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Abstract- Pectinolytic enzymes, collectively known as pectinases, constitute a major class of industrial biocatalysts
with extensive applications in food processing, textiles, paper and pulp, bioenergy, and waste management. These
enzymes are widely employed in fruit juice clarification, wine stabilization, textile bioscouring, coffee and tea
fermentation, paper pulping, and the bioconversion of agro-industrial residues into value-added products.
Microorganisms serve as the most efficient and economical source of pectinases due to their rapid growth,
extracellular enzyme secretion, and ease of genetic and process optimization. Recent advances emphasize
sustainable and large-scale production strategies, including the use of low-cost agro-waste substrates, optimized
fermentation systems, and bioreactor-based processes. This review integrates the comprehensive information on
the isolation, screening, and characterization of pectinolytic microbial strains, highlighting methodological
approaches, microbial diversity, enzyme assays, and industrial relevance, while providing a coherent framework for
identifying strains suitable for commercial exploitation.
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under controlled conditions. Fungal pectinases are
I. INTRODUCTION especially favoured in food applications because of
their acidic pH optima, while bacterial pectinases are
preferred in textile and paper industries due to their
alkaline and thermostable nature (Hoondal et al.,
2002; Kaur et al., 2021).

Pectin is a structurally complex heteropolysaccharide
abundantly present in the middle lamella and
primary cell walls of higher plants, where it plays a
crucial role in cell adhesion and mechanical strength.
Structurally, pectin is composed mainly of a-1,4- Il. SOURCES OF PECTINOLYTIC
linked D-galacturonic acid residues, partially methyl- MICROORGANISMS
esterified to varying degrees, which significantly

influence its solubility and enzymatic degradation Pectinolytic  microorganisms are  ubiquitously
(Jayani et al, 2005). The degradation of pectin is dijstributed in nature, particularly in environments
catalyzed by a group of enzymes collectively termed  rich in plant-derived organic matter. Common
pectinases, including polygalacturonases, pectin souyrces include decaying fruits and vegetables, fruit
lyases, and pectin methylesterases, each acting on peels, agro-industrial wastes, compost, forest soils,
specific bonds within the pectin polymer (Saharan coffee pulp, and residues from food processing
and Sharma, 2018). industries (Jalil et al., 2021; Alsudani et al., 2023).
These habitats exert selective pressure favouring
Pectinases rank among the most commercially mijcroorganisms capable of utilizing pectin as a
significant enzymes after cellulases and amylases primary carbon source, thereby enriching pectinase
due to their wide industrial applicability. Microbial producers (Oumer and Abate, 2018).
pectinases dominate the global enzyme market, as
microorganisms, particularly fungi and bacteria, can  Numerous studies have reported a high prevalence
produce large quantities of extracellular enzymes of efficient pectinase-producing microorganisms
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from citrus peels, apple pomace, avocado waste, and
coffee pulp residues, highlighting these substrates as
ideal sampling materials (Haile et al., 2022). Forest
soils rich in decomposing plant biomass have also
yielded novel bacterial pectinase producers with
distinct enzymatic properties (Shrestha et al., 2021).
The utilization of agro-industrial waste-rich
environments as microbial sources aligns with
sustainable bioprocessing and circular bioeconomy
concepts (Abdullahi et al., 2025).

Plant pathogenic microorganisms represent another
significant source of pectinase producers. Many
phytopathogens secrete pectinolytic enzymes as
virulence factors during infection. Genera such as
Aspergillus, Penicillium, Fusarium, Alternaria, and
Rhizopus among fungi, and Erwinia, Xanthomonas,
and Clostridium among bacteria are well-
documented producers of extracellular pectinases
(Pedrolli et al., 2009).

Overall, the widespread occurrence of pectinolytic
microorganisms across diverse ecological niches
underscores their ecological significance in carbon
cycling and plant biomass degradation. Strategic
sampling from pectin-rich natural and agro-
industrial environments continues to be a promising
approach for isolating potent strains suitable for
applications in food processing, textile treatment,
paper and pulp industries, and waste valorization
(Shet et al. 2018).

I1l. ISOLATION AND SCREENING OF
POTENTIAL PECTINOLYTIC MICROBIAL
SOURCES

Isolation Techniques

Isolation of pectinolytic microorganisms typically
involves serial dilution of environmental samples
followed by cultivation on appropriate solid media.
Selective media supplemented with pectin enable
preferential growth of pectin-utilizing
microorganisms and facilitate early identification of
potential producers.

