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About Us

Biosc Biotech Res Comm is an official publication of an academic, non-profit Society for Science and Nature, Bhopal India, since 2008. It is a 
peer reviewed journal that publishes original research articles pertaining to exciting applied areas of  biology including biomedical sciences. The 
aim of Biosc Biotech Res Comm is to promote quality scientific research in fundamental and applied areas of biological and biomedical sciences 
and their allied branches.

It publishes scholarly articles demonstrating academic quality and  scientific rigor for disseminating current scientific  information on research 
and development for human welfare. Biosc Biotech Res Comm audiences its large number of readers from diverse regions of Asia, Africa, Europe 
and other developing nations across the world. It is an open access means of scientific communication, that provides contribution to the existing 
knowledge as well as envisages scientific temper specially in the young minds, pursuing science as a career.

Articles aimed for publication in Biosc Biotech Res Comm must have new experimental methods of biotechnological significance, novel 
laboratory obtained results, interesting interpretation of data pertaining to providing practical solutions to human-welfare problems of substantial 
scientific significance. The publishers of Biosc Biotech Res Comm believe in best of publication standards, hence a single journal is being 
published by them since 2008, to focus on its high academic standards, selecting quality papers for a timely schedule of publication. Biosc 
Biotech Res Comm  strives hard to maintain  high quality and follows best  practices of publication, particularly in  prioritizing originality and 
quality, hence it  has a  tough rate of article selection. Less than 50 percent of submitted manuscripts are accepted, and reluctantly, a large number 
of articles are returned by us.

Articles are selected for possible publication, keeping in view the novelty of  the work, originality (plagiarism / similarity levels are checked), 
word count, explicit English language using quality writing, lucid presentation and interpretation of data, along with conclusive data based 
statements showing contribution to the existing knowledge. Before final acceptance each article undergoes several rounds of unbiased 
anonymized revisions, strictly complying the reviewers comments and their satisfaction. 

Biosc Biotech Res Comm categorizes articles into exciting analytical systematic data based reviews, novel case reports, original research articles, 
rapid communications and letters to the editor, including lively correspondence and perspectives. Each type of article has a special format and 
should strictly comply with the up-dated  instructions for authors, which are published in all issues of Biosc Biotech Res Comm  as well as are on 
the official website of the journal.

Aims and Scope

Biosc Biotech Res Comm is an open access means of scientific communication that provides contribution to the existing knowledge as well as 
envisages scientific temper in the young minds, pursuing science as a career. It publishes scholarly articles following scientific rigor for disseminating 
current information on research and development in applied biology and biomedical sciences. Articles may include new experimental methods of 
bio-medical significance, new laboratory obtained results, novel interpretation of existing data pertaining to providing practical solutions to human 
welfare problems of substantial scientific significance.

Biosc Biotech Res Comm has a special task of helping researchers from developing countries to present their cherished fruits of research grown on 
toiled and tilled trees of hard work. Such scholars are encouraged with significant waivers in publication charges. All articles under submission to 
Biosc Biotech Res Comm should aim for the development of technological concepts, rather than merely recording the facts, showing evidence of 
scholarly publication.

Articles  submitted to  Biosc Biotech Res Comm   are evaluated according to their intellectual merit, without regard to the race, gender, sexual 
orientation, religious beliefs, ethnic origin, citizenship, political philosophy, or institutional affiliation of the author (s).Editorial decisions on 
manuscripts submitted to our journal are based on independent, anonymized peer review reports. The journal is committed  to an editorial process 
that is not compromised by financial or political influence, thereby  actively seeking and encouraging  submissions from underrepresented segments 
of the global scholarly communication ecosystem.

Incomplete studies and manuscripts not in strict compliance with the journals policies will be strongly discouraged and rejected. Each type of article 
has a special format and should comply with the updated Biosc Biotech Res Comm Instructions for authors / submission check List, published in 
its issues. All articles in Biosc Biotech Res Comm are published under a Creative Commons License, International Attribution 4.0 BY-CC, meaning 
thereby a free unlimited use of the articles for academic purposes without any embargo. We are particular in demonstrating conformance with 
established industry guidelines and best practices promoted by professional scholarly publishing organizations such as: Committee on Publication 
Ethics (COPE) and Principles of Transparency and Best Practice in Scholarly Publishing.
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Biosc Biotech Res Comm strives hard to promote quality scientific research in fundamental and applied areas of biotechnology, bioscience and 
biomedical sciences via interactive communication among biologists, biotechnologists, health science personnel and biomedical experts from 
Asia and other regions of the world. It audiences its large number of authors from diverse regions such as  Europe, Asia, South East Asia, Russian 
Federation, the Asia Pacific  including several developing nations, because of its  quality and timely schedule of publication. The journal is read by 
a large community of scholars, scientists and students from many continents

Journal Polices of Bioscience Biotechnology Research Communications
(Author Ethical Statement / Copyright forms / Plagiarism Check Report)

Authors
Authors are specifically those who have made:
Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of data for the work; and / or drafting 
the work or revising it critically for important intellectual content; and / or  final approval of the version to be published.
The corresponding author’s specific responsibilities include:

Manuscript correction and proof reading. Handling the revisions and re-submission of revised manuscripts up to the acceptance of the manuscripts. •	
Agreeing to and signing the Author Publishing Copyright / Ethical Statement/ Plagiarism Level Check Certificate Forms on behalf of relevant 
co-authors.
Arranging for payment of an APC (article processing charge) where one is required. The affiliation of the corresponding author is used to •	
determine eligibility for discounted or waived APCs under our journals Waiver Policies.
Acting on behalf of all co-authors in responding to queries from all sources postpublication, including questions relating to publishing ethics, •	
reuse of content, or the availability of data, materials, resources etc.
Acknowledgments section in their publication with permission, for example to recognize the contributions of anyone who provided research •	
or writing assistance.
We integrate with established and emerging industry standards to increase transparency in authorship (for example, ORCID).•	

Author Affiliations: Any article affiliations should represent the institution(s) at which the research presented was conducted and/or supported and/
or approved. For non-research content, any affiliations should represent the institution(s) with which each author is currently affiliated.

Acknowledgements of funds / grants etc received for the submitted work must be mentioned before the section of references: This work was 
supported by ———- Name of Agency, department  / Grant number ——–  Year to ——- ( Name of Author (s)).

Where no specific funding has been provided for the research, we ask that corresponding authors use the following sentence: The author(s) received 
no financial support for the research, authorship, and / or publication of this article.

Plagiarism
Plagiarism is defined as using some ones else’s ideas, words, data, or other material produced by them without acknowledgement. It is the unauthorized 
use or close imitation of the language and thoughts of another author and representing them as one’s own original work and Biosc Biotech Res 
Comm condemns all forms of plagiarism, following a very strict and vigilant policy of removing this malady. Within the academia, it is considered 
dishonesty or fraud and offenders are subject to academic censure.

Plagiarism can be unintentional or intentional, reproducing academic material without appropriate credit to the original authors (Citations / References). 
Similarly self -plagiarism is the re-use of significant, identical or near identical portions of one’s own work without citing the original work. This 
is also known as recycling fraud. Worst form of plagiarism is to steal the whole article from some journal and publish it under one’s own name in 
another journal.

Plagiarism, fabrication, unethical or redundant publication grossly violates the editorial policies of Biosc Biotech Res Comm. which follows best 
practice guidelines given by the International Committee of Medical Journal Editors (ICMJE) and Committee on Publication Ethics (COPE), as 
mentioned in the  Instructions for Authors Biosc Biotech Res Comm.

All authors submitting their MS to Biosc Biotech Res Comm must complete and sign the ethical statement form  and append the Plagiarism 
Check Certificate of their MS along with copy-right form (www.bbrc.in) failing which,  their MS will not be processed further.

The Editorial Committee of Biosc Biotech Res Comm will blacklist any author found to be guilty of plagiarism or exceeding the standard limits of 
similarity levels of text matter in their MS. The name of author(s) committing plagiarism or using similar text without appropriate citations will also 
be disseminated to concerned authorities.

We do not tolerate plagiarism in any of our publications, and we reserve the right to check all submissions through appropriate plagiarism checking 
tools. Submissions containing suspected plagiarism, in whole or part, will be rejected. If plagiarism is discovered post publication, we will follow 
our guidance outlined in the Retractions, Corrections and Expressions of Concern section of these guidelines. We expect our readers, reviewers and 
editors to raise any suspicions of plagiarism, either by contacting the relevant editor or by emailing at editor@bbrc.in.

https://bbrc.in/journal-policies/
https://bbrc.in/plagiarism-policy/
https://bbrc.in/plagiarism-policy/
https://www.icmje.org/
https://publicationethics.org/
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Complaint Policy of Biosc.Biotech.Res.Comm
Genuine complaints in Publication: Complaint or expressionof dissatisfaction made in honest intention of improvisation are always welcome, as 
they provide an opportunity and instant moment of attaining quality. The editorial team of Bioscience Biotechnology Research Communications shall 
strive hard to establish, along with the publisher, a transparent mechanism for appeal against editorial decisions or any related matter of publication. 
If still there are any genuine complaints related to ethical publishing, we are always open to them for the sake of maintaining quality and ethics of 
publication.

Please write your complaint with Journal title, Vol No/ Issue No /Year /Page numbers, full title of the MS and necessary author details along with 
type of complaint. The complaint must be about something that is within the jurisdiction of Bioscience Biotechnology Research Communications, 
its contents or process such as authorship, plagiarism, copy right violation, multiple, duplicate, or concurrent publications/simultaneous submissions 
etc.Similarly, undisclosed conflicts of interest, reviewer bias or competitive harmful acts by reviewers or any bias of apparent discontentment, backed 
by logic and judicial discretion will be immediately looked into without any bias and discrimination.

If the Editor receives a complaint that any contribution to the Journal breaks intellectual property rights or contains material inaccuracies or otherwise 
unlawful materials, a detailed investigation may be requested into, with the parties involved, substantiating their materialistic claims in writing, 
following the law of natural justice. We assure that we will make a good faith determination to remove the allegedly wrongful material or take actions 
as per law. All the investigations and decisions are to be documented to the Journal.

Our aim is to ensure that Bioscience Biotechnology Research Communications follows best practices in publication and is of the highest quality, 
free from errors. However, we accept that occasionally mistakes might happen, which are inadvertently made or beyond human control, giving 
opportunity to all parties to decide the best to rectify.

Editorial Complaints Policy: The Managing Editor and staff of Bioscience Biotechnology Research Communications will make every efforts to 
put matters right as soon as possible in the most appropriate way, offering right of reply where necessary. As far as possible, we will investigate 
complaints in a blame-free manner, looking to see how systems can be improved to prevent mistakes occurring.

How to Make a Complaint: Complaints about editorial content should be made as soon as possible after publication, preferably in writing by email 
to editor@bbrc.in or by on-line submission at www.bbrc.in

Peer Review Policy

Unbiased, independent, critical assessment is an intrinsic part of all scholarly work, including the scientific process. Peer review is the critical 
assessment of manuscripts submitted to journals by experts who are not part of the editorial staff, and is, therefore, an important extension of the 
scientific process. Each article submitted to Biosc. Biotech. Res. Comm for publication is reviewed by at least two specialist reviewers of the concerned 
area. The dual review process is strictly followed and in certain controversial cases, the opinion of a 3rd reviewer can also be sought.

Manuscript Processing

Upon on-line submission of the manuscript, the author will be acknowledged with a MS number, via e-mail. Initially an article will be reviewed by 
the Editorial team to judge the academic quality, scientific rigor  and format of the manuscript,  in particular its relevance to the scope of the journal, 
compliance with instructions to authors check list and levels of similarity / accidental plagiarism.

Article submissions must consist of  academic material that is unique and original, meaning that articles must engage cited material through critical 
thought. Articles must follow conventions of the English language in regard to proper grammar, punctuation, and typical writing practices. All 
factual statements must be supported by cited sources or research evidence. Authors must ensure the accuracy of citations, quotations, diagrams, 
tables, and maps.

Articles written in poor English language with confusing or illogical statements, or not conforming to instructions to authors of Biosc.Biotech.Res.
Comm will either be rejected or returned to the authors for reformatting. Manuscripts deemed proper only will be forwarded to at least two subject 
experts to work as anonymized reviewers in a time bound frame of 4 to 5 weeks,  to provide their unbiased input on the overall quality of the reviewed 
manuscript as per standard international norms.

Acceptable manuscripts will be checked for data analysis and verification of references before the author is notified about the status of the paper 
with any suggestions for modifications strictly as reviewers comments and revisions asked. Editors will check at every step for full compliance and 
revision of all such articles in press. Finally accepted articles will then be forwarded for typesetting and formatting, and the galley proof will be sent 
to the authors for proof reading, before final publication in a time bound period. For detailed process of manuscript, please see the flow chart of  MS 
processing in Biosc.Biotech.Res.Comm.

https://bbrc.in/complaint-policy/
https://bbrc.in/peer-review-policy/
https://bbrc.in/peer-review-policy/


Guidelines for Reviewers
An unpublished manuscript is a privileged document. Please protect it from any form of exploitation. Don’t cite a manuscript or refer to the work 
it describes before it has been published and don’t use the information that it contains for the advancement of your own research or in discussions 
with colleagues. Adopt a positive, impartial attitude toward the manuscript under review, with the aim of promoting effective and constructive 
scientific communication.

If you believe that you cannot judge a given article impartially, please return it immediately to the editor. Reviews must be completed within 4 to 5  
weeks. If you know that you cannot finish the review within that time, immediately return the manuscript to the editor.
In your review, consider the following aspects of the manuscript: –Adherence to style of the MS as set forth in Instructions to Authors of Biosc 
Biotech Res Comm.

