Name :Dr. A.M. Ramachandran
Designation : Assistant Professor
Department : Microbiology
Quialification : M.Sc., PhD.

Experience : Teaching - 21 Years |

Industry - 5.9 Years | Research - 5 Years
Area of Specialization(s) : Agricultural Microbiology, Pharmaceutical QA

Email (Official ID) : ramachandran@drngpasc.ac.in

Academic Qualifications

. . : Year of
Degree| Branch Institution / University Name Graduation
Ph.D. | Microbiology Gandh!gram Rural Institute- Deemed University, 2011
Gandhigram
M.Sc. | Microbiology | Ayya Nadar Janaki Ammal College, Sivakasi 1999
B.Sc. | Microbiology | Sengunthar Arts and Science College, Thiruchengode 1997

Additional Qualifications

Dip. / Cert. Area of Specialization Institution /University / Agency Year
Name

Certificate German language Tamil Nadu Theological Society 2003

Computer Hardware MSME Development Institute,

and Networking Computer Technology Chennai 2015

Certificate Cell Cultu_r ¢ NPTEL 2020
Technologies

Certificate Applied Environmental |\ e 2023
Microbiology

Certificate HACCP - Level 3 AVT Academy 2023

Certificate Microbial NPTEL 2025
Biotechnology
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Projects Completed

Project Title Agency Amount | Duration

“Detection and Identification System of
Bacteria and Bacterial Endotoxin in the DBT 3800000 | 1 Year
drinking water source by foldscope”

“Mass cultivation of Sphingomonas trueperi
for Polycyclic Aromatic Hydrocarbons (PAH) DRNGPASC | X 101500| 1 Year
Degradation in textile waste dump yard at
Tirupur «

Consultancy

Nature of Client Amount | Status

Antibacterial assay

Department of Costume Design & Fashion,

Dr. N.G.P. Arts and Science College 32000 Completed

Research Guidance

Programme

No. of Scholars

Completed Pursuing

Ph. D. - 03

Research Publications (Indexed)

Chellaraj Emmanueul E S, Ramachandran A M, David Ravindran A, Natesan M,
Maruthamuthu S, Effect of rare earth elements on dry matter partioning, nodule
formation and chlorophyll content in Arachis hypogaea L. plants., Australian Journal of
Crop Science, 4(9):670-675, 2010, ISSN 1835-2707, (Indexed in UGC).

Ramachandran A M, David Ravindran A, The role of MHB on Mycorrhiza infected Arachis
hypogaea L., Journal of Pure & Applied Microbiology, vol. 2(2):477-4, 2008, ISSN: 2581-
690X, (Indexed in UGC).

Praveen K, Ramachandran A.M., Nivethitha M, Synthesis of Silver Nanoparticles Using
Leaf Extract of Tridax Procumbens and Analysis of its Activity against Skin Infection
Causing Bacteria, Strad Research, Vol 8 (9):353-359, 2021, ISSN: 0039-2049, (Indexed in
UGC CARE GROUP II, Web of Science).



Ramachandran A.M., Senthil Prabhu S., Devakumar J., Rengaramanujam J., Karthik
Sundaram S., Mahenthiren R., Varsha T.K., Hydrogel Formulation from Calotropis
Gigantea Plant Extract Against Foot Ulcer Causing Bacteria In Diabetes, Asian J Pharm
Clin Res, Vol 14, Issue 11, 2021, 1-4, ISSN: 2455-3891, (Indexing In Google Scholar,
Elsevier Products (EMBASE & EBSCO), Index Copernicus).

Other Publications: International / National Journals

A. M. Ramachandran, Bacterial Isolates from Pharmaceutical Industry Environment
and Water System, Asian Journal of Applied Science and Technology Vol 1 (9), Pages 01-
13, 2017, ISSN:2456-883X, (Indexed in International Scientific Intex/ Google Scholar,
Google,

Academia, SSRN, Researchgate).
Ramachandran AM and David Ravindran A, Biocontrol of Aspergillus root rot by tripartite

symbiosis in groundnut. Int. J. Adv. Res. Biol. Sci., Vol 4(9): 5-15, 2017, ISSN: 2348-8069,
(Indexed in Google Scholar).

Appanna Mohanram Ramachandran, Kiruthika Balasubramani, Nivetha Selvaraj and Piruthika
Ravanan, Dye Degrading Microbial Isolates from Textile Soil - A Monograph,
International Journal of Pharmacy and Biological Sciences, vol 9 (3): 599-604, 2019, ISSN
2321-3272, (UGC Approved, Index Copernicus, Journal index).

Harsha Karunakaran, Ramachandran A. M., Saranya S. and Manju M, Isolation of
Lactobacillus from Non-Dairy Products and Assessment Of their probiotic Properties,
World Journal of Pharmaceutical And Life Sciences, Vol. 6(8): 226-23, 2020, ISSN: 2454-
2229, (Web of Science Group, Academic Research index, Indian Citation Index, Index

Copernicus).

Saranya S., Ramachandran A. M., Manju M and Harsha Karunakaran, An In Vitro study
of Ipomea Carnea and Piper Betel Leaf Extract Mixture on Anti diabetic and bacterial
endotoxin neutralization, World Journal of Pharmaceutical and Life Sciences, vol 6(8): 257-
263, 2020, ISSN: 2454-2229, (Web of Science Group, Academic Research index, Indian

Citation Index, Index Copernicus).

Manju M., Ramachandran A.M., Saranya S and Harsha Karunakaran, Seaweed Extract — A
source for cosmetic formulation and antibacterial activity, International Journal of
Multidisciplinary Educational Research, Vol. 9(7):1-12, 2020, ISSN: 2277 — 7881, (SCIRUS,
International Scientific Index, Scribd, ULRICHS WEB, Scope Med, Index scholar).



Nivethitha.M, Ramachandran A.M, Green Synthesis of Silver Nanoparticles Using Zingiber
Officinale Rhizome Extract and Its Application on Diabetic Foot Ulcer, International
Journal of Creative Research Thoughts, Vol 9(7): 584-591, 2021, ISSN: 2320-2882, UGC
Approved Journal No: 49023 (18), (Indexed in Google Scholar, SSRN, Semantic Scholar

Research Gate, Thomson Reuters).

Priyadharshini.R, Renuga devi.S, Saranya.T, Ramachandran A.M, Construction Of
Simplified Microbial Consortium from Gold Ornaments and their sensitivity against
Disinfectants, International Journal of Creative Research Thoughts, Vol 9(8): 425-434, 2021,
ISSN: 2320- 2882, UGC Approved Journal No: 49023 (18), (Indexing In Google Scholar,
SSRN, Semantic Scholar Research Gate, Thomson Reuters).

Renuga devi. S, Priyadharshini. R, Saranya. T, Ramachandran A.M, Evaluation of Microbial
Load on Combs in various places within the Tirupur District, Tamil Nadu, and sensitivity
pattern of Disinfectants, International Journal of Creative Research Thoughts, Vol 9(8):774-
786, 2021, ISSN: 2320-2882, UGC Approved Journal No: 49023 (18), (Indexing In Google

Scholar, SSRN, Semantic Scholar Research Gate, Thomson Reuters).

Saranya. T, Renuga devi. S, Priyadharshini. R, Ramachandran A.M, Antibacterial and
Phytochemical analysis of Capsicum Annum (Chili Pepper Bss-859 F1 Hybrid) against
foodborne pathogens, International Journal of Creative Research Thoughts, Vol 9(8): 816-
822, 2021, ISSN: 2320-2882, UGC Approved Journal No: 49023 (18), (Indexed in Google
Scholar, SSRN, Semantic Scholar Research Gate, Thomson Reuters).