Enrichment culture techniques significantly enhance
the recovery of efficient pectinase producers. In this

approach, environmental samples are incubated in
liquid media containing pectin as the sole carbon
source under optimized pH and temperature
conditions. This method suppresses non-pectinolytic
microorganisms and enriches strains with high
degradative potential (Oumer and Abate, 2018).
Enrichment-based isolation is particularly valuable
when targeting strains for large-scale fermentation
and industrial applications.

Subsequent purification of selected isolates is
achieved through repeated streaking on fresh pectin
agar plates to obtain pure colonies. Morphological,
microscopic, and biochemical characterization is
performed for preliminary identification. The pure
culture of the isolates is subjected to qualitative as
well as quantitative screening for the selection of
potent pectinase producers.

Advanced isolation strategies now incorporate
molecular techniques for precise identification and
diversity assessment. Genomic DNA extraction
followed by 16S rRNA gene sequencing for bacteria
or ITS region sequencing for fungi provides accurate
taxonomic classification and helps in discovering
novel strains with superior enzymatic properties
(Kumar et al.,, 2012). Metagenomic approaches are
also being explored to identify unculturable
pectinolytic microorganisms  directly  from
environmental samples, expanding the scope of
enzyme discovery (Abdullahi et al., 2025).

Overall, isolation techniques for pectinolytic
microorganisms combine classical microbiological
methods with modern molecular tools to ensure the
efficient recovery, screening, and identification of
potent enzyme producers suitable for industrial
exploitation (Figure 1.).

| Techniques for Isolation of Microorganisms |

Serial dilution Metagenomics
method

Figure 1: Isolation techniques
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Primary Screening or Plate assay

Primary screening is a rapid, qualitative method used
to identify potential pectinase producers from a
large number of isolates. The most commonly
employed technique is the plate assay using pectin
agar medium, followed by visualization with
indicators such as cetyltrimethylammonium bromide
(CTAB) or iodine solution (Timothy et al., 2022).

Following this method, isolates are spot-inoculated
onto agar plates containing citrus pectin as the sole
carbon source and incubated under suitable
conditions. After incubation, plates are flooded with
CTAB (1%) or iodine-potassium iodide solution.
CTAB reacts with undegraded pectin to form an
opaque precipitate, whereas iodine binds to intact
pectic substances, resulting in a dark background.
Clear halos around colonies indicate extracellular
pectinase activity due to pectin hydrolysis and serve
as a preliminary screening marker for pectinolytic
activity (Kashyap et al., 2001).

The diameter of the clear zone relative to colony size,
serves as a preliminary indicator of pectinolytic
efficiency (Haile et al., 2022). Strains exhibiting larger
clearance zones are considered promising
candidates for further quantitative evaluation. This
approach enables rapid screening of a large number
of isolates in a short time with minimal resource
requirements.

Alternative qualitative assays may involve the use of
ruthenium red staining, which specifically binds to
pectin, or the incorporation of dye-linked pectin
substrates that produce visible color changes upon
enzymatic degradation. These variations improve
visualization and enhance sensitivity in detecting
weak enzyme producers (Kaur et al., 2020).

Although plate assays are simple, rapid, and cost-
effective, they provide only qualitative or semi-
quantitative information and may not directly
correlate with enzyme yields obtained under
submerged or solid-state fermentation conditions.
Factors such as diffusion rate of enzymes in agar,
colony morphology, growth rate, and medium
composition can influence halo formation and

potentially lead to over- or underestimation of actual
enzyme production capacity.

Primary screening is therefore followed by secondary
screening involving quantitative enzyme assays in
liquid culture systems to accurately determine
pectinase activity and select high-yielding strains for
industrial applications.

Secondary Screening or Quantitative Assays
Secondary  screening  involves  quantitative
estimation of pectinase activity after fermentative
production is carried out. Selected isolates are
cultivated in liquid media supplemented with
defined concentrations of pectin (commonly citrus
pectin) as the primary carbon source. After
incubation under controlled pH, temperature and
agitation conditions, cultures are centrifuged and
the extracellular enzyme is recovered from the broth.
Enzyme activity is measured by the standard assay.
This step is critical for identifying strains with high
enzyme yield and productivity.