Adequacy of title, abstract and its contents. Explicit language and clear expression of findings in the manuscript.•	
Significance of objectives, questions or subjects studied, with a clear justification or rationale.•	
Originality of work: It should be checked through standard plagiarism software only.•	
Appropriateness of approach or methodology and adequacy of experimental techniques with citations, so that the work can be easily •	
replicated.
Appropriateness of clear images, figures and or tables and length of article, word count etc..•	
Experimental data its lucid presentation and critical interpretation.•	
Soundness of conclusion based on data, and interpretation and relevance of discussion of the manuscript.•	
Appropriate literature citations as per Harvard Style of References with updated references.•	
All sources must be cited in the reference list and in the main text. References with non-English titles must include a translation. All in-text •	
citations must be cited in the reference list and all sources in the reference list must be cited within the article. Sources accessed online must 
include a DOI or URL.

 
If you wish to mark the text of the manuscript, use a pencil or make a photocopy, mark it, and return it together with the original. You can be 
particularly helpful in pointing out unnecessary illustrations and data that are presented in both tabular (and graphic) form and in detail in the text. 
Such redundancies are a waste of space and readers time.

A significant number of authors have not learnt how to organize data and will be benefit from your guidance. Do not discuss the paper with its authors. 
In your comments intended for transmission to the author, do not make any specific statement about the acceptability of a paper. Suggested revision 
should be stated as such and not expressed as conditions of acceptance. Present criticism dispassionately and avoid offensive remarks.

Organize your review so that an introductory paragraph summarizes the major findings of the article, gives your overall impression of the paper and 
highlights the major shortcomings. This paragraph should be followed by specific numbered comments which if appropriate may be subdivided into 
major and minor points. Confidential remarks directed to the editor should be typed (or handwritten) on a separate sheet, not on the review form. 
You might want to distinguish between revisions considered essential and those judged merely desirable.

Your criticisms, arguments and suggestions concerning the paper will be most useful to the editor and to the author if they are carefully documented. 
Do not make dogmatic, dismissive statements, particularly about the novelty of work. Substantiate your statements.

Reviewer’s recommendations are gratefully received by the editor. However, since editorial decisions are usually based on evaluations derived from 
several sources, reviewers should not expect the editor to honor every recommendation.

Conflict of Interest
Conflict of interest exists when as author (or the author’s institution), reviewer, or editor has financial or personal relationships that inappropriately 
influence (bias) his or her actions (such relationship are also known as dual commitments, competing interests, or competing loyalties). However, 
conflicts can also occur for other reasons, such as personal relationships, academic competition, and intellectual passion. Increasingly, individual 
studies receive funding from commercial firms, private foundations, and the government. The conditions of this funding have the potential to bias 
and otherwise discredit the research.

When authors submit a manuscript, they are required to disclose all financial and personal relationships that might bias their work. To prevent 
ambiguity, authors must state explicitly whether potential conflicts do or do not exist. It is the discretion of editorial committee of  Biosc BiotechRes.
Comm to resolve any conflict of interest between the author(s) and reviewers. Editors may choose not to consider an article for publication if they 
feel that the research is biased by the sponsors funding the research project.

Duplicate and Redundant Publication
Duplicate or redundant publication, or self-plagiarism, occurs when a work, or substantial parts of a work, is published more than once by the author 
(s) of the work without appropriate cross-referencing or justification for the overlap.

https://bbrc.in/peer-review-policy/


We expect our readers, reviewers and editors to raise any suspicions of duplicate or redundant publication, either by contacting the relevant editor 
or by emailing at editor@bbrc.in.  When authors submit manuscripts to our journals, these manuscripts should not be under consideration, accepted 
for publication or in press within a different journal, book or similar entity, unless a journal is explicit that it does not have an exclusive submission 
policy.

Retractions
Editors will consider retractions, corrections or expressions of concern in line with COPE’s Retraction Guidelines. If an author is found to have 
made an error, the journal will issue a corrigendum. If the journal is found to have made an error, they will issue an erratum. Retractions are usually 
reserved for articles that are so seriously flawed that their findings or conclusions should not be relied upon, or that contain substantial plagiarism 
or life-endangering content. Journals that publish Accepted Manuscripts may make minor changes such as those which would likely occur during 
copyediting, typesetting or proofreading, but any substantive corrections will be carried out in line with COPE’s Retraction Guidelines.

Ethical Issues
1. Animal  and Human Studies

Ethical declarations in research form an integral part during the submission process of a manuscript to a journal.  Bioscience Biotechnology 
Research Communications requires that the experimental conditions under which  animal  and human assays and tests are performed are as per 
standard protocols used worldwide. Authors must make it clear in writing that the procedures they used were as humane as possible and have been 
compiled with the guidelines for animal care of their institutions or with national / international guidelines. Studies on animals must comply with 
the prevailing standards of animal welfare according to Indian Council of Medical Research Guidelines or Central Committee of Animal Ethics in 
India and likewise following similar conditions elsewhere, (Ethical Approval  Committees/ Institutional Review Board with Approval Number is 
necessary). For  details   of animal studies please see : ARRIVE and Guide for the Care and Use of Laboratory Animals

Studies involving human subjects / patients / and also if   the manuscript includes case reports / case series, authors  need to provide the following: 
Name of the Ethical Committees /Institutional review Board, they have obtained consent from along with approval  number /ID. Authors should 
specifically mention that the study was in accordance with the Helsinki Declaration of 1975 ( Human research: Helsinki Declaration as revised in 
2013).

Human Studies: Ethical Standards and Informed Consent

++For studies involving human subjects and volunteers, please indicate in the manuscript, in a section preceding the References, the following 
statement or an analogous statement that applies to your situation: “All procedures followed were in accordance with the ethical standards of the 
responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975 Human research: Helsinki 
Declaration as revised in 2013.

Informed consent should be obtained from all patients for being included in the study.” If any identifying information about participants is included 
in the article, the following sentence should also be included: “Additional informed consent was obtained from all individuals for whom identifying 
information is included in this article.” If you have not included or cannot include this statement in your manuscript, please provide the reason or 
an alternative statement here and in the manuscript.

2. Disclosure of Interest
Authors must provide details of any financial or personal relationships that might bias the work being submitted.
 
In a section of text preceding the References, please provide relevant information for each author(s) with regard to any conflicts of interest. All 
submissions must include disclosure of all relationships that could be viewed as presenting a potential conflict of interest.

3. Acknowledgement of sources: 
Proper acknowledgment of the work of others must always be given. Funding acknowledgement must be properly made with grant details, number 
etc.

Data access and retention: Authors may be asked to provide the raw data in connection with a paper for editorial review, and should be prepared 
to provide public access to such data.

Open Access Policy Statement
Bioscience Biotechnology Research Communications  is an open access journal which means that all content is freely available without charge 
to the user or his/her institution. Users are allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use 
them for any other lawful purpose, without asking prior permission from the publisher or the author for any used content, however  all   freely used 
content  must be properly cited with details. This is in accordance with the BOAI definition of open access. The full text of all content of Bioscience 
Biotechnology Research Communications is available for free and has open access without delay with no embargo period.

https://publicationethics.org/retraction-guidelines
https://bbrc.in/open-access-policy/


All research articles published in our journal are fully open access: immediately freely available to read, download and share. Articles are published 
under the terms of a Creative Commons license which permits use, distribution and reproduction in any medium, provided the original work is 
properly cited. The author(s) and copyright holder(s) grant(s) to all users a free, irrevocable, worldwide, perpetual right of access to, and a license to 
copy, use, distribute, transmit and display the work publicly and to make and distribute derivative works, in any digital medium for any responsible 
purpose, subject to proper attribution of authorship, as well as the right to make small numbers of printed copies for their personal use.

A complete version of the work and all supplemental materials, including a copy of the permission as stated above, in a suitable standard electronic 
format is deposited immediately upon initial publication in at least one online repository that is supported by an academic institution, scholarly 
society, government agency, or other well-established organization that seeks to enable open access, unrestricted distribution, interoperability, and 
long-term archiving.

Open access is a property of individual works, not necessarily journals or publishers. Community standards, rather than copyright law, will continue 
to provide the mechanism for enforcement of proper attribution and responsible use of the published work, as they do now.

Retractions/ Corrections / Withdrawal
Submission of an article to Biosc. Biotech. Res.Comm implies that the work has NOT been published or submitted elsewhere, therefore, the journal 
is strongly against unethical withdrawal of an article from the publication process after submission. Once the article is submitted, it is the absolute 
right of the editorial board to decide on article withdrawals. For genuine withdrawal, the corresponding author should submit a request which must 
be signed by all co-authors explaining the explicit reasons of withdrawing the manuscript.

Accepted articles in final stages of publication if are withdrawn, will entail withdrawal fees. The request will be processed by the editorial board 
and only serious genuine reasons will be considered if possible. The decision of the editorial board will be final and not negotiable. Unethical 
withdrawal or no response from the authors to editorial board communication will be subjected to sanction a ban to all authors, and their institute 
will also be notified.

It is a general principle of scholarly communications, that the editor of a journal is solely and independently responsible for deciding which articles 
submitted to the journal shall be published. In making this decision the editor is guided by policies of the journal’s editorial board and constrained 
by such legal requirements in force regarding libel, copyright infringement and plagiarism.An outcome of this principle is the importance of the 
scholarly archive as a permanent, historic record of the transactions of scholarship.

Articles that have been published shall remain extant, exact and unaltered as far as is possible. However, very occasionally circumstances may arise 
where an article is published that must later be retracted or even removed. Such actions must not be undertaken lightly and can only occur under 
exceptional circumstances. In all cases, official archives of our journal will retain all article versions, including retracted or otherwise removed 
articles.

This policy has been designed to address these concerns and to take into account current best practice in the scholarly and library communities. As 
standards evolve and change, we will revisit this issue and welcome the input of scholarly and library communities. See also the National Library 
of Medicine’s policy on retractions and the recommendations of the International Committee of Medical Journal Editors (ICMJE) concerning 
corrections and retractions.

Article withdrawal
Only used for Articles in Press which represent early versions of articles and sometimes contain errors, or may have been accidentally submitted 
twice. Occasionally, but less frequently, the articles may represent infringements of professional ethical codes, such as multiple submission, bogus 
claims of authorship, plagiarism, fraudulent use of data or the like. Articles in Press (articles that have been accepted for publication but which 
have not been formally published and will not yet have the complete volume/issue/page information) that include errors, or are discovered to be 
accidental duplicates of other published article(s), or are determined to violate our journal publishing ethics guidelines in the view of the editors 
(such as multiple submission, bogus claims of authorship, plagiarism, fraudulent use of data or the like), may be withdrawn. 

Withdrawn means that the article content (HTML and PDF) is removed and replaced with a HTML page and PDF simply stating that the article has 
been withdrawn according to the Policies on Article in Press Withdrawal with a link to the current policy document.

Article Retraction
Infringements of professional ethical codes, such as multiple submission, bogus claims of authorship, plagiarism, fraudulent use of data or the like. 
Occasionally a retraction will be used to correct errors in submission or publication.The retraction of an article by its authors or the editor under the 
advice of members of the scholarly community has long been an occasional feature of the learned world.Standards for dealing with retractions have 
been developed by a number of library and scholarly bodies, and this best practice is adopted for article retraction by us. A retraction note titled 
“Retraction: [article title]” signed by the authors and/or the editor is published in the paginated part of a subsequent issue of the journal and listed 
in the contents list.In the electronic version, a link is made to the original article.The online article is preceded by a screen containing the retraction 

https://bbrc.in/retractions-corrections-withdrawal/
https://bbrc.in/retractions-corrections-withdrawal/


or where the article, if acted upon, might pose a serious health risk. In these circumstances, while the metadata (Title and Authors) will be retained, 
the text will be replaced with a screen indicating the article has been removed for legal reasons.

Article Replacement
In cases where the article, if acted upon, might pose a serious health risk, the authors of the original article may wish to retract the flawed original 
and replace it with a corrected version. In these circumstances the procedures for retraction will be followed with the difference that the database 
retraction notice will publish a link to the corrected re-published article and a history of the document.

Licensing and Copyright Terms

Copyright
Biosc Biotech Res Comm has a policy of copy right, where all the published content of its scholarly articles by its authors can be used for immediate 
free access to the work and permitting any user to read, download, copy, distribute, print, search, or link to the full texts of articles, crawl them for 
indexing, pass them as data to software, or use them for any other lawful purpose.

All articles published by Biosc Biotech Res Comm will be distributed Freely under the terms and conditions of the Creative Commons Attribution 
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ABSTRACT
The chickpea (Cicer arietinum L.) is the most significant legume crop and good source of protein. The biggest obstacle currently 
facing agriculture is salt stress which damage soil fertility and constantly shifting abiotic stressors result in low chickpea yields. 
Therefore, the purpose of this work was to identify and characterize the Rhizobium isolates and its effect on salt (NaCl) stress. Total 
281 isolates were isolated from rhizospheric soil samples fromTaif agriculture filed of Kingdom of Saudi Arabia. All isolates were 
showing same phenotypically shape size and morphology on YEMA. Only 7.47 % (21) of isolates were showing the biochemical 
characterization of Rhizobium. Only 10 (47.61%) of the 21 isolates exhibited nodulation in the chickpea under controlled condition 
After the symbiosis establishment at 25 days the data clearly indicate that the dry weight of plant was increase at 50 and 75mM 
NaCl stress at four successive harvesting stages while at 100 mM decreases the accumulation of dry mass at the rate of 16.21%, 
26.15%,10.97% and 13.04% in first, second, third and fourth harvesting stage respectively. With the salinity the root to shoot ratio 
increased at 0, 50 and 75mM at first, second and third harvesting. But decrease at 100mM NaCl at every harvesting stage. Nodule 
dry weight remains decrease under the salt stress conditions. Few isolates of Rhizobium exhibited good growth at high temperature 
and high pH. More research is needed to understand the Rhizobium isolates under abiotic stress conditions including salt stress to 
raise the better nitrogen fixers in the form of biofertilizer in harsh environment.