Rama T.C., Ramachandran A. M., Topical Gel Formulation from Cassia Auriculata Flower

and Aloe Vera Leaf Extract Against Skin Infection Causing Bacteria Staphylococcus
aureus Caused Wound Scar, World Journal of Pharmaceutical And Life Sciences, Vol. 8,

Issue 11, 2022, 188-195 ISSN: 2454-2229, (Web of Science Group, Academic Research index,

Indian Citation Index, Index Copernicus).

R. Devadharshini, G. Karpagam, K. Pavithra, S. Kowsalya, P. Mohana Priya and A. M.
Ramachandran, Green Synthesis of Silver Nanoparticles, Microbiology Research Journal
International, Volume 33, Issue 5, Page 1-9, 2023, ISSN: 2456-7043, (Research gate, Google

scholar, Index Copernicus).



G Karpagam , K Pavithra , S Kowsalya ,R Devadharshini , P Mohana priya and A M
Ramachandran, Cow urine based dermal defender: A review, World Journal of Advanced
Research and Reviews, 18(01), 1114-1121, 2023, ISSN 2581-9615 (Google Scholar, Cross
Mark, Scilit).

Ramachandran A. M., Arivishnu G and Paul Abiaa J, Formulation of Cow Urine and
Papaya Seed Extract Powder based Medicinal Soap and Its Antibacterial Activity
against Pyogenic Organisms, Indian Journal of Natural Sciences, Vol.15 / Issue 85 / Aug /

2024, ISSN: 0976 — 0997 (Indexed in UGC Care, Web of Science).

Rahul R, Deepika A, Kesavardhini K, Bharath Kumar S and A.M. Ramachandran,
Isolation and Characterization Of Polycyclic Aromatic Hydrocarbon Degrading
Organism From Tirupur City Dump Yard Soil, International Journal of Creative Research
Thoughts, Volume 12, Issue 7 July 2024 | ISSN: 2320-2882. (Research gate, Google scholar,

Index Copernicus).

Deepika.A, Rahul.R, Kesavardhini.K, Bharath kumar.S, Ramachandran AM, Phytochemical
Screening and Evaluation of Antimicrobial, Antioxidant and Antibiofilm Properties of
the Bioactive Compounds from the Extracts of Carica Papaya L Leaves, June 2024,
Volume 11, Issue 2, 649-662. (E-ISSN 2348-1269, P- ISSN 2349-5138) (Research gate,

Google scholar, Index Copernicus).

Arunavarsini K, Durgadevi L, Ramachandran A.M and Mahenthiran R, Isolation,
Identification and Assessment Of Antimicrobial, Antioxidant, Antidiabetic and Anti-
Inflammatory Activity of Heat- Killed Postbiotic from Lactobacillus Strain,
International Journal of Biology, Pharmacy and Allied Sciences, Special Issue, 2025, 14(3):
193-200. (Indexed in UGC Care, Web of Science).

Ramachandran A M, Monisha S, Mahenthiran. R, Arunavarshini. K, Paul Abiaa J, Arivishnu G,
Saravana Kumari P and Suresh Dhanaraj, On-Site Study of Lipophilic Bacteria in the
Bioremediation of Polycyclic Aromatic Hydrocarbons (PAH) from Automotive Grease /
Engine Oil Spills, Indian Journal of Natural Sciences, Vol.16 / Issue 93 / Dec / 2025.1SSN: 0976
—0997. (Google Scholar, SIR, Research Gate, Thomson Reuters)

Ramachandran A. M., Arivishnu G, Nivetha P, Mahalakshmi S, Sowmiya V, Ramya Shri S,
Karthick P, Gloriosa superba (L.): A Current Review Of Its Phytochemical Properties And
Anti-Bacterial Activities, Journal of Dental and Medical Sciences (IOSR-JDMS), Volume 24,
Issue 12 Ser. 2 (December. 2025), PP 21-28. (Google Scholar, SJR, Research Gate, Thomson
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Reuters).

Prannesh U R, Siya Saji, Reshma Banu S, Akshay Krishanan U S, Ramachandran A M,
Investigating Direct Current Stimulation of Wounded Cell Collectives via Bioelectronic
Microfluidic Wound Healing: A Review, Journal Publication of International Research for
Engineering and Management, VVolume: 04 Issue: 03 Mar-2026. ISSN (O) 3107-6696. (Google
Scholar, SJIR, Research Gate, Thomson Reuters).

Ramachandran A M, Mahenthiran R and Swathi S, Extraction and Characterization of Post
biotic Nanogel for Targeted Wound Healing from Mushroom, Journal of Advance and
Future Research, Volume 4, Issue 3 March 2026. ISSN: 2984-889X. (Google
Scholar, SJR, Research Gate, Thomson Reuters).

Siya saji, Prannesh U R, Divya R, Umavathy R and A M Ramachandran, Microbial and
enzymatic degradation of polylactic acid (PLA) and related polyesters:molecular
mechanisms, marine environmental dynamics and biotechnological innovations, Journal
Publication of International Research for Engineering and Management, VVolume: 04 Issue: 03 |
Mar-2026. ISSN (O) 3107-6696. (Google Scholar, SIR, Research Gate, Thomson Reuters).

Chapters Published in Edited Book

Ramachandran A M, Nivedha A, Devadharshini R, Jaya Shree K and Riya R, 2022, “Microbes
for Clean and Green Environment”, Volume - 2 (ISBN:978-93-91342-06-7).
Ramachandran A. M., Nivethitha M., 2022, Immunology, Medical Microbiology and
Genetic Engineering (Lab Manual for PG students), Published by Dr. N.G.P. Arts and Science
College, page no.1-50, ISBN NO 978-81-960241-9-2.

Ramachandran A M, Paul Abiaa J, Arivishnu G. Joel J S Vijay and Vishmitha M, “Bioactive
Phytochemicals: Recent Developments in Extraction, Isolation, Characterization and
Applications”, Published By: INAM Pathipagam Coimbatore, Tamil Nadu, India, First
Edition: September 2024, Volume 1, page no.32-42. 9600370671. ISBN: 978-93-95137-80-
Ramachandran A M, Mithra K, Siya Saji, Priyanka, Naveen kumar, Vethanantha G
Kanchandevi K, “Next-Gen Microbiology: Global Perspectives”,- Emerging Trends in
Microbiology” Published By: Newethic Publication, Coimbatore, Tamil Nadu, India, First
Edition: April 2026, Volume 1, ISBN: 978-81976772-5-0.

Ramachandran A M, Siya Saji, Divya R, Umavathy R, Shri Varsha S, and Boomika R, “Next-Gen
Microbiology: Global Perspectives”,- Microbiology and Global Human Health”
Published By: Newethic Publication, Coimbatore, Tamil Nadu, India, First Edition: April
2026, Volume 1, ISBN: 978-81976772-5-0.



Presentations in Conference

Efficacy of N2 fixing bacteria and AMF in seedling mixed to colonize plants roots and
control root diseases of Arachis hypogaea L., An international symposium on Microbial
Biotechnology: Diversity, Genomics and Metagenomics, 49" Annual conference of
Association of Microbiologist of India at Delhi University, New Delhi, 18 -Nov-2008 to 20-
Nov-2008.