The dinitrosalicylic acid (DNS) assay is the most
widely used method for pectinase assay involving
the estimation of reducing sugars released during
pectin hydrolysis (Miller, 1959). The DNS reagent
reacts with reducing sugars such as galacturonic
acid, producing a colored complex measurable at
540 nm using a spectrophotometer. Enzyme activity
is generally expressed in international units (IU),
defined as the amount of enzyme required to release
one micromole of galacturonic acid per minute
under specified assay conditions.

In addition to the DNS assay, several complementary
methods are employed for accurate quantification
and enzyme characterization. Spectrophotometric
estimation of galacturonic acid using standard
calibration curves provides precise measurement of
hydrolytic activity. Viscometric assays assess the
reduction in viscosity of pectin solutions due to
enzymatic depolymerization, which is particularly
useful for evaluating endo-polygalacturonase
activity. Substrate-specific assays are also conducted
to differentiate among polygalacturonase, pectin
lyase, and pectin methylesterase activities, often by
measuring absorbance changes at characteristic
wavelengths (Okonji et al., 2019).
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Furthermore, enzyme characterization during
secondary screening may include evaluation of
optimal pH, temperature, thermal stability, metal ion
effects, and substrate specificity. Such parameters
are essential for determining the suitability of a strain
for its industrial applications. Statistical optimization
tools such as response surface methodology (RSM),
factorial design, and Box-Behnken design are
increasingly applied during secondary screening to
optimize medium components and culture
conditions. These approaches enhance enzyme yield,
reduce production cost, and improve process
reproducibility at pilot and industrial scales
(Gonclaves et al., 2012; Ali et al.,, 2025).

Overall, secondary screening integrates quantitative
enzyme assays with process optimization strategies
to identify high-performing pectinolytic strains
suitable for commercial-scale fermentation and
biotechnological exploitation.

Microbial Diversity of Pectinase Producers

A wide range of microorganisms are known to
produce pectinases, with fungi being the most
extensively studied group. Filamentous fungi are
particularly favored in industrial applications due to
their ability to secrete large quantities of extracellular
enzymes into the surrounding medium. Genera such
as Aspergillus, Penicillium, Trichoderma, and Mucor
have been reported to produce high levels of
pectinases under laboratory and industrial
conditions. Among them, Aspergillus is widely
exploited at industrial scale because of its high
secretion capacity, genetic stability, rapid growth on
inexpensive substrates, and Generally Recognized As
Safe (GRAS) status (Sudeep et al., 2020).

Fungal pectinases are especially valuable in fruit juice
clarification, wine production, and textile processing
due to their high activity under acidic conditions.

Bacterial genera including Bacillus, Pseudomonas,
Serratia, Erwinia, and Clostridium are also important
sources of pectinases, particularly for applications
requiring alkaline or thermostable enzymes. Bacillus
species are of special interest because of their ability
to produce extracellular enzymes that are active at
higher temperatures and alkaline pH, making them

suitable for use in paper and pulp industries as well
as in textile retting processes (Kapilavai et al., 2024).
Plant pathogenic bacteria such as Erwinia
chrysanthemi (now classified under Dickeya) are
well-known producers of pectin-degrading enzymes,
which function as virulence factors during plant
tissue maceration. Although pathogenic strains are
not directly used in industry, their enzymes have
contributed significantly to understanding pectin
degradation mechanisms.

Yeasts however are less prominent than filamentous
fungi and bacteria, but are known to contribute to
pectinase diversity. Species such as Kluyveromyces
marxianus and Saccharomyces cerevisiae have
shown  pectinolytic  activity, particularly in
fermentation-based food applications where mild
enzymatic activity is desirable (Chandak et al,, 2021).
Extremophilic microorganisms producing
thermostable,  acid-stable, or alkali-tolerant
pectinases are gaining increasing attention for
applications in harsh industrial environments.
Advancements in  molecular biology and
metagenomics have further expanded the
understanding of microbial diversity by enabling the
discovery of novel pectinase genes from
unculturable microorganisms in environmental
samples. These approaches contribute to the
identification of enzymes with unique catalytic
properties, substrate specificity, and improved
industrial performance (Kaur et al., 2020).