KEY WORDS: Abiotic stress, Rhizobium, salts stress, Cicer arietinum, Agriculture. 
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Effects of Salt Stress on the Growth and Nodulation  
of the Chickpea, Cicer Arietinum 
 
Abdullah Salim Mohammad Alqarni1, Saad M. Howladar1, Abdulaziz  
Saeed Mohammed Alghamdi1 and Mohiuddin Khan Warsi2* 
1Department of Biology, College of Science, University of Jeddah, Jeddah 21959, Saudi Arabia. 
2Department of Biochemistry, College of Science, University of Jeddah, Jeddah 21959, Saudi Arabia. 

INTRODUCTION

The most important legume crop is the chickpea (Cicer 
arietinum L.). It is well known for its nutritional advantages 
and is a member of the Fabaceae (Leguminosae) family. 
Currently, salt stress is the main barrier to the agricultural 
sector, which has a significant impact on the development, 
survival, and metabolic activity of bacteria and plants that 
fix nitrogen (Shilev, S., 2020). In many nations, including 
Saudi Arabia, agriculture is at the forefront of economic 
development. However, one of the key barriers preventing 
the growth of the agricultural area or the rise in agricultural 
productivity for many crops is salinity, which affects the 
majority of the country (Sunita et al., 2020).

One of the main causes of dryness and salinity is high 
temperatures. Due to the significant amount of soluble salts 
present in irrigation water and the high rate of evaporation 

brought on by Saudi Arabia's high temperatures, ineffective 
drainage, or soil type. In light of the aforementioned 
information, the goal of our research is to identify salt-
tolerant Rhizobium species in Saudi agricultural soil that 
promote chickpea growth under adverse and salt-stress 
conditions.

Numerous living creatures, including bacteria, fungi, 
nematodes, worms, and others, can be found in soil in their 
natural habitat. According to (Sunita et al., 2020) Rhizobia 
are a special class of bacteria that live as symbionts with 
legumes and fix atmospheric nitrogen. The most important 
legume crop is chickpea (Cicer arietinum L.). One of the 
main obstacles in the agricultural sector that has a significant 
impact on plant growth is salt stress. In desert habitats, the 
Rhizobium-legume symbiosis is particularly crucial in areas 
where the prevalence of saline soils is rising and posing a 
danger to plant productivity. Legumes, which are typically 
found in dry settings, may be better adapted than legumes 
grown in other habitats to fix more nitrogen dioxide in saline 
environments (Etesami, H. and Adl, S.M., 2020).



Toxic ion accumulations in various plant tissues, which 
disrupt some enzyme activity, can be blamed for the salt 
sensitivity. According to Lauter and Munns (1986), the 
chickpea (Cicer arietinum) is particularly sensitive to soil 
salt. Failure of the infection process resulting from salinity's 
effect on rhizobia's establishment may be the cause of 
unsuccessful symbiosis under salt stress. Legumes with 
salt stress have less nodulation because they block the 
symbiotic interactions (Chakraborty  and Harris, 2022). 
Salinity levels that prevent the growth of each individual 
symbiont differ from those that prevent the symbiosis 
between legumes and rhizobia. Some legumes perform 
poorly in symbiotic relationships when exposed to salt, but 
this is not because salt limits rhizobial growth. In saline 
environments, rhizobial colonization and invasion of the 
rhizosphere, root-hair infection, and the development of 
efficient salt-tolerant nodules are necessary conditions (Ma 
et al., 2020). 

Arid and semi-arid climates affect about one-third of the 
planet's geographical area (Skujins, 1991). One-third of the 
world's irrigated areas and around 15% of dry and semi-
arid regions are affected by salinity, according to Pitman 
et al. (2002). Lack of nitrogen frequently restricts plant 
productivity on many semi-arid lands, particularly saline 
regions. Legumes that grow in arid environments may be 
treated with N fertilizers to help them tolerate salt better 
(El at al., 2020; Shevyakova 1984). The use of Nitrogen 
in agriculture land is likely to be further constrained by 
rising N fertilizer costs and the risk of growing soil salinity 
(Mohammad et al. 1989). As a result, biological nitrogen 
fixation has become more significant. Legumes, which 
are typically found in dry ecosystems, may significantly 
contribute to the global nitrogen economy, and their 
capacity to fix nitrogen could raise soil productivity (Bhat 
et al., 2020).

Legumes may have evolved to adverse climatic conditions in 
part as a result of the host plant's interaction with Rhizobium 
species. These modifications may make Rhizobium-legume 
relationships more capable of fixing N2 under stress 
situations than associations that have developed in other 
contexts (such as salt stress), according to Zehran (1999)  
it has long been known that legumes are either susceptible 
to salinity or only moderately resistant to it. Most legumes 
experience a growth reduction in response to moderate salt 
(Jamil et al., 2012). In many nations agriculture is at the 
forefront of economic development. Salinity is  one of the 
key barriers which preventing the growth of the agricultural 
area or the rise in agricultural productivity for many crops. 
One of the main causes of dryness and salinity is high 
temperatures (Sindhu et al., 2020).

The high rate of evaporation brought on by Saudi Arabia's 
high temperatures, the high concentration of soluble salts 
in irrigation fluids, ineffective drainage, or soil type are 
the causes of excessive salinity. We tryed to estaiblish as 
relation of salt-tolerant Rhizobium species with the chickpea 
seedlings which help to promote the growth of chickpeas 
in a controlled manner in light of the aforementioned facts 
in Saudi agricultural soil.  Weimberg and Shanon (1988); 
Cordovilla et al., 1996) found that there is generally little 

association between salt concentration and the concentration 
of these chemicals (Chakraborty  and Harris, 2022).  The 
present study looked at how the well-established symbiosis 
between Cicer arietinum and Rzobium responded to salt 
stress during the vegetative phase. The purpose is to 
determine whether the adverse effect of salt stress influence 
the vegetative growth of Rhizobium and its association of 
nodulation.

MATERIAL AND METHODS

Collection of Soil Samples: The study site of research 
comprises five different Rhizospheric soil samples was 
collected from agriculture field of Taif, Saudi Arabia. 
Samples were kept in clean sterile bottles sealed and 
transferred to the Microbiology and Biochemistry laboratory 
at university of Jeddah and stored at 4° C.  
 
Isolation of Rhizobium isolates: By vigorously vertexing, 
the soil samples were suspended in distilled water and 
prepared for serial dilutions up to 10-6 in pure distilled 
water. After the proper dilution, put the solution to the YEM 
Agar plate in a petri dish with the correct pH calibration (6.8 
to 7) and cover for 72 hours at 32° C. Colony was obtained 
and was streaking on YEMA media. Sub-cultures of the 
cultures were developed and be used often. The biochemical 
characteristics of Rhizobium will be determined using 
Berge's Manual of Bacteriology (Bergeys et al., 1939). 

Purification of Isolates: Using a sterile inoculating loop, 
one well-separated rhizobial colony was chosen and added 
to 6 mL of sterilized yeast extract mannitol broth (Sindhu 
et al., 2020). The test tubes were then vortexed and swirled 
on a rotary shaker for 48 hours at room temperature. A loop 
of the culture suspensions from each test tube was removed 
after two days and streaked on sterile yeast extract mannitol 
agar (YEMA), where they were cultivated for three to four 
days at 28 °C. By repeatedly re-streaking, the colony's purity 
and consistency were thoroughly examined.

Biochemical characterization of isolates: Rhizobium 
isolates were biochemically characterized using a variety 
of biochemical tests, including the Indole test, Methyl 
red test, Voges Proskauer test, Citrate utilization test, 
Catalase test. Tests for nitrate reduction, starch hydrolysis, 
gelatine hydrolysis, and oxidase also done to determine 
the biochemical characterization of Rhizobium isolates 
(Rafique et al., 2021).

Citrate utilization test: The only carbon source accessible 
to the bacteria in this medium is citrate, but the Rhizobium 
cannot grow on citrate, no change in colour takes place. A 
loop filled with Rhizobium culture was used to inoculate 
the slant. The stab and streak method were utilized, and 
the slant was then inspected after a 24-hour incubation 
period at 37℃.

Starch utilization test: The test was run to see if 
microorganisms might use starch as a source of carbon 
(Datta et al., 2015). Rhizobium was inoculated into starch 
agar media, which was then incubated and examined. 
Extracellular enzymes are produced when starch is present, 
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showing that the organism could exploit starch as a carbon 
source. The capacity of bacteria to consume starch was 
evaluated using an iodine test. Iodine solution drops were 
applied to Petri-plate-grown cultures that had been cultured 
for 24 hours. No starch utilization was indicated by the 
formation of blue, and vice versa.

Gelatine test: This test was run to see if bacteria could 
produce the enzyme gelatinase and use gelatine as a media 
source. Gelatine degradation is a sign that the gelatinase 
enzyme is present. The actively growing cultures underwent 
nutritional gelatine medium inoculation and 48-hour 
growth. The cultures that produce gelatinase stay liquefied 
after being exposed to a low-temperature treatment at 40 °C 
for 30 min, but the cultures that do not produce gelatinase 
the media was remain solidify (Deka and Azad 2006).

Catalase test: This test was run to investigate whether the 
catalase enzyme was present in bacterial colonies. On glass 
slides, 24 hour-old Rhizobium colonies were collected, and 
one drop of 30% H2O2 was applied. The presence of the 
catalase enzyme was shown by the appearance of a gas 
bubble (Rafique et al., 2021).

Physiological Tolerance Test of Rhizobia: Physiology of 
the isolated rhizobia were done by the determination of the 
following parameters 

Temperature, pH and Salt tolerance of the Isolates

Antibiotic tolerance.

Temperature, pH and Salt tolerance of the Isolates: 
By allowing the isolates to grow on YEMA plates with 
various salt concentrations, the isolates' salt tolerances were 
evaluated (Chakraborty and Harris, 2022). Different NaCl 
concentrations, including 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 
4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, and 8.0% NaCl, were 
used to make YEMA. Growing the isolates on YEMA 
modified with 0.1N HCl or NaOH at various pH values of 
4, 4.5, 5, 5.5, 6, 8, 8.5, 9, 9.5, and 10 allowed researchers 
to establish the isolates' pH tolerance (Maatallah et al., 
2002). By inoculating and incubating the media at 5, 10, 
15, 20, 35, 40, 45, and 50°C, YEMA medium was used to 
study the growth response of rhizobia isolates to various 
temperatures (Kulkarni and Nautiyal, 2000). The presence 
and lack of growth on the plates was noted after 4 days of 
incubation at 28 2°C.
  
Antibiotic sensitivity test: Antibiotic sensitivity tests 
were conducted using antimicrobial discs. The following 
antibiotic disc was employed: Nalidixic acid (Na), 
Cloxacillin (Cx), Chloramphenicol (C), Tetracycline (Tc), 
Streptomycin (S), Ciprofloxacin (Cf), Ampicillin (Am) and 
Penicillin (PEN) are some examples of antibacterial drugs. 
Every isolate was individually inoculated in YEM broth 
and incubated at 37 °C for an overnight period. A glass 
spreader was used to evenly distribute the culture broth of 
each isolate on the nutrient agar medium (NA). Different 
isolates' inoculation plates were set with antimicrobial 
discs at about 2.5 cm, and they were then incubated at 37°C 
overnight. The zone of inhibition surrounding the discs was 

used to assess the sensitivity and resistance of Rhizobium 
isolates. All those isolates inhibit by antibiotic disc in the 
form zone consider as sensitive isolates while those perform 
the growth near to antibiotic disc is consider as resistance 
isolates (Warsi et al., 2017).

Surface sterilization and germination of chickpea seeds: 
Seed Preparation: Seeds are cleaned with tap water before 
being sterilized in 98% alcohol for 5 minutes, followed 
by 5 minutes of distilled water and another 2 minutes of 
sterile distilled water. For a short period of time, seeds were 
dried in laminar air flow (Sarwar et al., 2006; Yadav et al., 
2010). After being surface sterilized, seeds germinated for 
48 hours at 26 °C in moist autoclaved water. The immature 
plants were placed in freshly prepared nutrient solutions 
in autoclaved sand pots. Every 24 hours, the nutritional 
solution is replaced. Each seedling is injected with a 
suspension of 10–8 Rhizobium cells per millilitre. Plants 
that had been inoculated were placed in a control chamber 
with a 16/8-hour light/dark cycle operating at 25/17 C 
during the day and night.

In order to stress the plant with salt at different concentrations, 
we were to wait at least 20 to 25 days until the establishment 
of the symbiosis as per Banik et al., 2018 with bacteria. 
The development of chickpea seedlings under various 
salt stress conditions and its impact on nodulation in roots 
were studied. The seedlings were exposed to different 
concentrations of NaCl salt (0, 50, 75, and 100 mM NaCl). 
After inoculating chickpeas with Rhizobium isolates, we use 
methods from Elsheikh & Wood (1990) to assess the length 
of the root and shoot as well as the fresh and dry biomass. 
Salt stress (0, 50, 75, and 100 mM NaCl) was applied. There 
will be no salt concentration. Zero salt concentration will 
be considered as control plants.  The harvesting was carried 
out at 4 different stages @ 4, 8, 12, & 16 days.