An approach to reduce starch content in sago effluent by biological agent and ionization,
National conference on Genomics and proteomics in bioprospecting-Role in Healthcare
Development, Dept of Biotechnology, Dr. N.G.P. Arts and Science College, Coimbatore, 21-
Dec-2016.

Formulation of Moringo based herbal tooth paste against Streptococcus mutants,
International conference on Recent innovation in Health & biological sciences, PSG College
of Arts and Science, Coimbatore, 14 Jul-2023 & 15 Jul-2023.

Fungi candidate for degrading Poly Aromatic Hydrocarbon (PAH) compounds in
automobile engine oil and grease spilled soil in the International conference on “Recent
Trends on Fungal Applications in Agriculture, Industry and Biomedical Process” (IFAAIB—
2024) held at Madurai Kamaraj University, Madurai Tamil Nadu, India on 25th October,
2024.

Ameliorate the Biodegradation of Used Engine Oil/Grease Spilled Soil In Automotive
Shop By Lipophilic Bacteria, Departments Of Biotechnology, Microbiology and Food
Processing Technology & Management Jointly Organizes BIOSUMMIT 2025 International
Conference On Innovation In Biosustainability (ICIB) at HICAS on 31st January 2025.

Participation in Conference

International

Conference on Research and Development in Biosciences, Dept of biotechnology and
microbiology, Kannur University, Thalassery Campus, Palayad, Kannur, 17 to 19-Jan- 2019.

Conference on Recent innovation in Health & biological sciences, PSG College of Arts and
Science, Coimbatore, 14 Jul-2023 & 15 Jul-2023.

National

Conference on Transitional and Translational Scenarios in Biological Sciences (3 I’s- In vitro

to in silico) DBT and ICMR sponsored national level conference has been participated as



organizer at Dr. N.G.P. Arts and Science College, 9 and 10-Sep-2016.

Conference on Recent Innovation in Nanomedicine & Drug Delivery, DDU Kaushal Kendra
& Department of Applied Sciences, Mangaluru, 3-Sep-2018.

Participation in Orientation Programme / Short Term Courses

One Week Online Course for Aspirants of CSIR-NET in Life sciences Organized by PG and
Research Department of Zoology, Jamal Mohamed College, Tiruchirappalli from 5" —11%" -
May 2020.

NPTEL Online Certification program on Cell culture techniques, by NPTEL, Jan-April,
2020.

One Week Online Certificate Course on Digital Teaching Techniques by ICT Academy from
10" — 15- Aug- 2020.

NPTEL Online Certification program on Applied Environmental Microbiology, by
NPTEL, Jan- April, 2023.

UGC sponsored online refresher course in Life Sciences conducted by UGC-MMTTC,
Bharathiyar University held from 18" September to 1! October, 2024 and obtained A+ grade.
FDP Digital Marketing Professional Program course completed and the certificate is awarded
to for successfully completing the course on February 4, 2026 in Infosys Springboard.

Gene Bank Submissions

Ramachandran, A. M. and David Ravindran, A. Rhizobium sp. GRU-2/09 16S ribosomal
RNA gene, partial sequence, GQ243694.

Ramachandran, A. M. and David Ravindran, A. Rhizobium sp. GRU-1/09 16S ribosomal
RNA gene, partial sequence,GQ243693.

Saravanan, J. A., Ramachandran, A. M. and David Ravindran, A. Rhizobium
leguminosarum strain GU-1 16S ribosomal RNA gene, partial sequence, EU722290.1

Participation in Workshop/Training

National level IP Awareness and Training Programme under National Intellectual Property
Awareness Mission, held on 28-July-2026 organized by IPR, Govt. of India.

Inclusive Education Toolkit and Role of Artificial Intelligence in Inclusive Education and
Assistive Technologies held on 24" July 2025 jointly organized by Nottingham Trent
University, United Kingdom and Indian Institute of Technology Palakkad, Kerala.



Flow Cytometry Basics and Applications workshop held at the Department of Biological
Sciences and Engineering on 28-July-2025 organized by IIT, Palakkad.

National level workshop cum training Programme on Polymerase Chain Reaction (PCR)
organized by the National Institute of Food Technology, Entrepreneurship and Management
(NITEM-T), Thanjavur held on 4-Aug-2023.

E Workshop cum Discussion forum on High end characterization of Microalgae: Overcoming
the Technological Barriers, from 3 & 4-Mar- 2021, TERI.

Research Based Pedagogical tools, DBT, British Council, IISER Pune, and Sacred Heart
College, Kochi, Kerala, 11 to 14-Oct-2017.

Participation in Faculty Development Programme

One Week International FDP Program on Interdisciplinary Applications of Science
and Artificial Intelligence, February 9" to 18" 2026 at RVS College of Arts and Science
and Science College, Coimbatore.

Three days FDP on Molecular Docking and Green Technology on 05, 06 and 09 June, 2025
organized by lyarvi Research Center for Bioinformatics (IRCB) and Dr. N.G. P. Arts and Science
College.

Two days FDP on Tech Enabled Teaching on 21 & 22" September 2025 organized by
Bright Hawk Infotech Solutions.

Two days FDP on Critical and Creative Thinking Skills on 5" & 6" August 2024 organized
by IQAC of Michael Job Memorial College of Education for Women.

AICTE Training and Learning (ATAL) Academy Online Elementary FDP on Drug
Engineering through Bioprospecting, 12 to 16-July-2021.

One Week online FDP Program on Research Methodology and Pedagogy for Tertiary
Education, June 15 to 21-June-2021Dr. N.G. P. Arts and Science College, Coimbatore.

One Week FDP Program on Quality Initiatives in Higher Education, Dr. N.G.P. Arts and
Science College, Coimbatore, Sri Ramakrishna College of Arts and Science, Coimbatore, Gobi
Arts and Science College, Gobi, Vellalar College for Women, Erode, 13 to 20-Apr- 2020.

One week FDP Programme on Moodle Learning Management System, Dr. N.G.P. Arts and
Science College, Coimbatore, 04-May-2020.



Seven days FDP on NAAC Revised Accreditation Frame Work and OBE Assessment
Methodology, Dr. N.G.P. Arts and Science College, Coimbatore, 27-May-2019 to 02-Jun-
20109.

Seven days FDP on Quality Measures in Higher Education, Dr. N.G.P. Arts and Science
College, Coimbatore, 3 to 9-Dec-2019.

Conference / Seminar / Workshop Organized

Organizing Secretary of 17" Louis Pasteur Memorial National Symposium in Alternative
Medicine for Combating Infectious Diseases (AMCID-2022), D.N.G.P. Arts and Science
College, 27" & 28" - February-2025.

Organizing Secretary of 15" Louis Pasteur Memorial National Symposium in Microbial
Prospecting and Entrepreneurship (MPE-2023), D.N.G.P. Arts and Science College, 22-
September-2023.

Organizing member, National Conference on Interdisciplinary Approaches on Dynamics of
Bioscience Research, Faculty of Biosciences and DBT- Star College Scheme, Dr. N.G.P.
Arts and Science College, 28-March-2023.

Organizing member, International Symposium on Role of Multidisciplinary Research in
Microbiology for Sustainable Development, Dept. of Microbiology and DBT-Star
College Scheme, Dr. N.G.P. Arts and Science College, 9 to 10-March-2023.

Organizing Member, International Seminar on Perspectives of nanotechnology in medical
applications, Dr. N.G.P. Arts and Science College. Nov-2022.