Identification and Characterization of Selected
Strains

Promising pectinolytic isolates are characterized
using a combination of morphological, biochemical,
physiological, and molecular approaches to ensure
accurate identification and industrial suitability
(Saranraj et al.,, 2014). Initial characterization typically
includes observation of colony morphology,
pigmentation, growth pattern, and microscopic
features. For bacteria, Gram staining and
biochemical tests such as catalase, oxidase,
carbohydrate utilization, and enzyme profiling are
commonly performed. For fungi, microscopic
examination of spore arrangement, conidiophore
structure, and hyphal morphology using lactophenol
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cotton blue aids in

identification.

staining preliminary

Further characterization however, involves detailed
evaluation of growth kinetics and enzyme
production profiles under different culture
conditions. Optimization of fermentation parameters
is essential to maximize enzyme yield. Many workers
have investigated various physical and chemical
fermentation conditions for optimum pectinase
production (Saharan and Sharma, 2018; Haile et al.,
2022)

Enzyme characterization studies are also conducted
to determine optimum pH and temperature, thermal
stability, pH stability, substrate specificity, and the
influence of metal ions or inhibitors (Kumar et al.,
2015). These parameters are critical for assessing
industrial applicability in various sectors such as fruit
juice clarification, textile processing and paper and
pulp treatment.

Advanced bioprocess strategies have significantly
improved pectinase production at pilot and
industrial scales (Afzia et al, 2024). Statistical
optimization tools including response surface
methodology (RSM), central composite design
(CCD), and Box—Behnken design are widely used to
evaluate interaction effects among variables and to
determine optimal production conditions with
reduced experimental trials (Ali et al., 2025).

IV. INDUSTRIAL APPLICATIONS AND

SIGNIFICANCE
During recent years the commercial pectinase
production has reached upto 10% of the

manufacturing of biocatalysts. It is because of the
versatility of these enzymes and increasing
applicability of pectinases in industries including
beverage, waste treatment, textile, and fruit juice
industry (Garg et al., 2016; Zahra et al.,, 2024).

Food industry- The pectin forms the major
component of fruit hence pectinases are majorily
employed for fruit juice extraction and clarification at
industrial scale. Sometimes arabinases and cellulases
are utilized to increase the efficiency of pectinases

which depends upon the different types of fruit
juices (Pasha et al, 2013). Most commonly acidic
pectinases are used for this purpose (Shet et al.,
2018).

Textile industry- Pectinases alongwith cellulases,
hemicellulases and amylases are used for Bio-
scouring which is now-a-days preferred method for
textile processing. These biocatalysts are used as
sizing agent for cotton textile making it an
ecofriendly process as it avoids the use of toxic
caustic soda as used earlier (Kaur et al., 2021). Many
reports have demonstrated the importance of
alkaline pectinase in textile industry for increasing
whiteness and absorbency (Karapinor and Sarisik,
2004; Vigneshwaran et al., 2011)

Paper industry- Enzymes are employed in the paper
manufacturing processes since decades. Xylanases,
cellulases and pectinases are primarily used in paper
industry. During papermaking; these enzymes are
used for bio-bleaching of pulp and pectinases
specifically carry out depolymerization of polymers
of galacturonic acids, which reduces the cationic
demand of pectin solutions (Reid et al., 2000).

Beverage industry- Pectinase are also used in
beverage industry for tea and coffee fermentation. In
the manufacture of instant tea, pectinase treatment
reduces foam formation by destroying pectin (Pasha
et al.,, 2013).

Wastewater treatment- The wastewater generated
from citrus processing industries and vegetable
processing industries release by-products which are
rich in pectin. Enzymatic treatment of these
wastewaters with pectinases facilitates
decomposition of pectin-rich by-products and
makes it suitable for decomposition by activated
sludge treatment (Hoondal et al., 2002).

Degumming- The use of pectinases in degumming
of bast fibres has been widely reported. Pectinases
are also utilized for the degumming and retting of
different fibres like ramie, jute, flax, kenaff, hemp,
and coir etc. (Bruhlmann et al., 1994). The enzymatic
treatment of fibres is proven beneficial as compared
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to chemical method of degumming as it generates
toxic by-products.

V. CONCLUSION AND FUTURE
PERSPECTIVES

Isolation and systematic screening of pectinolytic
microorganisms form the foundation for developing
efficient, economical, and scalable pectinase
production processes. The integrated application of
selective isolation techniques, enrichment strategies,
qualitative plate assays, and quantitative enzyme
assays ensures the identification of robust, high-
performing  strains  suitable  for  industrial
exploitation. Combining classical microbiological
approaches with molecular identification methods
significantly enhances accuracy, reproducibility, and
strain selection efficiency.