RESULT AND DISCUSSION

Total 281 isolates were isolated from rhizospheric soil 
samples of given sites fromTaif agriculture filed of  
Kingdom of Saudi Arabia. In the first site of soil sample we 
got 57 isolates in which only 5.2% of isolates were showing 
the rhizobium biochemichal charecterstics while sampling 
site 2 were showing only 3.9% of rhizobium isolates among 
51. On the other hand in the third soil samples the identified 
rhizobium isolates was only 8.9% among 56 isolates while 
in fourt and fifth soil samples it was 8.6% and 10.6% among  
58 and 56 isolates respectively.All isolates were showing 
same  phenotypically shape size and morphology on YEMA 
(Yeast extract Mannitol Agar) while on NA (Nutrient agar) 
were showing different morphology of bacterial isolates. 
Only 7.47 % (21) of isolates were showing the biochemical 
characterization of Rhizobium among all 281 isolates 
according to Bergey’s manual.

In first soil sample only 3 isolates were showing Rhizobium 
on YEMA plates among 57 isolates. While in secound, third, 
fouth and five soil sample only  2, 5, 5 and 6 isolates were 
showing Rhizobium charecterstics among 51, 56, 58, and 
59 isolates respectively.
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Before the pot experiment we studied the seed germination 
of chick pea under different salt stress. Salinity has a 
negative impact on chickpea development and germination, 
as seen in the table 2. Particularly in stressful environments, 
the germination and seedling stages are crucial to plant 

survival and proper seedling establishment.  The results of 
this investigation showed that rising salinity stress gradually 
inhibited chickpea seed germination and establishment. 
Seed germination was completely inhibited at a high salinity 
level of 100 mM NaCl. 

			  Different rhizosphere soil Samples

	 Site 1	 Site 2	 Site3	 Site 4	 Site 5

No of isolates (YEMA)	 57 (3)5.2%	 51(2)3.9 %	 56 (5)8.9%	 58(5)8.6 %	 59 (6)10.6%	 T=281 (21)7.47%
Total No of Isolates	 57	 51	 56	 58	 59

Table 1. Different collection of soil samples and number of isolated Rhizobacterial isolates

Table 2. Biochemical characterization of Rhizobium isolates

According to numerous studies, increasing salinity levels 
decreased germination percentage and speed in the field 
for various legumes, including peas (Wolde and Adamu, 
2018), chickpeas (Ashraf and Waheed, 1992), wheat (Majid 
et al., 2013), and other legumes (Esechie, 1995; Morais et 
al., 2012; Piwowarczyk et al, 2016). This fact demonstrates 

that the salinity increased slowly. This result demonstrates 
that salinity inhibits, and delays seed germination through 
a variety of mechanisms, including a reduction in water 
absorption, adjustments in the mobilisation of stored food, 
and disruptions in the structural organisation of proteins 
(Ibrahim, 2016).



Days of	 NaCl (mM)	 Plant dry	 Nodule Dry	 Root to shoot
treatment	 Concentrations	 weight/PDW	 weight/NDW	 ratio/RSR
	 (mM)	 (gm)	 (mg)	 (mg)	

4 	 0	 0.37	 50	 0.54 
	 50	 0.52	 41	 1.12
	 75	 0.48	 15	 1.15
	 100	 0.31 (16.21%)	 05	 0.6 
8	 0	 0.65	 80	 1.06
	 50	 0.61	 85	 1.12
	 75	 0.58	 95	 0.89
	 100	 0.42 (26.15%)	 45	 0.75
12	 0	 0.82	 150	 1.15
	 50	 0.87	 122	 0.98
	 75	 0.95	 105	 0.75
	 100	 0.73 (10.97%)	 98	 0.72
 16	 0	 0.92	 225	 1.20
	 50	 0.91	 120	 1.08
	 75	 0.81	 111	 1.07
	 100 	 0.80 (13.04%)	 91	 0.60

Table 3. Effect of growth under salt stress (NaCl) at four different harvesting 
stages. PDW; Plant dry weight, RSR; Root to Shoot Ratio and NDW; Nodule 
dry weight

Antibiotics	 Concentration	 Tolerant isolates 
	 /disc	 (%)

Nalidixic acid (Na)	 30μg	 4 (19.04)
Cloxacillin (Cx)	 10μg	 5(23.80)
Chloramphenicol (C)	 30μg	 7 (33.33)
Tetracycline (Tc)	 30μg	 8 (38.09)
Streptomycin (S)	 10μg	 11 (52.08)
Ciprofloxacin (Cf)	 5μg	 6 (28.57)
Ampicillin (Am)	 10μg	 3 (14.28)
Penicillin (PEN)	 10μg	 7 (33.33)

Table 4. Antibiotic tolerance of isolated Rhizobial isolates 
under different antibiotic concentrations. Parentheses 
indicate percent tolerant isolates.

The current study showed that saline levels dramatically 
affected plant leaf area, branches, height, plant biomass 
(fresh & dry), and plant mortality. The death of plants was 
observed at the high salinity concentration (100 mM NaCl) 
after four weeks of plant establishment. These findings 
agreed with earlier studies that had been published (Grozeva 
et al., 2019). The study's findings clearly show that the 
toxicity of the salinity treatments manifests itself more 
visibly in dry weight. This result confirms earlier research 
that showed dry biomass production was more susceptible 
to growth inhibition by NaCl treatments (Rasool et al., 
2013; Yousef et al., 2020). Additionally, the lack of water, 
ion toxicity, and nutrient imbalance brought on by the 

blocking of other nutrients, including N, P, K, Ca, and NO3, 
could all be contributing factors to the growth suppression 
(Hasegawa et al., 2000). 

When cultivated in salt, other research has demonstrated 
comparable results in other legume plants, including 
sesbania (Mahmood et al., 2008), chickpea (Ashraf and 
Waheed, 1992), and pea plant (Hernandez et al., 1999). The 
outcome indicated that the number of leaves per plant was 
decreasing. Physiologically, salt stress has a detrimental 
impact on several processes, but the most notable effect 
is a reduction in cell division and expansion, which led to 
a decrease in leaf number. The results also showed that a 
high saline level reduced leaf area, which may have been 
caused by a decrease in cell division and cell expansion. 
These findings are consistent with another finding that 
indicated salt stress reduces the leaf surface expansion ratio, 
which leads to the stoppage of expansion (Kordrostami and 
Rabiei, 2019).
   
The purpose of this study was to look into how salt stress 
affected chickpea growth and nodulation. High salt stress 
hindered and postponed the germination and growth of 
chickpea plants, according to the study. The study found 
that whereas chickpeas are unaffected up to a salinity of 
50 and can endure salinity at a level of 75 mM NaCl, this 
cultivar is extremely susceptible to 100 mM NaCl, and 
considerable salt-stress-related impairments were noted. 
However, compared to germination, plant development was 
more responsive to salt stress. The molecular, physiological, 
and metabolic alterations brought on by salinity stress must 
be the focus of future study. Additionally, comprehensive 
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knowledge is necessary to comprehend this plant's 
physiological responses to environmental factors in the 
field. 

Figure 1; a, b, c and d represent percent isolates of Rhizobium 
under the condition of antibiotics, pH, Temperature and salt 
(NaCl) stress. 

Figure 2: Figure a, b and c represents nodule dry weight, 
root to shoot ratio and plant dry weight respectively under 
different salt (NaCl) stress conditions at four different 
harvesting stage

After the biochemical characterization of isolates we 
were tested the isolates for physical (Antibiotics, Ph, 
Temperature & salt) tolerance in which all the selected 
isolates were showing both sensitivity and resistance at 
various concentration (Figure 1 a). Streptomycin was 
effective against the isolates at doses of 10 µg/ml and 
were showing 52.08% resistance isolates and remain 
sensitive while 23.80%, 14.28% and 33.33% isolates were 
showing resistance to cloxacillin, ampicillin and penicillin 
respectively. 28.57% of isolates were showing resistance 
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to ciprofloxacin at 5µg concentration of antibiotics 
disc.  33.33% and 38.09% isolates were resistance to 
Chloramphenicol and tetracycline respectively.  The isolates 
varied in their resistance to and sensitivity to various 
antibiotics at various concentrations.  
   
Only 10 (47.61%) of the 21 isolates exhibited nodulation 
in the chickpea under controlled condition. Chickpea plants 
were inoculated with Rhizobium isolates, grown in a control 
environment, exposed to various NaCl salt stress conditions 
(0, 50, 75, and 100 mM NaCl), and the growth parameters 
were examined up to four harvesting stages (4, 8, 12, and 16 
days). The purpose of Wark was to determine whether salt 
stress affected chickpea development and nodulation. Data 
shows that high salt stress conditions affect plant growth and 
nodulation both during germination and nodulation.
 

CONCLUSION

 The current work focuses on the isolation and biochemical 
characterization of Rhizobium isolates from Saudi desert 
soil in the Taif region, as well as their impact on chickpea 
growth and nodulation under various salt stress conditions. 
The physiological tolerance of each Rhizobium isolate 
was examined (temperature, salt, pH, and antibiotic 
resistance). According to the study, rhizobial isolates are 
very susceptible to abiotic variables such as salt, pH, and 
temperature. Further, we investigate the impact of NaCl 
administered during the vegetative growth and nodulation 
of chickpea plants. We conclude that abiotic stress, such as 
salt stress, poses major hazards to plants. 
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ABSTRACT
Aquatic environments benefit greatly from the contribution of freshwater bivalves.  They are crucial for ancient remedies, and a variety 
of industrial uses, primarily the manufacturing of pearls, slacked lime, and use as a food source in various regions Malacofauna was 
assessed from Kuadhas river and Pangoli river of Gondia Maharashtra for six months. The physicochemical parameters comprising pH, 
turbidity, color, nitrate, sulfate, phosphate, silica, free carbon dioxide, alkalinity, dissolved oxygen, and total hardness were evaluated 
since aquatic body water quality has an impact on the occurrence and survival of flora and fauna. This paper deals particularly with 
different species and varieties from the genus Parreysia among freshwater bivalves. From study sites genus Parreysia represents 
total 8 species as Parreysia favidens, Parreysia favidens marcens, Parreysia corrugata, Parreysia corrugata nagpoorensis, Parreysia 
cylindrica, Parreysia Radiatula shurtleffiana, Parreysia (Radiatula) khadakvaslaensis, Parreysia Radiatula caerulea gaudichaudi. 
Bivalve occurrence peaked in the post-monsoon season and declined during the monsoon. Parreysia favidens and Parreysia corrugata 
are widely distributed in the Kuadhas River.  The two major species in the Pangoli River are Parreysia (Radiatula) khadakvaslaensis 
and Parreysia favidens. In both rivers Parreysia favidens marcens, Parreysia corrugata nagpoorensis, and Parreysia Radiatula 
shurtleffiana are listed as being rarer species.

KEY WORDS: PFreshwater Bivalves, Gondia District, Maharashtra, 
Malacofauna, Physicochemical Parameters.
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INTRODUCTION

Freshwater mollusks contribute significantly to the 
biogeochemical cycle and are an essential component of the 
aquatic ecosystem (Dey, 2007). Among molluscs, bivalves 
don’t have head like that of gastropods. Externally structure 
consisting of two valves made up of calcium carbonate and 
joined together by soft ligament at a hinge. Inside the shell 
have mantle secreted by shell enclosing visceral mass, two 
pairs of gills and foot (Rao, 1989). In rivers and lakes, 
freshwater bivalves serve as filters. Numerous species can 
be found in dense clusters and filter out a lot of silt, bacteria, 
diatoms, blue-green algae, and other microscopic organisms 
as well as heavy metals and big organic compounds. 
Genus Parreysia of class Bivalvia, comes under subclass 

Palaeoheterodonta and family Unionidae of phylum 
Mollusca (Rao, 1989).

Some species of Parreysia are used as food sources such 
as Parreysia favidens, Parreysia caerulea. Soup made from 
Parreysia favidens, intended to treat blood pressure and 
heart issues also shell lime water is used to cure intestinal 
parasites (Tripathy and Mukhopadhayay, 2015). Molluscs 
distribution and abundance in water bodies are influenced by 
physicochemical parameters and the vegetation of the water 
body (Choubisa, 1992).  Bad water quality and other human 
activities, leading to habitat destruction, effects on survival 
and diminishing diversity of sensitive malacofauna. 

In India molluscan diversity and relation to physicochemical 
properties studied recently by number of researchers 
including, Chutia and Kardong (2021), Kumar et al., (2019), 
Padghane et al., (2017), Kamble (2018). Sarwade et al., 
(2015). Gondia situated north-eastern site of Maharashtra 



state most of the land of district is covered with forest 
and lakes and rivers. It is in the northeastern region of 
Maharashtra state, and most of the district's territory is 
covered in rivers, lakes, and forests. In this area little or 
no work is done on malacofaunal diversity hence This 
paper particularly enlists species of genus Parreysia from 
Kuadhas  and Pangoli rivers of Gondia Maharashtra along 
with information  on some physicochemical parameters of 
these water bodies.

MATERIAL AND METHOS

Gondia district in the Indian state of Maharashtra. It is 
located between latitudes 20.39 and 21.38 North and 
79.27 and 80.42 East. As most of the territory is covered 
by forests, the Gondia district of Maharashtra is home to a 
wide variety of plants and animals.  Kuadhas river originates 
from Darekasa hills of the district and is a sub-tributary of 
Bagh River of the region. Pangoli river has it’s beginning 
from Tumsar hills of the district and is tributary of Bagh 
River (Figure 1).

Kuadhas  and Pangoli rivers were visited from November 
2022 to April 2023. The quadrate sampling method was 
used to perform the quantification (Christian and Harris 
2005). Samples were collected from bank of rivers by hand 
picking and with the help of hand net and scoop net. (Rao 
et al., 1989). (Only molluscan shells are used for study and 
no live molluscs were brought to laboratory for analysis). 
After being transported to the lab, the shells were cleaned 
with a soft bristle brush to avoid breaking the shells and to 
properly clean the mud for shell character identification. 
Identification of malacofauna was done by following keys 
by Rao (1989), Ramkrishna and Dey (2005). 