Organizing Secretary, Workshop on Identification Fungi & Algae and Training in
Foldscope- WIFATF-2019, under DBT Star Scheme, Dr. N.G.P. Arts and Science College,
06 & 07-Feb-2019.

Organizing member, National Workshop on Intellectual Property Rights-2019, IPR cell
and DBT star scheme, Dr. N.G.P. Arts and Science College, 15-Feb- 20109.

Organizing Member of 10th Louis Pasteur Memorial National Symposium in Nanotechnology
in drug delivery a tool for biology and medicine (PSNDD-2017), Dr. N.G.P. Arts and
Science College, Coimbatore.

Organizing member of 14th national conference of IAAM on Transitional and Translational
Scenarios in Biological Sciences 09 — Sep- 2016 & 10— Sep- 2016, at Dr. N.G.P. Arts and

Science College.



Invited Speaker / Session Chair- Conference / Seminar / Workshop

e In-house Lecture on the title Corrective and Preventive Measures on Lab, Dr. N.G.P. Arts

and Science College, Coimbatore, 12"May-2022.

e Online lecture workshop presentation on Quality Analysis in Pharmaceutics, under the DBT-

star scheme, Department of Microbiology, 7-October-2021.

e Online Guest Lecture on Career Opportunities for Microbiologist in Pharmaceutical

Industry, Department of Microbiology, School of Life Sciences, Vels Institute of Science

Technology and Advanced Studies, Chennai, 7-December-2021.

Administrative Experience/ Post & Responsibilities Held

e Academic Audit Committee Member, since 2020, Dr. N.G.P. Arts and Science College.
e NSS Member, since 2021, Dr. N.G.P. arts and Science College.

E- Content

e https://luxyram40.blogspot.com

Member in BoS

e Internal member of Microbiology Board, DRNGPASC, Coimbatore, since 2016.

e Member of BOS in Bharathiyar University PG Microbiology since 2025.

Membership in Professional Bodies

Name of the Professional Body | Nature of membership Duration

IAAM Life-time 2016

American Society for Microbiology| Life-time 2025




Dr. N.G.P. ARTS AND SCIENCE COLLEGE

(An Autonomous Institution, Affiliated to Bharathiar University, Coimbatore)
Approved by Government of Tamil Nadu &amp; Accredited by NAAC with A++ Grade (3 rd Cycle-3.64 CGPA) SARTMENT OF BIOTECH
Dr. N.G.P. - Kalapatti Road, Coimbatore-641048, Tamil Nadu, India Ministry of Science & Techno

Web: www.drngpasc.ac.in |[Email: info@drngpasc.ac.in | Phone: +91-422-2369100

In association with

(Registered under MSME,Govt. of India)
Gobichettipalayam, Erode - 638 452,Tamil Nadu, India.

é@ Ilyarvi Research Center for Bioinformatics (IRCB)

Certificate of Participation

This is to certify that Dr. A. M. Ramachandran, Associate Professor, Department of
Microbiology has Participated in Three Days Functional FDP program on “Molecular Docking
and Green Toxicology (MDGT’25) held during 05", 06™ and 09" June, 2025 at Dr. N.G.P Arts
and Science College, Coimbatore

¥ Q"”\W /3 | AW«—J

Dr.S.Ravikumar
Sr.Scientist & Head

Prof. Dr.S.Saravanan
Dr.N.G.P. Arts and Science College
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COURSE COMPLETION CERTIFICATE

The certificate is awarded to

Dr Ramachandran A M

for successfully completing the course

FDP Digital Marketing Professional Program

on February 4, 2026

Congratulations! You make us proud!

Issued on: Wednesday, February 4, 2026
To verify, scan the QR code at https://verify.onwingspan.com

Yottt 6N

Satheesha B. Nanjappa
Senior Vice President and Head
Education, Training and Assessment
Infosys Limited
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CERTIFICATE OF PARTICIPATION

THIS CERTIFICATE IS AWARDED TO

Dr. AM. RAMACHANDRAN

for actively participating in the Biomedical Instrumentation Seminar Series III 2025: 7th

International Seminar on Advanced Electron Microscopy, held on 13 September 2025.

Gty /

ASSOC. PROF. DR. LIM TUCK MENG DR. EDDY CHEAH SEONG GUAN DR.ANNALETCHUMY LOGANATHAN

Dean, Chairperson of Centre for Chairperson of Biomedical
Faculty of Science, Biomedical and Nutrition Instrumentation Seminar
UTAR. Research (CBNR), UTAR. Series III (BiSS 2025), UTAR.

Co-organizers:
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www.svcpms.ac.m
COLLEGE OF ALLIED HEALTH SCIENCES
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Government of India
Ministry of Commerce and Industry
Department for Promotion of Industry and Internal Trade
Office of the Controller General of Patents, Designs and Trade Marks

(CERTIFICATE)

This is to certify that, DR. RAMACHANDRAN , FACULTY of DR. N.G.P. ARTS AND
SCIENCE COLLEGE has successfully participated in IP Awareness/Training program under

NATIONAL INTELLECTUAL PROPERTY AWARENESS MISSION
on July 28, 2025

Organized by

Intellectual Property Office, India .
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EXTRACTION AND CHARACTERIZATION
OF POSTBIOTIC NANOGEL FOR
TARGETED WOUND HEALING FROM
MUSHROOM

Ramachandran A M'* Mahenthiran R' and Swathi S’
1 Faculty of Microbiology, Dr. N.G.P. Arts and Science College, CBE -641 048, Tamil Nadu, India.
2 PG Student of Microbiology, Dr. N.G.P. Arts and Science College, CBE -641 048, Tamil Nadu, India.

luxyram40@gmail.com

Abstract

Wound healing remains a major clinical challenge due to infection risk, slow tissue regeneration, and the
limited therapeutic function of conventional dressings. Advanced wound care increasingly focuses on bio-active
and targeted delivery systems that can actively support repair. Bio polymer- based nano materials have emerged
as promising platforms in this area. Among them, chitin and chitosan are widely investigated because of their bio
compatibility, biodegradability, antimicrobial activity, and film-forming ability. Although crustaceans are the
primary commercial source, mushrooms represent a sustainable, renewable, and non-allergenic alternative source
of these polymers. Recent research highlights the integration of mushroom-derived chitin and chitosan with post-
biotic compounds and nanogel systems to improve wound healing outcomes. These hybrid systems enable
controlled release, enhanced antimicrobial action, and anti-inflammatory effects at the wound site. This review
outlines extraction approaches, characterization methods, nanogel formulation strategies, and the therapeutic
potential of post-biotic-loaded chitosan systems for targeted wound healing applications.

Keywords: chitin, chitosan, postbiotics, nanogel, wound healing

INTRODUCTION:

The repair of wounds is an extremely complicated and very tightly controlled process at the cellular level
that involves phases like homoeostasis, inflammation, proliferation, and tissue remodeling among others that
follow each other sequentially and partially overlap. If for one reason or another any of these phases is disturbed,
the wounds that don't heal properly such as diabetic ulcers, burns, and post, surgical infections, which still
constitute a major burden of the global healthcare system, may appear. In fact, these types of wounds are not only
more likely to get infected with microorganisms but also show the signs of prolonged inflammation and delayed
tissue regeneration, therefore, it is understood that there is a gap for advanced bio materials aimed at having a

higher therapeutic efficacy (Kamoun et al., 2017; Azuma et al., 2015)

JAAFR2603431
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Chitin belongs to the nature, derived polyacrylamide class, it consists of, (14), linked N, acetyl, D, glucose
units, and it is one of the essential structural components of crustaceans, insects as well as fungi.

