conditions. The enzymes from
Bacillus subtilis (Bl) and Pseudomonas
aeruginosa (P1) were stable for up to 30 days
at 4°C and 25°C, retaining over 80% activity.
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At 37°C, stability was maintained for 15 days.
Aspergillus niger (A1) enzyme showed similar

stability trends, though slightly less stable at
higher temperatures.

Table 6: Stability of Gelatinases under Industrial Conditions

Isolate Stability at Stability at Stability at Stability
4°C (%) 25°C (%) 37°C (%) atpH?7
Bacillus subtilis 90 85 80 75
Pseudomonas 85 80 75 70
aeruginosa
Aspergillus 85 80 75 70
niger

Stability of Isolates at Different Temperatures and pH

90
85 85

80 -

o
(=]

Stability (%)

8

20

Bacillus subtilis

Pseudomonas aeruginosa
Isolates

= Stability at 4°C (%)

85 mmm Stability at 25°C (%)
Stability at 37°C (%)
Stability at pH 7 (%)

Aspergillus niger

Figure 7: Stability of Isolates at Different Temperatures and pH

b. Application Testing : The potential
industrial applications of the produced
gelatinases were tested in simulated
environments

c. Food Industry:
effective in reducing turbidity in apple and

The enzymes were

orange juice, improving clarity by 85% and
80% respectively. Treatment of beef and
chicken samples with the enzymes resulted
in significant tenderization, with a 40%
reduction in shear force.

d. Pharmaceutical Industry: Gelatin capsules
incorporating the gelatinases showed a
controlled release profile of model drugs,
with over 90% release within 4 hours under
simulated gastric conditions.

e. Environmental Applications: The enzymes
efficiently degraded gelatin waste from

food processing and leather industries,
reducing the waste volume by 70% and
significantly decreasing the organic load.

E. Comparative Analysis with Commercial
Enzymes

The gelatinases produced by the isolated
microorganisms ~ were compared  with
commercially available gelatinases in terms of
activity, stability, and cost-effectiveness. The
isolated enzymes exhibited comparable
activity and stability, with some isolates
(Bacillus subtilis B1) showing superior stability
at higher temperatures. The production cost of
the isolated enzymes was estimated to be
lower due to the use of inexpensive substrates

and simpler downstream processing.
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Table 7: Comparative Analysis with Commercial Enzymes

Enzyme Source

Gelatinase Activity (U/ml)

Stability | Cost-effectiveness

Commercial Enzymes 100-140

Moderate | Higher production costs

Isolated Enzymes 110-150

Higher Lower production costs

a. Activity Comparison: Showed activity
levels ranging from 100 to 140 U/ml under
optimal conditions. Bacillus subtilis (B1)
showed 150 U/ml, indicating higher
efficiency.

b. Stability Comparison: Generally stable up
to 25°C for 30 days. Bacillus subtilis (B1)
and Pseudomonas aeruginosa (P1) retained
stability at higher temperatures (up to
37°C).

c. Cost-Effectiveness: The cost analysis
indicated that producing gelatinase from
the isolated Bacillus subtilis (B1) could
reduce production costs by approximately
20% compared to commercial enzymes,
primarily due to lower substrate costs and
efficient fermentation conditions.

Iv. Discussion
A. Diversity and Efficacy of Isolates

The study successfully isolated a diverse range
of gelatinase-producing microorganisms from
soil samples, highlighting the rich microbial
diversity capable of producing industrially
relevant enzymes. Bacillus subtilis,
Pseudomonas aeruginosa, and Aspergillus
niger emerged as potent producers,
demonstrating high enzyme activity and

stability.

Industrial
Relevance : Optimization studies revealed that

a. Optimization and

the selected isolates produced gelatinases with
optimal activity at neutral to slightly alkaline
pH and moderate temperatures, aligning with
typical industrial conditions. The positive
effects of Ca2+ and Mg2+ ions suggest
potential applications in environments where
these ions are prevalent, such as in certain
food processing operations.

b. Application and Economic Impact :
The practical applications of the isolated

enzymes in food processing, pharmaceuticals,
and environmental management underscore
their industrial relevance. The successful
clarification of fruit juices and tenderization of
meat indicate immediate applicability in the
food industry. The ability to degrade
gelatinous waste highlights the enzymes'
potential in environmental bioremediation,
offering an eco-friendly solution to waste
management. The comparative analysis with
commercial enzymes demonstrated that the
isolated enzymes are not only effective but
also cost-efficient, making them viable
alternatives for industrial applications. The
potential reduction in production costs can
enhance the economic sustainability of
industries relying on gelatinase enzymes.

V. Conclusion

The isolation and characterization of
gelatinase-producing microorganisms from
diverse soil samples demonstrated significant
potential for industrial applications. The study
successfully  identified Bacillus subtilis,
Pseudomonas aeruginosa, and Aspergillus
niger as potent gelatinase producers, each
exhibiting high enzyme activity and stability
under various conditions. Optimization
studies revealed that the selected isolates had
optimal enzyme activity at neutral to slightly
alkaline pH and moderate temperatures,
which aligns with typical industrial
requirements. Additionally, the presence of
Ca2+ and Mg2+ ions enhanced enzyme
activity, suggesting their suitability for
applications in environments where these ions
are prevalent. Practical applications tested in
this study, including the clarification of fruit
juices, meat tenderization, drug delivery
systems, and degradation of gelatinous waste,
underscored the industrial relevance of these
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microbial gelatinases. In food processing, the
enzymes effectively reduced turbidity in fruit
juices and tenderized meat, making them
valuable for improving product quality. In
pharmaceuticals, the controlled release profile
of drugs from gelatin capsules incorporating
these enzymes highlights their potential in
drug delivery systems. Moreover, the
successful degradation of gelatinous waste
from food processing and leather industries
indicates a promising role in environmental
bioremediation, offering eco-friendly solutions
for waste management. The comparative
analysis ~ with  commercially  available
gelatinases revealed that the isolated enzymes
not only exhibited comparable activity and
stability but also offered cost-effective
production advantages. This cost-effectiveness
stems from the use of inexpensive substrates
and efficient fermentation conditions, which
can reduce production costs by approximately
20% compared to commercial enzymes. The
findings of this study underscore the rich
microbial diversity in soil that can be
harnessed for industrial enzyme production,
contributing to more efficient and sustainable
processes. By tapping into the natural
enzymatic capabilities of soil microorganisms,
industries can develop novel biocatalysts with
unique properties tailored to specific
applications. Overall, this research lays the
groundwork for further exploration and
utilization of microbial gelatinases, advocating
for scaling up production, exploring genetic
modifications to enhance enzyme yield, and
conducting extensive testing in real-world
industrial scenarios to fully realize their

potential.
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