Figure 1: Location of study area Kuadhas river (A) and 
Pangoli river (B)

Study Sites	        Kuadhas River	             Pangoli River
Water Parameters	 Minima  	Maxima	 Minima 	 Maxima

Temperature (0C)	 24	 31	 23.6	 32
pH	 7.0	 7.52	 7.33	 7.67
Color (Hazen)	 ------	 BQL	 BQL	 3
Turbidity (NTU)	 1.5	 2.61	 3.8	 23.1
Phosphate (mg/L)	 BQL	 0.29	 BQL	 4.43
Sulphate (mg/L)	 8.73	 10.38	 2.94	 17.26
Nitrate (mg/L)	 1.14	 3.86	 1.50	 16.16
Total Dissolved Solids (mg/L)	 82	 224	 106	 322
Alkalinity (mg/L)	 42	 104	 55	 124
Total Hardness (mg/L)	 45	 130	 55	 130
Dissolved Oxygen (mg/L)	 5.50	 6.80	 5.8	 6.7
Silica (mg/L)	 BQL	 4.24	 0.31	 4.12
Free CO2 (mg/L)	 3.17	 7.4	 3.0	 5.28

Table 1. Physicochemical analysis of Kuadhas river and Pangoli river in 
Gondia district Maharashtra, India

Water samples were collected from both rivers at the 
same time and analysed for thirteen water parameters as 
temperature, pH, color, turbidity, total dissolved solids, total 
hardness, alkalinity, free carbon dioxide, dissolved oxygen, 
silica, phosphate, sulphate and nitrate of water sample. 
The physicochemical analysis of water was performed as 
per standard methods, (APHA, 1998; Trivedi and Goel 
1984). 

RESULTS AND DISCUSSION

The studied physicochemical parameters of water samples 
from Kuadhas river and Pangoli river have been  given 

in Table 1. The physicochemical parameters of Kuadhas 
river were recorded as: water temperature (24 - 310 C), 
pH ( 7.0-7.52), Color (BQL), Turbidity (1.5- 2.61 NTU), 
Phosphate (BQL- 0.29 mg/L), Sulphate (8.73-10.38 mg/L), 
Nitrate (1.14- 3.86 mg/L), Total Dissolved Solids (82- 224 
mg/L), Alkalinity (42-104 mg/L), Total Hardness (45-130 
mg/L), Dissolved Oxygen (5.50-6.80 mg/L), Silica (BQL 
– 4.24mg/L), Free CO2 (3.17-7.4 mg/L). 

As compared to Kuadhas river, the upper and lower 
limits of water parameters of Pangoli river  had higher: 
temperature (23.6 - 320 C), pH ( 7.33-7.67), Color (BQL-3 
Hazen), Turbidity (3.8- 23.1 NTU), Phosphate (BQL- 4.43 
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mg/L), Sulphate (2.94-17.26 mg/L), Nitrate (1.5- 16.16 
mg/L), Total Dissolved Solids (106-322 mg/L), Alkalinity 
(55-124mg/L) Total Hardness (55-130 mg/L), Dissolved 
Oxygen (5.8-6.7 mg/L), except Silica (0.31 – 4.12mg/L) 
and Free CO2 (3.0-5.28 mg/L). Positive correlation between 
molluscan population and total hardness, alkalinity, 
chlorides, phosphates, nitrate- nitrogen by many researchers 
(Garg  et al  2009; Dorlikar et al., 2014; Sarwade  et al., 
2015).

In the present   work,  we have  reported  species from 
genus Parreysia of family Unionidae of bivalves from 
Kuadhas  and Pangoli rivers of Gondia district Maharashtra 
India (Figure 2). All eight species of Genus Parreysia were 
found at Kuadhas river from November 2022 to April 2023 
includes,

Kuadhas river showed maximum diversity of molluscs due 
to present of phytoplankton vegetation serve as food for 
molluscs, less anthropogenic activity found at this river. 
Least diversity and molluscan assemblage found at Pangoli 
river due to habitat destruction as number of small dams 
built across the river and other anthropogenic activities.

Figure 2: Collected and identified Parreysia species 
from Kuadhas river and Pangoli river of Gondia district 
Maharashtra, India

Parreysia favidens, Parreysia favidens marcens, Parreysia 
corrugata, Parreysia corrugata nagpoorensis, Parreysia 
cylindrica, Parreysia Radiatula shurtleffiana, Parreysia 
(Radiatula) khadakvaslaensis, Parreysia Radiatula caerulea 
gaudichaudi. Parreysia favidens followed by Parreysia 
corrugata are most abundant species found at Kuadhas river 
and Pangoli river. Parreysia corrugata nagpoorensis and 
Parreysia favidens marcens as rare species at study area. 
Only four species of Parreysia were reported from Pangoli 
river includes Parreysia favidens, Parreysia corrugata, 
Parreysia (Radiatula) khadakvaslaensis and Parreysia 
cylindrica (Figure 3 and 4).

Figure 3: Percentages of Parreysia species from Kuadhas 
river.

Figure 4: Percentage of Parreysia species from Pangoli 
river

CONCLUSION

Eight species of genus Parreysia were recorded from two 
rivers Kuadhas and Pangoli rivers from Gondia district 
Maharashtra during six months of the survey.  This is 
the first attempt to study malacofauna in this region and 
will help to explore malacofauna and development of 
conservation policies to protect the species in the near 
future. Further study will be continued for a longer period 
and from different water bodies of the region to enlist 
molluscan diversity and their seasonal variations. 
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ABSTRACT
Hepatitis is considered a public health challenge on the Asian continent and also in India. But due to the paucity of the data, the exact 
burden of the condition has not been established. Better disease-related knowledge will help to improve attitudes toward managing 
the complications and side effects and also prevent the further spread of infection. This study aimed to evaluate the knowledge 
and attitude regarding management, prevention, complications, and side effects of drugs among hepatitis B patients in Bengaluru, 
India. A hospital-based pre-experimental study was undertaken with 60 hepatitis-B patients who were admitted to KCG Hospital 
in Bengaluru. Knowledge and attitude regarding hepatitis-B were assessed using a validated questionnaire containing demographic 
data, a 30-item knowledge questionnaire, and 16-item Likert scale responses, respectively. SPSS V20.0 was used for data analysis 
and interpretation. The descriptive statistics were presented with the mean, standard deviation, frequency, and percentage. The data 
were analyzed using a paired t-test. Further, to check the association, chi-square analysis was used. In the pre-test, 41 (68.3%) of 
the participants had inadequate knowledge, 19 (31.7%) had moderate knowledge, and none of the study participants had adequate 
knowledge. Furthermore, 60 (100%) participants had a neutral attitude, and none of the participants had an unfavorable and favorable 
attitude towards a hepatitis B patient. The findings of the study indicate that hepatitis B patients have a lack of knowledge and attitude 
regarding the prevention of complications, management, and side effects of drugs, which may lead to the further spread of infection 
in the community and hospital itself. Extensive health education, community reach, and health workers participation in campaigns 
related to hepatitis can have a rational control over the management of the disease.

KEY WORDS: Multimedia Education Program, Knowledge, Attitude, 
Prevention Of Complication, Side Effects Of Drugs, Hepatitis-B Patients.
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INTRODUCTION

Hepatitis B is a viral infection of the liver that is transmitted 
from an infected person to another through direct blood-
to-blood contact, semen, or vaginal fluid. Although the 
route of transmission is similar to that of the HIV virus 
(Human Immunodeficiency Virus), the virus is 100 times 
more virulent and may live outside the body for up to a 
week. During this time, a virus can infect a person who is 
not protected from the virus. 1 HBV is present in blood, 
semen, and vaginal fluids and is transmitted primarily 
through sexual activity. Another major transmission route 
is the sharing of injection drug equipment (including 
needles, cookers, and tourniquets) and, to a lesser extent, 
non-injection drugs (cocaine straws and crack pipes) due to 

the possibility of exposure to blood. Pregnant mothers with 
hepatitis B may spread the virus to their offspring, most 
likely after childbirth (Ray 20217).

According to the World Hepatitis Alliance report, Africa 
has some of the highest prevalence rates in the world—over 
8% for hepatitis B and 10% for hepatitis C in some areas. 
In America, it has been found that hepatitis B prevalence 
ranges from 2–8%. Areas with a high prevalence are 
those populated by indigenous communities. Hepatitis C 
prevalence among injecting drug users is 90%; 16–33% are 
co-infected with hepatitis C and HIV/AIDS. In Europe, it 
has been seen that 14 million people are chronically infected 
with hepatitis B and 9 million are chronically infected with 
hepatitis C, compared with 1.5 million HIV infections. In 
southeast Asia, about 65% of those with hepatitis B and 
75% of those with hepatitis C don’t know they are infected 
(Puri 2014).



HBV is part of the Hepadnavirdae family in the genus 
Orthohepana virus. It is the leading cause of hepatitis, 
cirrhosis, and hepatocellular carcinoma (HCC) worldwide, 
resulting in 500,000 to 1.2 million deaths per year. The 
prevalence of HBV infection varies widely, so the risk 
of HBV infection to travellers will alter depending on 
destination 2. HBV infection has been associated with 
travel. Nine percent of all HBV cases reported in the 
Netherlands between 1992 and 2003 were travel-related, 
with an estimated incidence of HBV infection of 4.5 per 
100,000 travellers. Fifty-one cases of HBV infection 
were identified from a cohort of ill travellers presenting 
to geosentinel clinics between 1997 and 2007, with HBV 
acquisition independently associated with older age and 
male sex (41–51 cases), possibly reflecting risk-taking 
behaviour including unsafe sex while abroad. However, 
given the long intubation period, we were unable to exclude 
the acquisition of acute HBV infection cases prior to travel. 
Studies of travellers have demonstrated that new sexual 
partners and unprotected intercourse are relatively common, 
particularly in the setting of excessive alcohol intake.

A study reported that India has over 40 million HBV carriers 
and accounts for 10–15% of the entire pool of HBV carriers 
in the world. Of the 25 million infants born every year in 
India, it is estimated that over 1 million run the lifeline 
risk of developing chronic HBV infection. Every year, 
over 100,000 Indians die due to illnesses related to HBV 
infection. There are varying reports of an overall rate of 
HB positivity ranging between 2-4.7%.  Two agents are 
currently available for prophylaxis against hepatitis B viral 
infection. The first is hepatitis B immune globulin (HBIG), 
which provides temporary protection from HBV, (Ahmed 
et al., 2023). 

The second is the hepatitis B vaccine, which has had a 
significant impact on health care workers to date. Recently, 
the FDA approved a synthetic nucleoside analog, lamivudine 
(Epivir-HBV™), for use in patients with chronic hepatitis B 
viral infection associated with evidence of viral replication 
and active liver inflammation. But Despite the introduction 
of hepatitis B virus (HBV) vaccination programs, chronic 
hepatitis B (CHB) remains an important disease burden 
worldwide. Currently, HBV treatment has improved in 
India. However, the effort is limited due to a lack of a 
hepatitis registry, good community-based epidemiology, 
and serological epidemiological studies (Ray 2017).

Therefore, this study was planned to assess the knowledge 
and attitude regarding management, prevention of 
complications, and side effects of drugs on hepatitis B 
among the hepatitis B patients. The findings of this study 
will help the medical and nursing fraternity come up with 
new ideas to tackle hepatitis B-related drug complications 
and side effects and also improve patients knowledge 
regarding hepatitis B (Jarju et al., 2022).

MATERIAL AND METHODS

Study design and population: An hospital-based pre-
experimental study with a one-group pre-test and post-test 
design was undertaken on hepatitis B patients at KCG 

Hospital, Malleswaram, Bengaluru, in the years 2022–2023. 
A total of 60 hepatitis-B patients have participated in the 
study.

Study setting: Bangalore (also known as Bengaluru) is the 
capital of Karnataka state, India. This study was conducted 
at KCG Hospital, which is a public hospital situated at 
Malleswaram Circle, Bengaluru.

Sample size and sampling procedures: 60 patients who 
were diagnosed with hepatitis B and who were also admitted 
to the hospital were selected using the non-probability 
convenience sampling technique based on the inclusion 
criteria. The data was collected in person from patients 
at KCG Hospital who were willing to give informed 
consent and were included in the study. Patients who had 
developed a hepatitis complication, had an altered level 
of consciousness, and were not available at the time of 
data collection were excluded from the study (Ul Haq et 
al.,2013).

Data collection instrument: The data collection instrument 
was developed by the investigator. The validity and 
reliability of the tools were checked with the help of 
nursing experts and a biostatistician. The data collection 
instrument was divided into three sections. Section A 
included demographic characteristics such as age in years, 
gender, religion, education, occupation, monthly income, 
and family history of hepatitis. Section B included the 
structured knowledge assessment questionnaire. The 
questions were formulated based on general information 
regarding hepatitis (9 items), management of hepatitis B (7 
items), prevention of complications regarding hepatitis B (8 
items), and the side effects of drugs regarding hepatitis B 
(5 items). Furthermore, Section C included Likert’s attitude 
scale and the responses (strongly agree, agree, uncertain, 
disagree, strongly disagree).