Chitosan is a product obtained after delineating chitin and it possesses superior photochemical and
biological characteristics than chitin such as biodegradable, biocompatible, non, toxic, and antimicrobial. Because
of these properties, various studies have been carried out relating to the application of chitosan as a wound healing
biomaterial where it stimulates fibroblast proliferation, collagen accumulation, and tissue regeneration (Kumar,
2004; Jayakumar et al., 2017).

Recent progress in nanotechnology has led to an increase in the potential uses of chitosan by developing
nanoscale systems like nanogels. Nanogels prepared with chitosan produce a three, dimensional crosslinked
network which can encapsulate drugs and release them in a controlled and sustained way. These formulations not
only stabilize the drugs but also improve their availability to the body and allow them to be delivered in a targeted
manner at the site of the wound, thus quickening the process of healing. Moreover, dressings made with nanogels
are known to retain a moist condition which is very helpful in the healing of tissues and the prevention of microbial
infections (Zhang et al., 2023; Pires et al., 2023).

Recently, postbiotics have become quite a hot topic and are now viewed as a genuine substitute for
probiotics in medicine. Postbiotics are essentially a range of bioactive components that originate from living
beneficial microbes after they have gone through metabolism, such as organic acids, antimicrobial peptides,
enzymes, and polysaccharides.

Postbiotics, unlike live probiotics, are safe from the infection point of view and have no problems with stability,
and still, they exhibit the same types of biological activities, e.g., antimicrobial, anti, inflammatory, and
immunomodulatory properties

Mushrooms are a green and environmentally, friendly source of chitin and chitosan, which are very
desirable. Fungal chitin, in comparison to that traditionally obtained from crustaceans, has a number of merits such
as lower allergenicity, simpler extraction process, and higher environmental sustainability. The discovery of chitin
as one of the components in fungal cell walls, where it is usually found in complex with glucans, offers novel
structural and functional features that could be exploited in biomedical applications (Jones et al., 2020; Kim,
2011). Hence, combining mushroom, sourced chitosan with nanogels loaded with postbiotics can be seen as a
fresh, highly efficient method for targeted wound healing. Such a multifunctional system integrates pathogen,
fighting properties, the release of medicine in a controlled manner, and facilitation of tissue regrowth, thus it is an
attractive method to surpass the problems of traditional wound healing therapies (Azuma et al., 2015; Zhang et
al., 2023; Aguilar, Toal et al., 2018).

2. SOURCES OF CHITIN FROM MUSHROOM:

In fact, mushrooms have been identified as one of the major and sustainable sources of chitin, mainly due
to their availability, low cost, and environmental benefits over crustacean sources. The cell walls of fungi are made
up of chitin, glucan complexes that not only give structural strength but also determine the physicochemical
characteristics of the extracted chitin. It is a well, known fact that species like Agaricus bisporus and Pleurotus
ostreatus are the most popular ones due to their high chitin content and easy growing methods (Jones et al., 2020;
Kim, 2011).

Compared to crustacean, derived chitin, fungal chitin contains fewer minerals and is less allergenic, which

are factors that increase its applicability in the biomedical field. Fungal sources also get rid of the problem of
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seasonality and through the cutting down of environmental waste from seafood processing, they are at the same
time enabling sustainable biomaterial production (Aranaz et al., 2021).
3. EXTRACTION OF CHITIN FROM MUSHROOM:

Chitin extraction from mushrooms is a multi, stage process wherein each step removes proteins, minerals,
and pigments. Firstly, the mushroom biomass for extraction is washed thoroughly, dried, and subsequently, it is
ground to a fine powder to allow for better penetration of the chemicals during the treatment steps. Following this,
the deproteinization step is undertaken by treatment with alkaline solutions such as sodium hydroxide, which is
very effective in removing proteins and other organic residues from the material (Roberts, 1998). Then, the
demineralization step is carried out with dilute hydrochloric acid to dissolve the inorganic salts. As fungi contain
very few minerals, the treatment can be very mild. At the discoloration step, pigments are removed by treatment
with organic solvents such as ethanol or acetone to yield purified chitin. Lastly, the material is washed thoroughly,
and dried to yield chitin that can be further processed (Kumar, 2004).

4. CONVERSATION OF CHITIN TO CHITOSAN:

Chitosan is a derivative of chitin. It is obtained by a deacetylation process, which includes the removal of
acetyl groups. This is achieved by treating chitin with concentrated sodium hydroxide at high temperatures. In this
way, N, acetyl, D, glucosamine units are chemically changed into D, glucosamine units, the polymer thus having
higher solubility and reactivity. The extent of deacetylation is the key factor that largely influences the
physicochemical and biological properties of chitosan (Muzzarelli, 2009). When the degree of deacetylation goes
up, the antimicrobial property as well as the solubility of chitosan improves. In this way, the biopolymer becomes
more suitable for biomedical applications.Chitosan's polycationic character gives it the ability to bind to microbial
cells that are negatively charged and, thus, can break down the cells' membranes (Tamara et al., 2018).

5. PREPARATION OF POSTBIOTICS:

Postbiotics are a diverse group of bioactive compounds that are formed as a result of microbial
fermentation, a process that mainly involves metabolites such as organic acids, peptides, enzymes, and
polysaccharides. These products are derived from beneficial bacterial strains like Lactobacillus and Bacillus
species that have been grown, then the microbial cells are removed by centrifuging and filtering (Salminen et al.,
2021). Compared to probiotics, postbiotics do not have live microorganisms; thus, postbiotics cannot cause
infections or become unstable. They have anti, microbial, anti, inflammatory, and immune, modulatory properties
which make them very flexible for use in wound healing formulations (Aguilar, Toal et al., 2018)

6. SYNTHESIS OF CHITOSAN NANOGELS:

Chitosan nanogels are generally made via the ionic gelation technique. The principle of this technique is
that the positively charged chitosan interacts with the negatively charged crosslinker, e.g., sodium
tripolyphosphate. The product of this reaction is finely, dispersed nanoscale gel particles with outstanding stability
and biocompatibility (Calvo et al., 1997). Encased inside these nanogels, bioactive compounds are well, protected
and their release at the wound site can be regulated. Besides, the minute size of these nanogels facilitates the drug
to go through the tissues and therefore, the therapeutic effects are greatly enhanced as compared to the conventional
drug delivery systems (Pires et al., 2023).

7. INCORPORATION OF POSTBIOTIC INTO NANOGELS:

One can incorporate postbiotics into chitosan nanogels by mixing the bioactive extract with the chitosan

solution before crosslinking. Hence, the postbiotic compounds can be entrapped inside the nanogel network, which

will result in more effective stability and gradual release. The process of incorporation should be done in proper
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conditions to keep the biologically active properties of postbiotics intact (Zhang et al., 2023). The postbiotic
loaded nanogels obtained combine antimicrobial properties of chitosan with the bioactive properties of postbiotics,
thus rendering a better wound healing effect.