Advances in fermentation technology including
optimized submerged and solid-state fermentation
systems, process automation, and real-time
monitoring are contributing to higher productivity
and consistent enzyme yields. Strategies such as fed-
batch fermentation and statistical optimization tools
have demonstrated substantial improvements in
production efficiency at pilot and industrial scales.
Future research prioritizes metagenomic and
functional genomics approaches to explore
unculturable microbial diversity and identify novel
pectinase genes from diverse ecological niches.
These approaches can accelerate the discovery of
enzymes with unique catalytic properties and
improved industrial resilience. Strain improvement
through genetic engineering, adaptive laboratory
evolution and computational enzyme design also
holds significant promise for enhancing production
yields and process sustainability.

REFERENCES

1. Abdullahi, A, et al. (2025). Spotlight on
pectinase: A comprehensive review of large-
scale production strategies. Critical Reviews in
Biotechnology. 10, 1-21.

2. Afzia N., Shill N., Bhaskar JK., Nandan S. (2024).
Optimization of conditions for production of

10.

11.

pectinase in solid-state fermentation with
Aspergillus flavus using dried Assam lemon peel
powder as substrate Measurement: Food
14,100166

Alsudani, AA. (2023). Evaluate the capability of
some local fungal isolates to produce pectinase
enzyme using some fruit peels. Agricultural
Science Digest, 1, 1-7.

Brihlmann, F., Kim, KS., Zimmerman, W. and
Fiechter, A. (1994). Pectinolytic enzymes from
actinomycetes for the degumming of ramie bast
fibres. Applied and Environmental
Microbiology., 60(6), 2107-2112.

Chandak, A., Kasbekar, SV. and Patne, MA.
(2021).  Production  of  pectinase by
Saccharomyces cerevisiae using sugar beet pulp.
Nveo-Natural Volatiles and Essential Qils Journal
NVEO, 16607-16613.

Garg, G, Singh, A, Kaur, A,, Singh, R., Kaur, J., and
Mahajan, R. (2016). Microbial pectinases: An
ecofriendly tool of nature for industries. 3
Biotech. 6, 1-13.

Gongalves, DB., Teixeira, JA., Bazzolli, DMS., de
Queiroz, MV., and de Araujo, EF. (2012). Use of
response surface methodology to optimize
production of pectinases by recombinant
Penicillium griseoroseum T20. Biocatalysis and
Agricultural Biotechnology. 1(2), 140-146.

Haile, S., Masi, C. and Tafesse, M. (2022). Isolation
and characterization of pectinase-producing
bacteria (Serratia marcescens) from avocado
peel waste for juice clarification. BMC
Microbiology. 22(1), 1-15.

Hassan S, and Hugouvieux-Cotte-Pattat N.
(2011). Identification of two feruloyl esterases in
Dickeya dadantii 3937 and induction of the
major feruloyl esterase and of pectate lyases by
Ferulic Acid. J. Bacteriol 193(4), 963-970.
Hoondal, G. S, Tiwari, R. P., Tewari, R,, Dahiya, N.,

and Beg, Q K.  (2002). Microbial alkaline
pectinases and their industrial applications: A
review. Applied Microbiology and

Biotechnology. 59: 409-418.

Imran Ali I, Abdullah R, Saqgib S. Kinza N.,
Afshan K., Mehwish ., Irfana I. and Xiaoming C.
(2025).  Statistical optimization of pectinases
from thermophilic Aspergillus fumigatus BT-4
employing response surface methodology



Ananya Chaudhary, International Journal of Science, Engineering and Technology,

2026, 14:2
through  submerged fermentation using
agricultural wastes BMC Biotechnology 25:1

12. Jalil, MTM. and Ibrahim, D. (2021). Partial

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

purification and characterisation of pectinase
produced by Aspergillus niger LFP-1 grown on
pomelo peels as a substrate. Tropical Life
Sciences Research. 2(1), 1-9.

Jayani, R. S., Saxena, S., and Gupta, R. (2005).
Microbial pectinolytic enzymes: A review.
Process Biochemistry. 40, 2931-2944.

Kapilavai S., Ranganadha RA., Chandrasekhar C.
(2024). Purification and Production Optimization
of Bacterial Pectinases Using Fruit Waste. Int. J.
Pharm. Investigation, 14(4), 1216-1220.
Karapinar, E. and Sariisik, MO. (2004). Scouring
of cotton with cellulases, pectinases and
proteases. Fibres and Textiles in Eastern Europe,
12(3), 79-82.

Kashyap, DR., Vohra, PK., Chopra, S., and Tewari,
R. (2001). Applications of pectinases in the
commercial sector: A review. Bioresource
Technology. 77(3), 215-227.