Further, for the scoring interpretation, ‘1’ was awarded to 
the correct response and ‘0’ for the wrong response in all 
items for Section B, and a total score of 30 was allotted to 
interpret the level of knowledge. For the Likert’s attitude 
scale, the positive question score of 5’ was awarded for 
strongly agree, ‘4’ for agree, ‘3’ for being uncertain, ‘2’ for 
disagree and ‘1’ for strongly disagree. Furthermore, for the 
negative question, strongly agree was awarded to ‘1’, ‘2’ for 
agree, ‘3’ for uncertain, ‘4’ for disagree, and ‘5’ for strongly 
disagree. Thus, a total score of 80 was allotted. In order to 
establish the reliability of the tool, the split-half method 
was used. The calculated ‘r’ value was 0.92 for knowledge 
and 0.82 for Likert’s attitude scale, and the tool was found 
to be reliable (Mohamed et al., 2012).

Data collection technique: Formal permission was obtained 
from the concerned authority and the ethical committee of 
KCG Hospital. The data were collected from February 2 to 
March 31, 2023, and were collected by the researcher itself. 
The patients were requested to respond to the questionnaires 
through pen and paper with a consent form attached. The 
instructions were given to the auto drivers on the front 
page and also orally, not to use any materials for reference 
purposes and not to discuss with other patients to find out 

Biswas & Shil

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS	         Multimedia Education Program on Knowledge 147



Biswas & Shil

 148 Multimedia Education Program on Knowledge	       BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

the correct answer. Around 15 minutes were taken for each 
subject to complete the questionnaires (Das & Shil 2022).

Data quality control: Data quality was assured by proper 
pre-testing and designing of the questionnaires, which 
were done at a rural community health center far from the 
original test site on 10% of the total participants to ensure 
that the questions were clear and easily understood by the 
respondents, and further questionnaires were refined based 
on the results of the pilot study (Mohamed et al., 2012).

Data processing and analysis: After the data collection, 
the data were exported from an Excel sheet to the statistical 
package for social sciences (SPSS) version 20.0 for 
analysis and interpretation. The descriptive statistics were 
presented with the mean, standard deviation, frequency, and 
percentage. The data were analyzed using a paired t-test. 

Further, to check the association, chi-square analysis was 
used (Dahl et al., 2012).

RESULTS

A total of 60 hepatitis B patients participated in this study. 
Out of the study participants, the majority, 43 (71.7%), 
were male, and 24 (40%) were in the age group of 21 to 30 
years. 28 (46.7%) of the participants were Hindu, and the 
majority of 29 (48.3%) of them work as private employees. 
With regards to education, 24 (40%) of the participants had 
higher secondary education and had an income of 5000 to 
10000 rupees per month 22 (36.7%). Furthermore, every 
participant 60 (100%) heard about hepatitis, and the sources 
of information were health care professionals and family 
members 18 (30%). However, none of the 60 (100%) of 
the study participants had any family history of hepatitis 
(Das & Shil 2022).

Sl.no	 Demographic	 Categories	 Frequency	 Percentage (%)
	 variables		  (f)

1	  Age  	 21-30	 24	 40.0
		  31-40	 19	 31.7
		  41-50	 17	 28.3
2	 Gender	 Male	 43	 71.7
		  Female	 17	 28.3
3	R eligion	 Hindu	 28	 46.7
		  Muslim	 12	 20.0
		  Christian	 18	 30.0
		O  thers	 2	 3.3
4	E ducational status	N o formal education	 2	 3.3
		  Primary 	 13	 21.7
		  Secondary 	 17	 28.3
		  Hr. Secondary	 24	 40.0
		  Graduate and above	 4	 6.7
5	O ccupation	U nemployed	 2	 3.3
		  Agriculture	 7	 11.7
		  Govt. Employee	 13	 21.7
		  Pvt. Employee	 29	 48.3
		  Housewife	 5	 8.3

6	F amily income	 <5000	 10	 16.7
	 per month(Rs)	 5001-10000	 22	 36.7
		  10001-15000	 19	 31.7
		  >15000	 9	 15.0
7	F amily history	 Yes	 -	 -
	 hepatitis	N o	 60	 100.0
8	 Heard about hepatitis 	 Yes	 60	 100.0
		N  o	 -	 -
9	 Source of information	 Magazine	 12	 20.0
		  Health care professional	 18	 30.0
		  Family members	 18	 30.0
		  Friends	 12	 20.0

Table 1. Description of socio-demographic variables of patients with hepatitis B                 
N=60



Sl.no	 Level of knowledge	             Pre test		              Post test
		  No. (60)	 Percentage (%)	 No. (60)	 Percentage (%)

1	I nadequate knowledge (<50%)	 41	 68.3	 -	 -
2	 Moderate knowledge (50-75%)	 19	 31.7	 60	 100.0
3	A dequate knowledge (>75%)	 -	 -	 -	 -
	 Total	 60	 100	 60	 100

Table 2. Frequency and percentage distribution of patients with hepatitis B according to pre and post-test 
level of knowledge   N = 60

Figure 1: Distribution of patients with hepatitis B according 
to pre-test and post-test level of knowledge

Sl.no	 Level of knowledge	             Pre test		              Post test
		  No. (60)	 Percentage (%)	 No. (60)	 Percentage (%)

1	U nfavorable attitude (<50%)	 -	 -	 -	 -
2	N eutral  attitude (50-75%)	 60	 100.0	 -	 -
3	F avourable attitude (>75%)	 -	 -	 60	 100.0
	 Total	 60	 100	 60	 100

Table 3. Frequency and percentage distribution of patients with hepatitis B according to the pre and post-
test level of attitude N = 60

Figure 2: Percentage distribution of hepatitis B patients 
according to pre-test and post-test level of attitude

Sl.no	 Attitude	 Max. Score	 Range	 Mean	 SD	 Mean%

1	 Pre test	 80	 44-49	 47.02	 1.44	 58.7
2	 Post test	 80	 65-71	 67.80	 1.86	 84.7

Table 4. Mean, SD and range of pre-test and post-test level of attitude 
on hepatitis  among patients with hepatitis B N = 60

Table 2 depicts the pre-test and post-test frequency and 
percentage distribution of knowledge about hepatitis B. 
The result shows that in the pre-test, 41 (68.3%) of the 
participants had inadequate knowledge, 19 (31.7%) had 
moderate knowledge, and none of the study participants 
had adequate knowledge. Whereas, in the post-test, the 
result shows that all 60 participants (100%) had moderate 
knowledge, and none of them had inadequate or adequate 
knowledge. It shows that after the multimedia education 

program, the subject knowledge has improved, and the 
program is found to be effective (Dahl et al., 2012).

Table 3 depicts the pre-test and post-test frequency and 
percentage distribution of attitudes towards hepatitis B. The 
result shows that in the pre-test, 60 (100%) of the participants 
had a neutral attitude, and none of the participants had 
unfavourable and favourable attitude towards hepatitis B 
patient. Whereas after the multimedia education program, 
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all 60 participants (100%) had a favorable attitude towards 
hepatitis B. Therefore, it shows that the overall attitude has 
improved and the program has been found to be effective 
(Jarju et al., 2022).

Table 4 depicts the mean, SD, and range of the pre- and 
post-test attitude levels. The table shows that in the pre-test, 
the range was 44–49, the mean was 47.02, the SD was 1.44, 
and the mean percentage was 58.7%. Whereas in the post-
test, the range was 65–71, the mean was 67.80, the SD was 
1.86, and the mean percentage was 84.7%. and it can be 

clearly seen that the mean percentage improved after the 
post-test (Mohamed et al., 2012).

Table 5 depicts the paired t-test analysis for the pre-test and 
post-test analysis. The table shows the mean difference, SD 
of difference, mean difference percentage, and statistical 
significance of knowledge regarding management, 
prevention of complications, and side effects of drugs on 
hepatitis among patients with hepatitis. The mean difference 
was 4.96, the SD was 0.75, the mean difference percentage 
was 16.5, and the t-value was found to be 18.67, which was 
highly significant at p<0.05 level (Das & Shil 2022).

Sl.no	 Knowledge	 Max. 	 Mean	 SD of 	 % of mean	 Paired	 p-value
		  Score	 difference	 difference	 difference	 t-value

1	G eneral information	 8	 1.06	 1.26	 13.2	 6.55	 p<,0.05
	 regarding hepatitis B
2	 Management of hepatitis B	 10	 1.78	 1.54	 17.8	 8.96	 p<,0.05
3	 Prevention of complication	 8	 1.13	 1.39	 14.1	 6.29	 p<,0.05
	 of hepatitis B
4	 Side effects of drugs	 4	 0.98	 1.33	 24.5	 5.71	 p<,0.05
	O ver all	 30	 4.96	 0.75	 16.5	 18.67	 p<,0.05

Note: *- denotes significant at 0.05 level at 59df (i.e. p<0.05)

Table 5. Paired t-test analysis for the significance of pre and post-test level of knowledge hepatitis among 
patients with hepatitis B N = 60

Attitude	 Max. 	 Mean	 SD of	 % of mean	 Paired	 p-value
	 Score	 difference	 difference	 difference	 t-value

Over all	 80	 20.78	 2.00	 25.9	 24.25	 P<0.05

Note: *- denotes significant at 0.05 level at 59df (i.e. p<0.05)

Table 6. Paired t-test analysis for the significance of pre and post-test level of 
attitude on hepatitis patients with hepatitis B	N = 60

Variables	 Mean	 SD	 R	 p-value

Knowledge	 14.02	 0.79	 0.741*	 p<0.05
Attitude	 18.98	 0..83		

Note: *- Significant at 5% level (i.e., p<0.05).

Table 7. Correlation between knowledge and attitude on 
hepatitis among patients with hepatitis B N = 60

Figure 3: Scatter graph of correlation between knowledge 
and attitude

A paired "t" test was performed to determine the significance 
of the pre- and post-test levels of attitude regarding hepatitis. 
The table shows that the mean, standard deviation, and mean 
percentage of improvement in attitude regarding hepatitis B 
among hepatitis B patients where the maximum score was 80, the mean difference was 20.78, the SD of the difference 

was 2.00, the mean difference percentage was 25.9, and the 
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t-value was found to be 24.25, which was highly significant 
at p<0.05 level (Mohamed et al., 2012).

Table 7 depicts the correlation between knowledge and 
attitude toward hepatitis among patients with hepatitis. The 
result shows that there was a strong positive correlation 
between knowledge and attitude, and the calculated r 

value is 0.741*. Table 8 depicts the knowledge level and 
demographic variables. The result shows that the association 
between educational status (χ2 = 28.69), occupation (χ2 
= 19.09), family income (χ2 = 9.98), and the source of 
information (χ2 = 7.868) was found to be statistically 
significant. Other demographic variables such as age, 
gender, religion, family history of hepatitis, and heard about 
hepatitis were found to be statistically non-significant.

Sl.no	 Demographic		                Sample (60)		        Knowledge			   χ2-	 p-
	 variables	 Categories	  	                                 ≤ median	               >median	 value	 value
		  	 No.	 %	 No.	 %	 No.	 %
		
1	A ge	 21-30	 24	 40.0	 18	 43.9	 6	 31.6	 4.652,
									         df=2,
									N         S	 p>0.05
		  31-40	 19	 31.7	 13	 31.7	 6	 31.6		
		  41-50	 17	 28.3	 10	 24.4	 7	 36.8		
2	G ender	 Male	 43	 71.7	 29	 70.7	 14	 73.7	 0.056, 	 p>0.05
									         df₌1, 
									N         S
		F  emale	 17	 28.3	 12	 29.3	 5	 26.3		
3	R eligion	 Hindu	 28	 46.7	 19	 46.3	 9	 47.4	 3.56, 	 p>0.05
									         df₌3, 
									N         S
		  Muslim	 12	 20.0	 10	 24.4	 2	 10.5		
		  Christian	 18	 30.0	 10	 24.4	 8	 42.1		
		O  thers	 2	 3.3	 2	 4.9	 0	 0		
4	E ducational	N o formal	 2	 3.3	 2	 4.9	 0	 0	 28.69, 	 p<0.05
	 status	 education							       df₌4, S
		  Primary 	 13	 21.7	 13	 31.7	 0	 0		
		  Secondary 	 17	 28.3	 16	 39.0	 1	 5.3		
		  Hr. Secondary	 24	 40.0	 10	 24.4	 14	 73.7		
		  Graduate and above	 4	 6.7	 0	 0	 4	 21.1
5	O ccupation	U nemployed	 2	 3.3	 2	 4.9	 0	 0	 19.09, 	 p<0.05
									         df₌5, S
		  Agriculture	 7	 11.7	 7	 17.1	 0	 0		
		G  ovt. Employee	 13	 21.7	 3	 7.3	 10	 52.6		
		  Pvt. Employee	 29	 48.3	 21	 51.2	 8	 42.1		
		  Housewife	 5	 8.3	 5	 12.2	 0	 0		
		C  oolie / Daily wages 	 4	 6.7	 3	 7.3	 1	 5.3		
6	F amily income	 <5000	 10	 16.7	 8	 19.5	 2	 10.5	 9.98,	 p<0.05
	 per month (Rs)								        df₌3, S
	
		  5001-10000	 22	 36.7	 19	 46.3	 3	 15.3		
		  10001-15000	 19	 31.7	 8	 19.5	 11	 57.9		
		  >15000	 9	 15.0	 6	 14.6	 3	 10.5		
7	F amily history	 Yes	 -	 -	 -	 -	 -	 -	I nvalid
	 hepatitis
		N  o	 60	 100	 41	 100	 19	 100	
8	 Heard about 	 Yes	 60	 100	 41	 100	 19	 100	I nvalid
	 hepatitis
		N  o	 -	 -	 -	 -	 -	 -	

Table 8. Association between mean difference of knowledge on hepatitis among patient with hepatitis B with selected 
demographic variables  N = 60
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9	 Source	 Magazine	 12	 20.0	 8	 19.5	 4	 21.1	 7.868, 	 p<0.05
	 information								        df₌3, S
		  Health care	 18	 30.0	 10	 24.4	 8	 42.1
		  professional
		  Family members	 18	 30.0	 11	 26.8	 7	 36.8		
		  Friends	 12	 20.0	 12	 29.3	 0	 0

Table 9 depicts the association between attitude level 
and demographic variables. The result shows that the 
association between educational status (χ2 = 14.96), 
family income (χ2 = 9.950), and occupation (χ2 = 19.064) 
was found to be statistically significant. Furthermore, the 
rest of the variables, such as age, gender, religion, and 
source of information, were found to be statistically non-
significant.