8. CHARACTERIZATION OF CHITIN AND CHITOSAN:

Characterization of chitin and chitosan is crucial in understanding their structural and functional properties.
The essential and one of the most widely used methods for identifying the functional groups of chitosan and chitin,
thus illustrating the deacetylation process, is Fourier Transform Infrared (FTIR) spectroscopy. Moreover, X, ray
diffraction (XRD) technique is employed to evaluate the degree of crystallinity, whereas the surface morphology
is analyzed by scanning electron microscopy (SEM) (Kumar, 2004). The degree of deacetylation, i.e., the amount
of acetyl groups in chitin that have been replaced by amine groups, is mainly figured out through various
spectroscopic methods. Besides solubility of the material, mechanical strength, and biological activity can also be
influenced by this factor among others. Hence, an accurate characterization is indispensable if one wants to use
chitosan for biomedical applications.

9. CHARACTERIZATION OF NANOGELS:

Nanogels are physically and chemically characterized based on attributes like particle size, zeta potential,
swelling behaviour, and drug release profile. Particle size measurement is most often done using dynamic light
scattering (DLS), while zeta potential also reflects the stability of the nanoparticle suspension.

Swelling experiments help understand the extent of water uptake which is an important factor in wound
healing since it helps to provide a moist wound environment (Akhter et al., 2023 ).

Drug release profiles of nanogels can indicate a controlled release of drugs from the nanogels which is
very beneficial for long term therapeutic effects. Collectively, these attributes govern the potency of nanogels as
therapeutic agents in wound healing.

10. MECHANISM OF WOUND HEALING:

Mechanically, chitosan, based nanogels aid in wound healing through various mechanisms such as
providing the antimicrobial property, anti, inflammation effects, as well as the stimulation of cell proliferation.
Because chitosan is polycationic, it can interact with microbial cells by lysing their membranes; thus, it can prevent
infection (Rajinikanth et al., 2024). Moreover, chitosan plays a major role in tissue regeneration by enhancing
collagen deposition and angiogenesis. In addition, the use of postbiotics allows for more healing advantages such
as the reduction of inflammation and the stimulation of the immune system, thereby facilitating fast wound healing
(Akhter et al., 2023).

11. APPLICATION IN TARGETED WOUND HEALING:

One of the major postbiotic, loaded chitosan nanogels applications has been their use in treating chronic
wounds, such as diabetic ulcers, burn injuries, and surgical wounds. These nanogels can deliver drugs precisely to
the target, keep the wound moist, and continuously give out the medicine to the wound, thereby outclassing the
traditional wound dressings (Liu et al., 2021). Besides that, these dressings help to change the dressings less often
and make the patient more comfortable, which is why they are very good for practical use in clinics.

12. ADVANTAGES AND LIMITATIONS:

Besides their biocompatibility, biodegradability, antimicrobial and environmentally friendly nature,
chitosan based nanogels also have these advantages. However, the main disadvantages of chitosan remain
complicated extraction methods, variability of raw materials, and problems of large scale production (Aranaz et

al., 2021).
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13. Conclusion Producing

Mushroom, derived chitin and chitosan: Extract, characterize, and manufacture powder is not only
environmentally friendly and sustainable but also a very efficient approach to get high performance biomaterials.

Combining postbiotics with chitosan nanogels elevates their therapeutic effects thus resulting in a
multifunctional platform for efficient targeted wound healing. Further research should be directed at improving the
extraction method, increasing production capacity, and clinically validating the healing efficiency.
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Abstract- Polylactic acid (PLA) is one of the most
commercially used biodegradable polymers produced from
renewable biomass sources. Even though PLA can be
composted under controlled industrial conditions. Still, it
persists in marine and natural environments, continues to
cause environmental concern. This review examines the
microbial and enzymatic pathways responsible for the
degradation of PLA and related polyester, focusing on the
structural biology of polyester hydrolases, thermophilic
depolymerases, marine microbial ecology, degradation
kinetics, and strategies in recombinant enzyme development.
Advanced analytical techniques, metagenomic screening
platforms, and protein engineering approaches are examined
to bridge laboratory insights with real-world biodegradation
outcomes. The review synthesizes findings from over fifteen
peer-reviewed sources and identifies future directions for
sustainable polymer management.

Keywords: Polylactic acid, polyester hydrolase, marine
biodegradation, thermophilic  depolymerase,
engineering, microbial biotechnology.
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1. Introduction

Current figures place with annual plastic production now
reaching 390 million metric tons, the world faces a mounting
crisis of over 6.3-billion-ton mark |[Geyer et al.,2017|.
Biodegradable polymers like PLA have been developed as
sustainable alternatives due to their renewable sources and
compostability nature [Auras et al., 2010]. Even though, it 1s
biodegradable in nature, degradation efficiency 1s highly
environment-dependent and it varies substantially in response
to shifting While
composting uses high temperature to trigger rapid hydrolysis,
thus resulting in slow degradation due to the cold and a
scarcity of useful microbes. [Tokiwa & Calabia, 2006].

environmental factors. industrial

2. Chemical Structure, and

Physicochemical Determinants

Poly Lactic Acid 1s an aliphatic thermoplastic biopolymer
produced by chemically linking lactide molecules through
polymerization. The degradation
characterization of PLA 1s influenced by many factors
including stereochemistry [L- and D- i1somers], molecular
weight distribution, and physicochemical properties like
glass temperature (~60°C),
morphology [Drumright et al., 2000|. Crystalline regions

Crystallinity,

ring-opening

transition and surface
limit enzyme accessibility, while amorphous regions are
more sensitive to degradation [Karamanlioglu et al., 2017|.
Whereas, composting conditions facilitate bulk erosion
throughout the polymer’s structure and more sensitive to the
hydrolytic degradation of PLA in seawater remains largely

confined to the surface.

3. Microbial Ecology of Polyester Degradation
Microbial degradation 1s initiated with surface colonization
and develops a stable biofilm. Bacteria and fungi secrete
enzymes that target and break ester linkages into oligomers
and monomers [Shah et al., 2008]. Common bacteria like
Bacillus, Pseudomonas, Thermus, and actinomycetes have
the natural ability to polyester-degradation |Tokiwa &
Calabia, 2009]|. In Marine environments, microbial activity
is reduced at lower metabolic rates due to temperature
limitations, this results the delay in initiation of measurable
degradation.

4. Polyester Hydrolases: Structure-Function

Relationships

Most polyester hydrolases typically belong to the a/B-
hydrolase fold family and which usually classify Ser—His—
Asp catalytic triad [Wei & Zimmermann, 2017]. Structural
studies shows that substrate-binding grooves are uniquely
tailored to the dimensions of the polymer chain. Mutagenesis
studies show that even minor alterations in active-site
residues can drastically influence catalytic turnover. By using
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directed evolution, it has further pushed these limits

successfully in enhancing thermostability and substrate
affinity |Arnold, 1998; Austin et al., 2018].

S. Thermophilic Depolymerases and Industrial

Relevance

Thermophilic enzymes work optimally at or above the glass
transition temperature of PLA, where taking merit of the
increased mobility in the polymer chains [Jarerat et al.,
2006). The high catalytic efficiency at 50-70°C range,
enzymes align perfectly for the industrial composting and
bioreactor-based recvycling strategies. Thermostability 1s
driven from increased salt bridges and hydrogen bonding
networks create a particularly resilient and compact tertiary
structures.

6. Polyhydroxyalkanoate Depolymerases as Model
Systems

PHA depolymerases serves as a mechanistic groundwork for
understanding the polyester breakdown pathways
[Jendrossek & Handrick, 2002]. These extracellular
enzymes start by surface erosion, releasing 3-
hydroxybutyrate monomers for microbial assimilation.
Comparing these two types of enzymes which highlights the
structural analysis between PHA depolymerases and PLA
hydrolases for conserved catalytic motifs.