Kaur, G., Kumar, S., & Satyanarayana, T. (2020).
Production, characterization and application of
thermostable pectinase from extremophiles.
Extremophiles.

Kumar, S., Jain, NK,, Sharma, KC.,, Paswan, R,
Mishra, BK. and Srinivasan, R. (2015).
Optimization, purification and characterization
of pectinases from pectinolytic strain,
Aspergillus foetidus MTCC 10559. Journal of
Environmental Biology. 36, 483-489.

Okonji RE., Itakorode BO., Ovumedia JO. and
Adedeji OS. (2019). Purification and biochemical
characterization of pectinase produced by
Aspergillus fumigatus isolated from soil of
decomposing plant materials. Journal of Applied
Biology and Biotechnology ,7(3), 1-8.

Oumer, OJ., and Abate, D. (2018). Screening and
molecular identification of pectinase-producing
microorganisms from coffee pulp. Scientific
Reports. 2018, 1-7.

Pasha, KM., Anuradha, P. and Subbarao, D.
(2013). Applications of Pectinase in Industrial
Sector. Int J Pure Appl Sci Technol 16, 89-95.
Pedrolli, DB. Monteiro, AC., Gomes, E., and
Carmona, EC. (2009). Pectin and pectinases:
Production, characterization and industrial

23.

24.

25.

26.

27.

28.

29.

30.

31.

application of microbial pectinolytic enzymes.
Open Biotechnology Journal. 3, 9-18.

Reid, I. and Ricard, M. (2000). Pectinase in
papermaking: solving retention problems in
mechanical pulps bleached with hydrogen
peroxide. Enzyme and Microbial Technology,
26(2-4), 115-123.

Saharan R. and Sharma K.P. (2018) Industrial
application of thermophilic pectinase: a review.
International Journal of Current Research.10(6),
70762-70770.

Saranraj P. and Naidu MA. (2014). Microbial
pectinases: a review. Global J Trad Med Syst, 3(1),
1-9.

Shet, AR, Desai, S.V., and Achappa, S. (2018).
Pectinolytic enzymes: classification, production,
purification and applications. Res J Life Sci
Bioinform Pharm Chem Sci, 4(3), 337-348.
Shrestha, S., Rahman MS., and W. Qin., (2021).

New insights in pectinase production
development and industrial applications.
Applied Microbiology and Biotechnology,

105(24): 9069-9087.

Sudeep KC., Upadhyaya, J., Joshi, DR., Lekhak, B.,
Kumar Chaudhary, D., Raj Pant, B. and Raghavan,
V. (2020). Production, characterization, and
industrial application of pectinase enzyme
isolated from fungal strains. Fermentation. 6(2),
59-67.

Timothy M., Mayel, MH., Yohanna, ER., Adondua,
M A, Chinekwu, UK, Binunga, BB., and Janet, T.
(2020). Pectinase production from a local isolate
of Aspergillus niger using orange bagasse as a

carbon source. Asian Journal of Tropical
Biotechnology, 19(2), 81-86.
Vigneshwaran C, Anbumani N.,

Ananthasubramanian M. and Rajendran R.
(2012). Prediction and process optimization of
pectinolytic reaction on organic cotton fabrics
for bioscouring with alkaline pectinase. Ind J
Fiber Text Research. 37, 183-190.

Zahra H., Ali S., Nawab AR., Ahmad MU. and
Aftab MN. (20240. From nature to industry:
harnessing the power of pectinase towards
potential biotechnological applications.
International  Journal of Biology and
Biotechnology. 21(1), 17-35.



Ananya Chaudhary, International Journal of Science, Engineering and Technology,
2026, 14:2

Author’s details

1. Ananya Chaudhary, Department of
Biotechnology, Meerut Institute of Engineering
& Technology, Uttar Pradesh, India,
chaudharyananya714@gmail.com

2. Almas Nauseen, Department of Biotechnology,
Meerut Institute of Engineering & Technology,
Uttar Pradesh, India, nauseenalmas@gmail.com

3. Misbah  Fatima  Rizvi  Department of
Biotechnology, Meerut Institute of Engineering
&  Technology, Uttar Pradesh, India,
misbahfatimarizvi02@gmail.com

4. Ashima Kathuria, Professor, Department of
Biotechnology, Meerut Institute of Engineering
&  Technology, Uttar Pradesh, India,
ashimakapoorbt@gmail.com