DISCUSSION

India has an approximately 3.0% HBV career rate, with 
a high prevalence rate in the tribal population. Due to the 
lack of basic medical facilities in the remote areas, many 
of the tribal populations don’t get the required treatment, 
which can be fatal for the patients and also for the people 
nearby. Due to this, with a population of more than 1.35 
billion, India has more than 37 million HBV carriers, 
which contributes a large proportion of this HBV burden. 
9 The purpose of the present study was to assess the 
knowledge and attitude regarding management, prevention 
of complications, and side effects of drugs on hepatitis B 
among hepatitis B patients. Currently, there is little research 
data available related to this statement.

The findings of the present study suggest that in the pre-test, 
41 (68.3%) of the participants had inadequate knowledge, 
19 (31.7%) of them had moderate knowledge, and none of 
the study participants had adequate knowledge. Whereas, 
in the post-test, the result shows that all 60 participants 
(100%) had moderate knowledge, and none of them had 
inadequate or adequate knowledge. However, the findings 
were inconsistent when compared with a similar study done 
in Gambia 10  where the result shows that the majority 
of the participants have an adequate level of knowledge 
regarding hepatitis B. This discrepancy might be due to the 
study setting and large sample size. However, some study 
findings done in Pakistan 11,12  Malaysia13 and India 14  
were consistent with our result.

One of the objectives of our research was to find out the 
attitude towards hepatitis B. The result shows that in the pre-
test, 60 (100%) of the participants had a neutral attitude, and 
none of the participants had unfavourable and favourable 
attitude towards hepatitis B patient. However, after the 
education, all the participants 60 (100%) developed a 
favorable attitude. The similar negative attitude 309 (79.2%) 
was found in the study done in Pakistan 11,12 and Malaysia. 
13  Although a higher attitude was found in a study done in 
Gambia 10 where two-third 107 (70%) of the participants 
had a positive attitude towards hepatitis B infection. This 
difference in the result could also be due to the fact that 
African nations have one of the highest numbers of hepatitis 
B patients. So the health information and higher education 

the people are receiving could also be more. Due to medical 
advancement, the ratio of hepatitis B is decreasing in India, 
which is also impacting the knowledge and attitude towards 
hepatitis B.

Our research has found multiple associations between 
knowledge level and demographics that were found to 
be statistically significant, such as educational status (χ2 
= 28.69), occupation (χ2 = 19.09), family income (χ2 = 
9.98), and the source of information (χ2 = 7.868). Some of 
the similar associations were also found in some studies. 
11,12,13 Furthermore, a significant association was also 
found between attitude level and demographic variables 
such as educational status (χ2 = 14.96), family income 
(χ2 = 9.950), and occupation (χ2 = 19.064). A positive 
correlation between knowledge and attitude was found 
in this study, which reaffirms the relationship between 
knowledge and attitude. It can be concluded that adequate 
knowledge can lead to a positive attitude that can manage 
and improve the management of complications and side 
effects of drugs in hepatitis B. The findings are not in line 
with the result of one of the previous studies, where the 
study showed no significant predictor of attitude among 
the sociodemographic and clinical characteristics variables. 
However, such differentiations in the results could be a 
representation of people’s education, the governmental 
approach to tackling hepatitis B, and mass health education 
to the general public.

To our knowledge, a small number of studies have been 
conducted regarding hepatitis B in western countries 
compared to Asian countries, as the majority of hepatitis 
B cases are found in Asian countries. A study was done 
in Melbourne, Australia 15 regarding the health literacy 
of chronic hepatitis B patients, which claimed to be the 
largest study done in Australia to investigate the knowledge 
of chronic hepatitis B patients who are attending a special 
outpatient clinic. The result suggested that most of the 
participants had a higher level of knowledge (7.5 out of 12 
points) compared to previous studies.

Also, the study found a statistically significant association 
between knowledge score and demographic variables such 
as gender (P = 0.0268**), English literacy (P = 0.045**), 
educational level (P = 0.05**), having seen clinician 
previously (P = 0.010**), knowing anyone else with HBV 
(P = 0.007**), Friend comfortable (P = 0.049**). However, 
we have observed that the majority of the study has a 
significant association between knowledge and educational 
level, so in conclusion, we can say that patients with a higher 
educational level have higher knowledge regarding hepatitis 
B, its treatment, side effects, etc. The higher knowledge 
score in the study might be due to the higher literacy level 
and better sources of information in Australia. But different 
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cultural factors and linguistically salient information from 
different countries can also play a role in the results of 
different research studies.

Education plays a vital role and has a definite effect on 
improving knowledge and also shaping negative views 

and attitudes about this disease. Early education regarding 
hepatitis B can help improve the knowledge of urban and 
rural populations. A better understanding of hepatitis B will 
improve the treatment outcome, reduce negative societal 
image, and reduce morbidity, stress, and anxiety regarding 
hepatitis B.

Sl.no	 Demographic		                Sample (60)		        Attitude			   χ2-	 p-
	 variables	 Categories	  	                                 ≤ median	               >median	 value	 value
		  	 No.	 %	 No.	 %	 No.	 %
		
1	A ge	 21-30	 24	 40.0	 16	 42.1	 8	 36.4	 1.58,
									         df=2,
									N         S	 p>0.05
		  31-40	 19	 31.7	 11	 28.9	 8	 36.4		
		  41-50	 17	 28.3	 11	 29.0	 6	 27.3		
2	G ender	 Male	 43	 71.7	 26	 68.4	 17	 77.3	 0.053, 	 p>0.05
									         df₌1, 
									N         S
		F  emale	 17	 28.3	 12	 31.6	 5	 22.7		
3	R eligion	 Hindu	 28	 46.7	 16	 42.1	 12	 54.5	 2.36, 	 p>0.05
									         df₌3, 
									N         S
		  Muslim	 12	 20.0	 9	 23.7	 3	 13.6		
		  Christian	 18	 30.0	 11	 28.9	 7	 31.8		
		O  thers	 2	 3.3	 2	 5.3	 0	 0		
4	E ducational	N o formal	 2	 3.3	 2	 5.3	 0	 0	 14.96, 	 p<0.05
	 status	 education							       df₌4, S
		  Primary 	 13	 21.7	 12	 31.6	 1	 4.5		
		  Secondary 	 24	 28.3	 12	 31.6	 12	 54.5		
		  Hr. Secondary	 17	 40.0	 16	 39.	 1	 15		
		  Graduate and above	 4	 6.7	 0	 0	 4	 18.2
5	O ccupation	U nemployed	 2	 3.3	 2	 5.3	 0	 0	 19.0.64, 	 p<0.05
									         df₌5, S
		A  griculture	 7	 11.7	 6	 15.8	 1	 4.5		
		G  ovt. Employee	 13	 21.7	 2	 5.3	 11	 50.0		
		  Pvt. Employee	 29	 48.3	 20	 52.6	 9	 40.9		
		  Housewife	 5	 8.3	 5	 13.2	 0	 0		
		C  oolie / Daily wages 	 4	 6.7	 3	 7.9	 1	 4.5		
6	F amily income	 <5000	 10	 16.7	 8	 21.1	 2	 9.1	 9.950,	 p<0.05
	 per month (Rs)								        df₌3, S
	
		  5001-10000	 22	 36.7	 18	 47.4	 4	 18.2		
		  10001-15000	 19	 31.7	 8	 21.1	 11	 50.0		
		  >15000	 9	 15.0	 4	 10.5	 5	 22.7		
7	 Source of	 Magazine	 12	 20.0	 7	 18.4	 5	 22.7	
	 information
		  Health care	 18	 30.0	 11	 28.9	 7	 31.8	 2.703	 p<0.05
		  professional							       df₌3, NS
		  Family members	 18	 30.0	 10	 26.3	 8	 36.4
		  Friends	 12	 20.0	 10	 26.3	 2	 9.1 

Note: S-Significant at 5% level (i.e., p<0.05), NS-Not significant at 5% level (i.e., p>0.05).

Table 9. Association between mean difference of attitude on hepatitis  among patients with 
hepatitis B with their  selected demographic variables   N = 60
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Limitation: The study was conducted at one hospital, which 
led to a small sample size. Also, the sampling technique used 
was non-randomized purposive sampling. and the study was 
limited to only hepatitis B patients. Hence, the findings of 
the study cannot be generalized to a large population.

CONCLUSION

There are substantial burdens of HBV infection in Asia 
and the Pacific Islands, sub-Saharan Africa, the Amazon 
Basin, and Eastern Europe, despite the disease's frequency 
being unevenly distributed throughout the world. But 
still, a number of issues in hepatitis B management 
remain controversial or unresolved, such as identifying 
treatment candidates, managing partial or nonresponses, 
and predicting treatment response. The authors hope that 
the study findings will support the stakeholders teachers, 
doctors, and nurses in making a significant decision to 
handle hepatitis B patients more efficiently.
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ABSTRACT
Cancer is caused by carcinogens. Among these causative agents viruses are the traceable source. Oncoviruses have both DNA and 
RNA as genetic material. The constant evolution of these viruses allows them to survive and thrive. HPV, HCV,HBV, HH8, EBV, 
HTLV, MCP are a few known carcinogenic viruses. The pathway of establishment and proliferation of the virus follows the order 
of initiation, promotion, and progression. Various viral proteins play a mechanistic role in the conversion of a normal cell into a 
neoplasm. This study is a small attempt to learn the evolutionary patterns of oncoviruses. Two common pathways of cancer are the 
suppression of p53 and Rb genes. This study looks at the viral proteins that perform this activity and looks at the similarity through 
the evolution patterns of the viral proteins. The niche of this study lies in the identification of possible targets that can collectively 
prevent viral cancers. Also in multiplexing targets for diagnosis. However , a common target identification from a evolutionary 
point of view was not established. The study however establishes that among the evolved viruses onco- proteins have similarity i.e 
a common pathway of evolution.

KEY WORDS: Virus, Cancer, Mechanism, Protein.
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INTRODUCTION

Cancer is the collective name for diseases caused by 
the uncontrolled division of abnormal cells which later 
proliferate and spread to other organs. The aggregation of 
such cells in one place leads to a ‘tumor, ‘(National Institutes 
of Health 2007, Anderson and Simon 2020). The process 
by which a cell converts from a normal to a malignant 
cell is called carcinogenesis. The factor that causes this 
mutation that triggers a cell to become malignant is called 
as carcinogens. Carcinogens are of 3 major types’ chemical 
carcinogens (including those from biological sources), 
physical carcinogens, and oncogenic (cancer-causing) 
viruses. Among these oncogenic carcinogens depend on 
persistence and take a longer time to cause malignancy, 
(Anderson and Simon, 2020). 

This makes viral cancers the most detectable and preventable 
form of cancer. Viruses contain DNA or RNA as genetic 
material. Among these viruses with single-stranded DNA 
are known to evolve rapidly ( Zur, 1991). Evolution is the 
mechanism employed by an organism to overcome a hostile 
environment.The year 1964 saw the discovery of viruses also 
as a cause of cancer. Viruses cause cancer either directly 
or by causing inflammation. The first of the oncogenic 

viruses to be discovered was Epstein-Barr Virus (EBV). 
The expression of proteins is a key step in the infection 
process and hence making immunosuppressed patients more 
suitable for viral cancers, (Tonseilo et al 2018  Tempera & 
Lieberman, (2021). 
  
The key 7 types of viruses are proven to be oncogenic in 
nature namely. Viruses associated with causing cancer are 
EBV (Epstein–Barr virus), HPV (human papillomavirus), 
HTLV-1 (human T-lymphotropic virus 1), KHSV (Kaposi 
sarcoma-associated herpesvirus)/ HHV-8 (human herpesvirus 
8), HCV (hepatitis C virus), HBV (hepatitis B virus) and 
MCPyV (Merkel cell polyomavirus). Among the above-
mentioned HTLV-1, HCV and HBV are retroviruses. 
Constant assault leads to malignant transformation.2.2 
million infections were attributed to cancer cases in 2018 
worldwide which amounted to 13 % of the total cancers. 
90% of the cases are caused by HPV, HBV, and HCV 
(Liao.,2006). Among the various diseases cancer is the 
highest death causing disease, accounting for almost 10 
million deaths in 2020, (WHO 2022).

Among the above-mentioned viruses, most of them are DNA 
viruses and two of them are RNA viruses. Most RNA viruses 
are retroviruses that replicate via reverse transcriptase.  
EBV and KSHV are large DNA viruses that often cause 
solid tumors and lymphoid malignancies, (Charostad et 
al., 2020). HPV and MCPyV are smaller DNA genomes 



in size and cause warts. Where oncogenic HPVs establish 
persistent infections in mucosal epithelia whereas MCPyV 
infects and likely persists latently in dermal fibroblasts. 
These small DNA oncogenic viruses promote tumorigenesis 
using relatively few multifunctional oncoproteins. HCV 
a retroviral virus has genetic material in a positive sense, 
HBV, on the other hand, is single a stranded RNA virus, that 
infects hepatocytes and causes chronic liver inflammation, 
liver cirrhosis, and hepatocellular carcinoma (HCC). 
HTLV-1 has RNA as genetic material and causes T-Cell 
lymphoma.
 