7. Recombinant Production and Enzyme
Engineering

Recombinant expression in Escherichia coli serves as an
efficient platform for producing large quantities of enzymes
that breakdown polyester |Madison & Huisman, 1999].
Purification 1s done through affinity chromatography that
facilitates kinetic characterization. Strategic tools like
directed evolution and computational modeling specifically
improve catalytic efficiency, substrate binding, and
thermostability [Arnold, 1998]. Immobilized enzyme
systems serve as critical strategy to shield enzymes from
degradation by enhancing operational stability for industrial
deployment.

8. Enzymatic Hydrolysis Mechanism and Kinetics
Hydrolysis occurs in two stages: first, via nucleophilic attack
by the enzyme’s active-site serine acts as a ester carbonyl
carbon, forming an acyl-enzyme intermediate followed by
hydrolytic cleavage |Wei & Zimmermann, 2017|. The
enzyme's performance defined by its binding affinity (Km)
and turnover rate (Vmax) is not fixed constant according to
polymer crystallinity and molecular weight. By applying
Arrhenius-based models reveals that strong temperature
dependence of reaction rates.

9. Marine Environmental Modeling

Marine degradation is shaped by many factors like salinity,
UV radiation, microbial diversity, and hydrodynamic
conditions |[Karamanlioglu & Robson, 2013|. They
typically rely on first-order kinetic models to commonly
applied to describe mass loss over time. However, field
studies show that there 1s a persistent tension between our
experimental predictions and the outcomes actually observed
in real world marine environments.

10. Analytical and Characterization Techniques
FTIR spectroscopy i1dentifies the chemical signature of ester
bond cleavage, DSC monitors shifts in crystallinity while,
GPC tracks molecular weight reduction respectively. These
internal changes are further done by SEM imaging, which
provides a visual record of soil erosion examines surface
erosion |Shah et al., 2008]. CO: evolution remains a
benchmark for quantifying mineralization, offering a
quantitative bridge between theoretical biodegradation and
the actual carbon turnover observed in the system. High
throughput genomic and transcriptomic tools now act as a
functional mapping of the marine microbiome, uncovering
the diverse array of genes which perform to breaking down
the complex polymers.

11. Environmental and Ecotoxicological

Considerations

When degradation 1s incomplete, it can contribute to
microplastic |Song et al., 2017|. Life cycle studies remind us
that 1t’s true environmental impact depends on proper waste
management infrastructure |Auras et al, 2010]. As PLA
degrades physically, the long-term biological ‘cost’ of its
chemical byproduct in the ocean remains a critical unknown.

12. Future Research Directions

The integration of Metagenomic and meta transcriptomic
analysis can provide a high-resolution map of the marine
enzymatic landscape from uncultured marine microbes.
Synthetic biology has transformed our ability to construct or
to assemble engineered microbial consortia with the specific
metabolic machinery needed to tackle the most persistent
plastic bond. The future of material science lies in the synergy
of digital protein engineering and ecological modelling,
allowing us to test the biodegradability efficiency of new
polymers in a virtual ocean before a single molecule is even
developed.

13. Conclusion

Polylactic acid (PLA) represents a significant shift in polymer
engineering, providing a scalable pathway to reduce our
reliance on persistent, petroleum-derived synthetics. While
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frequently categorized as a straightforward solution, PLA
exhibits a nuanced degradation behavior that shifts
significantly when transitioned from controlled composting
to the erratic conditions of the open ocean. There is a stark
contrast between the optimized heat of a compost facility and
the stagnant reality of the sea. In industrial settings, heat acts
as a catalyst that 'softens' the material, but in the frigid open
ocean, that thermal spark 1s missing leaving microbial
populations to struggle against a polymer that remains
stubbornly locked in 1its glassy state. The enhanced
performance of thermophilic catalysts highlights a critical
design principle: the development of next-generation
bioplastics must couple polymer chemistry with enzyme
optimization to ensure that the material 1s physically
accessible when the biological 'attack’ begins. Bridging the
gap between the lab and the ocean 1s a task of translation. We
are taking the 'quiet logic' of the benchtop and asking it to
perform in the 'loud complexity' of the natural world. A
sustainable future requires this dual-lens perspective: where
we use the power of computational design not to ignore the
environment, but to finally, accurately, and honestly meet its
demands. Only by subjecting our innovations to the erratic
demands of the natural world can we ensure that we are truly
reducing the ecological burden on our planet’s most
vulnerable habitats.
The transition from a lab-grown theory to a reliable
environmental tool 1s our greatest collaborative challenge.

References

. Armold, F. H. (1998). Design by directed evolution.
Accounts of Chemical Research, 31(3), 125-131.
https://do1.org/10.1021/ar9600 17f

2. Auras, R., Harte, B., & Selke, S. (2010). An overview of
polylactides as packaging materials. Macromolecular
Bioscience, 4(9). 835-864.
https://doi.org/10.1002/mabi1.200400043

3. Austin, H. P, Allen, M. D_, Donohoe, B. S_, Rorrer, N. A |
Kearns, F. L., Silveira, R. L., Pollard, B. C.., Dominick, G_,
Duman, R., El Omari, K., Mykhaylyk, V., Wagner, A,
Mikes, W. E., Woodcock, H. L., Abranches, B. L., Hoyt, G.
T., Sun, J.-L., Beckham, G. T., & McGeehan, J. E. (2018).
Characterization and engineering of a plastic-degrading
aromatic polyesterase. Proceedings of the National Academy
of Sciences, 115(19), E4350-E4357.
https://do1.org/10.1073/pnas. 1 718804115

4 Drumright, R. E., Gruber, P. R., & Henton, D. E. (2000).
Polylactic acid technology. Advanced Materials, 12(23),
141-1846. https://doi.org/10.1002/1521-

4095(200012)12:23%3C1841::AlID-
ADMA1841%3E3.0.CO:2-E

5.Gever, R, Jambeck,J. R., & Law, K. L. (2017). Production,
use, and fate of all plastics ever made. Science Advances,
3(7), el 700782. https://doi.org/10.1126/sciadv. 1700782

6. Jarerat, A, Tokiwa, Y., & Tanaka, H. (2006). Poly(L-
lactide)-degrading activity in actinomycetes. Applied and
Environmental Microbiology, 72(3), 1933-1938.
https://do1.org/10.1128/AEM.72.3.1933-1938.2006

7Jendrossek, D., & Handrick, R. (2002). Microbial
degradation of polyhydroxyalkanoates. Annual Review of

Microbiology, 56, 403-432.
https://doi.org/10.1 146/annurev. micro.56. 012302 160838
Cited by: 911

8 Karamanlioglu, M., & Robson, G. D. (2013). The influence
of biotic and abiotic factors on PLA degradation. Polymer
Degradation  and  Stability,  98(9), 1821-1827.
https://doi.org/10.1016/].polvmdegradstab.2013.05.019

9 Karamanlioglu, M., Preziosi, R., & Robson, G. D. (2017).
Abiotic and biotic degradation of PLA. Polymer Degradation
and Stability, 137, 122-130.
https://doi.org/10.1016/).polyvmdegradstab.2017.01.009

10.Madison, L. L., & Huisman, G. W. (1999). Metabolic
engineering of polyhydroxyalkanoates. Microbiology and
Molecular Biology Reviews, 63(1), 21-53.
https://doi.org/10.1128/mmbr.63.1.21-53.1999

11.Shah, A. A, Hasan, F., Hameed, A., & Ahmed, S. (2008).
Biological degradation of plastics. Biotechnology Advances,
26(3), 246-265.

https://do1.org/10.1016/1. biotechadv.2007.12 005

12. Song, Y. K., Hong, S. H., Jang, M, Han, G. M_, Jung, S.
W., & Shim, W_J. (2017). Combined effects of UV exposure
duration and mechanical abrasion on microplastic

fragmentation by polymer type. Environmental Science &
Technology, 51(8), 4368-4376.
https://do1.org/10.102 1/acs.est.6b06155

13. Tokiwa, Y, & Calabia, B. P. (2006). Biodegradability and
biodegradation of poly(lactide). Applied Microbiology and
Biotechnology, 72(2), 244-251.
https://doi.org/10.1007/s00253-006-0488- 1

14. Tokiwa, Y., Calabia, B. P, Ugwu, C. U., & Aiba, S.
(2009). Biodegradability of plastics. International Journal of
Molecular Sciences. 10(9), 3722-3742.
https://doi.org/10.3390/ijms 10093722

© 2026, JOIREM |www.joirem.com| Page 3

ISSN (0) 3107-6696

(¥ scanned with OKEN Scanner



i
lﬁ‘
"

iﬂx
JOIREM
SN

TN Journal Publication of International Research for Engineering and Management (JOIREM)

Volume: 04 Issue: 03 | Mar-2026
ISSN (0) 3107-6696

15. Urbanek, A. K., Rymowicz, W., & Mironczuk, A. M.
(2018). Degradation of plastics and plastic-degrading
bacteria in cold marine habitats. Applied Microbiology and
Biotechnology, 102(18), T7669-7678.
https://doi.org/10.1007/s00253-018-9195-y

16. Wei, R, & Zimmermann, W. (2017). Microbial enzymes
for the recycling of post-consumer polyethylene terephthalate
(PET) Microbial Biotechnology, 10(6), 1308-1322
https://do1.org/10.1111/1751-7915.12761

17. Narancic, T., & O’Connor, K. E. (2019). Plastic waste as
a feedstock for biotechnology. Microbial Biotechnology,
12(1), 20-22. https://do1.org/10.1111/1751-7915.13351

18. Zumstein, M. T., Schintlmeister, A., Nelson, T. F,
Baumgartner, R., Woebken, D., Wagner, M., Kohler, H. P.
E., McNeill, K., & Sander, M. (2018). Biodegradation of a
synthetic polymer in marine sediments. Environmental
Science & Technology, 2(11), 6353-6361.

https://do1.org/10.102 1/acs.est. 8b01336.

19. Jem, K. J., & Tan, B. (2020). The development and
challenges of poly(lactic acid) and poly (glycolic acid).

Advanced Industrial and Engineering Polymer Research,
3(2), 60-70. https://doi.org/10.1016/j.a1epr.2020.01.002

20. Urbanek, A. K., Rymowicz, W., & Mironczuk, A. M.
(2020). Degradation of poly (lactic acid): A review of the
relevant plant and microbial enzymes, industrial additives

and crystallization agents. Polymers, 12(9), 2015
https://do1.org/10.3390/polym 12092015

21. Q1 X, Ren, Y., & Wang, X (2017). New advances in the
biodegradation of Poly (lactic acid). Green Chemistry,
19(21), 1521-1535. https://doi.org/10.1039/C7GCO0014F

22. Tokiwa, Y., & Calabia, B. P. (2006). Biodegradability of
plastics. International Journal of Molecular Sciences, 7(9),
372-385. https://doi.org/10.3390/17090372

23. Varma, 1. K., Albertsson, A. C., Rajkhowa, R, &
Srivastava, R. K. (2005). Enzyme-catalyzed synthesis of
polyesters. Progress in Polymer Science, 30(10), 949-981.

https://do1.org/10.1016/|.progpolymsc1.2005.06.010

24 Jalani, J. C., & Arshad, Z. 1. (2022). PLA degradation and
PLA-degrading bacteria. Key Engineering Materials, 932,
103=110. https://doi.org/10.4028/p-6r7z6p

25 Xu, H,, Sang, Z_, Lan, T., Zhuang, W., Wu, J., & Guo, J.
(2022). Microbial degradation of poly(lactic acid): A review.
Journal of Hazardous  Materials, 421, 126728

https://do1.org/10.1016/] thazmat 2021. 126728

3

26. Mistry, P, Patel, M., & Desai, K. (2022). Biodegradation
of poly(lactic acid) by mixed microbial consortia: A review
of current status and future perspectives. Applied
Microbiology and Biotechnology, 106(1), 123-135.
https://do1.org/10.1007/s00253-021-11714-x

27. Pellis, A, Cantone, S., Ebert, C., & Gardossi, L. (2016).
Evolving sustainability of enzymatic synthesis of polyesters:
From basic research to strategic development. Trends in
Biotechnology, 34(4), 316-328.
https://do1.org/10.1016/).tibtech.2015.12.009

28 Kim, M. N, Lee, A R, Yoon,J. S., & Chin, I. J. (2007).
Biodegradation of poly (lactic acid) by a newly isolated-
mixed culture. Polymer Degradation and Stability, 92(2),
280-284.

https://do1.org/10.1016/]. polvmdegradstab.2006.10.013

29. Herrero Acero, E., Ribitsch, D., Dellacher, A,
Zitzenbacher, S., Marold, A, Steinkellner, G, ... & Guebitz,
G. M. (2013). Surface engineering of a cutinase from
Thermobifida cellulosilytica for improved adsorption and
hydrolysis of poly(ethylene terephthalate). Biotechnology
and Bioengineering, 110(10), 2581-2590.
https://do1.org/10.1002/b1t.24930

30. Ulaiman, S., Yamato, S., Kanaya, E, Kim, J. J,
Matsumura, Y., Pelvat, T., Kanaya, S., & Morikawa, M.
(2012). Isolation of a novel cutinase-like enzyme with
polyethylene terephthalate-degrading activity from a leaf-
branch compost metagenome. Applied and Environmental
Microbiology, 78(5), 1556-1562.
https://doi.org/10.1128/AEM.06725-11

31. Ronkvist, A. M., Xie, W., Lu, W_, & Gross, R. A. (2009).
Cutinase-catalyzed hydrolysis of poly(ethylene
terephthalate).  Macromolecules, 42(14), 5128-5138.
https://doi.org/10.1021/ma9005318

32. Vertommen, M. A. M. E_, Nierstrasz, V. A_, van der Veer,
M., & Warmoeskerken, M. M. C. G. (2005). Enzymatic
surface modification of poly(ethylene terephthalate). Journal
of Biotechnology, 120(4), 376-386.
https://doi.org/10.1016/j.1biotec.2005.06.015 s.

33. Miiller, R. J. (2006). Biological degradation of synthetic
polyesters—Enzymes as catalysts of nature.
Biomacromolecules, 7(6), 1665-1673.
https://doi.org/10.1021/bm050957s.

34 Napper, I. E., & Thompson, R. C. (2019). Environmental
deterioration  of  biodegradable,  oxo-biodegradable,
compostable, and conventional plastic carrier bags in the sea,

© 2026, JOIREM |www.joirem.com| Page 4

ISSN (0) 3107-6696

(¥ scanned with OKEN Scanner



(¥ scanned with OKEN Scanner



	RAM PROFILE APRIL 2026 UPDATION2.pdf (p.1-11)