Infection of the above viruses is common but with viral 
cancers, there is no thumb rule that cancer progression 
needs the presence of virus. The general process of 
oncogenic viruses to cause cancer is chronic inflammation, 
immunosuppression, or environmental mutagens 
individually or in combination cause assault and helps 
with the progression to cancer. Several studies have been 
undertaken to prove that viruses are the root cause of cancer. 
Studies on both human and animal models have ascertained 
the same.

Viral mechanisms of inducing infection are direct and 
indirect mechanisms. Direct mechanisms involve. Insertion 
of viral oncogenes into host cells followed by enhancement 
of the proto-oncogenes in the host genes (Coffin et al., 1997) 
Indirect viral oncogenes activation occurs to triggering 
non–specific inflammation. It happens due to prolonged 
periods of inflammation. The direct method of infection 
mandates the presence of at least one virus in every tumor 
cell, expressing a minimum of one protein or RNA to help 
the cell become cancerous. Indirect tumor viruses are 
hypothesized to be lost from the tumor after the tumor has 
the sufficient mutation and attains hyperplasia (Morales-
Sánchez & Fuentes-Pananá 2014 and  Gaglia & Munger 
2018). 

Viral cancers are characterized by long latent periods 
of incubation. Cancers induced by viruses are part of 
the natural viral life cycle. RNA viruses have 3 distinct 
methods of transformation i.e., acute transformation, 
v-oncogene replication, and non-transforming replication. 
Oncoviruses often use pathways common pathways to 
induce tumorigenesis, some common pathways used by 
viruses to induce cancer are tumor suppressor pathways 
such as p53 and tumor necrosis–associated pathways 
(TRAFs), telomerase reverse transcriptase (TERT) and 
other pathways  used are  P13K-AKT-mTOR, JAK /STAT, 
NF-κB, β-catenin, MHC-1.The host DNA damage response 
is catalyzed and influenced by the viral proteins. 

In the study of the Kegg pathway, it was seen that the 
most common pathways of the above-mentioned p53 
suppression, P13K-AKT-mTOR, and JAK /STAT pathways 
inhibit apoptosis (  Ozaki & Nakagawara, 2011),  Brooks & 
Putoczki, 2022). In this study, the general evolution of the 
oncogenic viruses is studied with the proteins involved in 
viral oncogenesis. Further, the evolution of the DNA viruses 
was explored, and finally the evolution of the proteins 
involved in the suppression of apoptosis through p53, 
P13k-AKT –mTOR, and JAK /STAT pathways. The study 

of these mechanisms shows a common route of infection 
by the oncoviruses. This study aims at understanding the 
common mechanisms of neoplasm induction by viruses 
and the evolutionary patterns of viral oncogenes involved 
in common mechanisms causing cancer.

Material and Methods

Retrival of whole genome structures from NCBI was carried 
out  for - Epstein–Barr virus, Human T-lymphotrophic 
virus -1, Kaposi sarcoma-associated herpesvirus/  human 
herpesvirus8 , Human papillomaviruses, Merkel cell 
polyomavirus, Hepatitis B virus and Hepatitis C virus.
Retrival of protein and gene sequences of the main viral 
onco-proteins from NCBI. Kegg pathway analysis: 
and  Pathways in cancer - Homo sapiens (human)- pathway 
number hsa 05200 was also studied.

Viral carcinogenesis- pathway number map05203 was 
analyzed to identify  and select common pathways in cancer 
caused by Viruses and to identify the viral genes involved 
in the mechanism of carcinogenesis. Similarly, multiple 
sequence alignment  of the chosen virus and viral proteins 
were  aligned to see similarity using Clustal omega, Clustal 
W and Mega X. Construction of  evolutionary tree was done  
by using Clustal omega, Clustal W and Mega X based on 
neighbor joining method.

Results and Discussion

The phylogenetic analysis of the proteins that induce 
oncogenesis is depicted in the below phylogenetic tree. The 
analysis results from Clustal omega and Clustal W are given 
below. Cancer causing viruses have both RNA and DNA 
as genetic material. Hence to analyze a common pattern of 
infection and carcinogenesis using keg analysis the main 
viral proteins were identified and taken for study. The 
sequences taken for study are listed in the table below.

The above tree shows vast evolution of the viral proteins. 
HTLV is the earliest known of the carcinogenic viruses. 
The evolution of the viruses based on the viral proteins 
takes place as two branches. The evolution takes place in 
clusters with the proteins of one virus most closely related 
to the other onco- proteins of the same virus. Although it is 
seen the EBV and HPV have common points of evolution. 
HBV and HPV viral protiens also  are seen to have common 
point of origin. One marked point of similarity is between 
the protein of HHV 8 and HPV 31, both owing to be 
cancer causing viruses of the epithelium. Hence from this 
analysis it can be concluded that no common primers or 
multiplexing technique can be employed to identify the 
cancer causing viruses. Since viruses are both of DNA and 
RNA in nature , the next phase of screening was based on 
the DNA viruses.

Phylogenetic analysis of the DNA viruses: The results 
from the phylogenetic analysis are depicted from Mega 
X. 

The interpretation of this tree was done by neighbor joining 
method.Evolutionary analyses were conducted in MEGA 
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X .The Maximum likelihood method infers the topology 
of the tree. HPV is the most diverged of the viruses in 
studied group.1,2,3 denotes the divergence patterns of the 
taxa .Order of evolution is from the tree is HTLV-1  , the 

next divergence in the codons evolution is EBV. The next 
evolution is KSHV  and the arm length . The most divergent 
is HPV which comes next in the series . The last of the 
evolution is MCV.

Table 1. List of Viral proteins taken for the study.
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The distances show evolution and variations in the codons. 
The HTLV-1 and EBV deal with lymphomas. The HH8 and 
MCV deal with skin cancers. Whereas, HPV deals with a 
group of specialized cells of the cervix, anus, penile etc.,  
forming carcinomas in the epithelium and metastases into 
the squamous cells. The evolution and divergence shows 
the increased ability of the cancers to establish in the 
specialized regions.

are altered for cancer development. This makes the MAP-
kinase pathway a reliable target for cancer therapy.

JAK –STAT pathway – plays a catalytic role in tumor 
progression .The pathway triggers tumor growth /metastasis 
or as an immune system modulator. The over stimulation 
of JAK/STAT pathway proteins leads to proliferation, 
progression, survival and metastasis of cancer cells.

Figure 1: Clustal omega based tree for viral evolution

Figure 2: Clustal W based phylogenetic tree

Phylogenetic analysis of proteins that trigger the MAP-
Kinase and JAK –STAT pathway:MAP Kinase pathway 
–Mitogen activated protein kinase pathway is involved 
in several organized and linked signaling cascades which 
often involve oncogenesis , tumor progression and drug 
resistance. MAPK are a group of kinases whose activities 

Figure 3: Phylogeny of DNA viruses using Mega X

Figure 4: Phylogeny of MAP-Kinase and JAK –STAT 
pathway using Mega X

Figure 5: Phylogeny of  proteins that block p53

The evolutionary history was inferred by using the 
Maximum Likelihood method .This analysis involved 4 
amino acid sequences. There were a total of 1133 positions 
in the final dataset. Evolutionary analyses were conducted 
in MEGA X (Kumar., et al .2018).The MAP-kinase and 
JAK –Stat pathway promotes immortalization through a 
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series of pathways. The proteins in the viruses coding for 
the initiation of these pathways were compared to see the 
evolutionary pathway. Based on the distances the HPV E7 
and TAX of HTLV1 are the most divergent. The LMP1 of 
the EBV and GPCR of KSHV are the intermediates in this 
evolutionary process. Phylogenetic analysis of proteins 
that block the p53 activity: P53 is attributed to promotion 
of apoptosis. p53 responds to factors such as DNA damage 
and promotes a cell cycle arrest by accumulation in the 
nucleus. If the DNA damage is irreparable then p53 
promotes cell death. Neighbor joining method was used 
for this phylogenetic analysis.Evolutionary analyses were 
conducted in MEGA X (Kumar., et al .,2018). 

The inactivation of p53 is one of the major steps in the 
establishment of carcinogenisis. The constant presence 
of the virus and multiplication helps in the establishment 
of carcinogenesis. This tree indicates EBNA-1 and E6 of 
HPV are most distantly related. KSHV, LANA and TAX1 
of  HTLV1. The evolution and mutation the species undergo 
is for the adaptation purpose. HPV is the most evolved 
of the studied viruses and this evolution has led to the 
many subtypes. Viral cancers take a long time to establish 
and convert to neoplasm and carcinogenesis. This is the 
key factor to curing the viral cancers. Viral cancer often 
manipulates pathways that coincide with the hall marks of 
cancer. The proteins that trigger and establish carcinogenesis 
have undergone evolution indicating them as the sources for 
detection / manipulation for treatment. Viral infections often 
provide the entropy that defines the genetic and phenotypic 
variation, hence manifesting itself as the driving force of 
cancer evolution (Tempera & Lieberman 2021).

Among the viruses EBV and KSHV are large DNA viruses 
who often cause solid tumours and lymphoid malignancies. 
HPV and MCPyV are smaller DNA genomes in size and 
cause wrats. Where oncogenic HPVs establish persistent 
infections in mucosal epithelia whereas MCPyV infects 
and likely persists latently in dermal fibroblasts. These 
small DNA oncogenic viruses promote tumorigenesis 
using relatively few multifunctional oncoproteins. HCV a 
reteroviral virus has genetic material as a positive-sense, 
HBV on the other hand are single stranded RNA virus,both 
infect hepatocytes and cause chronic liver inflammation, 
liver cirrhosis and hepatocellular carcinoma (HCC) ( 
Zuckerman, et al., 1997).

HTLV-1 is a human oncogenic retrovirus that affects T cells 
and can initiates adult T cell lymphoma  Deregulation of 
p53 and RB pathways is common mechanisms of most 
oncogenic viruses. The oncoproteins suppress p53 and RB 
by methods of degradation, inactivation, disassociation 
or repression (Tornesello, et al.,2018). The viruses have 
use different mechanisms for suppression, the proteins 
taken for the study are the main proteins that initiate the 
pathway. However the RB sequence is not part of all the 
viruses under study and mainly is only a part of the cancers 
involving epithelium.

Conclusion

The evolutionary study gives an insight to the mechanisms 
of evasion followed by the viruses and variations it 
undergoes over the years to thrive and hence providing an 
insight to treatment / prevention of the cancers. Form this 
study it can be concluded that a common target for viral 
cancers cannot be chosen. However, cancer causing viruses 
of similar organs ( eg. Epithelium) seem to have a common 
point of origin. Further studies with the mechanisms of 
these proteins may give us an insight into preventable 
targets for viral cancers.
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ABSTRACT
Cumin is the current leading currency earning crop in India, as per Agriwatch production estimate, Jeera production for 2021-22 
marketing period is estimated at 391,291 MT, generating 8,600 crore rupees. Despite its importance, cumin is threatened by a serious, 
destructive disease called Cumin Wilt, which is caused by Fusarium oxysporum. The disease's impact has reduced income at both 
the household and national levels. The current study was carried out to look into chemical control strategies for the disease. The 
research was carried out from November to March (Rabi season) in Ravipura Kampa, Gujarat, India. Field observation of infected 
cumin wilt was followed by laboratory isolation, characterization of the causative agent, and assessment of the effects of various 
fungicides. In chemical management different fungicides were used. In laboratory tests, F. oxysporum, which is characterized by 
whitish mycelia growth and chlamydospores, was found to be the causative agent of the cumin wilting symptoms.  There are two 
types of conidia: macro conidia and micro conidia. All the fungicides showed varying effects against F. oxysporum. This resulted in 
a complete stoppage of mycelial growth, followed by 5% EC formulation of Hexaconazole 2800 ppm, 50% WP CAPTAN3500ppm, 
Azoxystrobin 1600ppm, Azoxystrobin 11% + Tebuconazole 18.3% w/w SC 1000 ppm, Epoxyconazole + Flyxapyroxald 3500 ppm, 
Isopropanol azole 4000 ppm, Mancozeb 5000 ppm, Pyarclostrobin 13.3%+ Epoxyconazole 5% EC 4000 ppm, and Tebuconazole 
25.9% EC 2000 ppm.

KEY WORDS: Chemical Fungicides, Cumin, Fusarium Wilt, In Vitro.

 161

Bioscience Biotechnology Research Communications Vol 16 No (3) July-Aug-Sep 2023
P-ISSN: 0974-6455 E-ISSN: 2321-4007

Microbiology Communication

 
Article Information:*Corresponding Author: panchalrrce@yahoo.com
Received 15/07/2023 Accepted after revision 25/09/2023
Published: Sep 2023 Pp- 161-166
This is an open access article under Creative Commons License,  
https://creativecommons.org/licenses/by/4.0/.
Available at: https://bbrc.in/ DOI: http://dx.doi.org/10.21786/bbrc/16.3.5

 
Characterization and Chemical Management of Cumin  
wilt Disease Caused by Fusarium oxysporum 
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Department of Microbiology and Biotechnology, University School of 
Sciences, Gujarat University, Ahmadabad, Gujarat, India.

INTRODUCTION

India has been a land of spices and the largest producer, 
consumer, and exporter of spices. Rajasthan and Gujarat 
are the important states to produce cumin. The crop suffers 
from several diseases. Among the major threats to the 
cumin is wilt. When stem was cut longitudinally, brownish 
discoloration is observed. Mathur and Mathura (1956) 
reported wilt of cumin from Rajasthan and identified the 
casual organism to be Fusarium oxysporum. Based on host 
specificity, Patel and Prasad finally named it as Fusarium 
oxysporum f. sp. cumini. Fusarium is largest genus of 
filamentous fungi widely distributed in agricultural soils. It 
contains large number of destructive plant pathogens such 
as F. avenaceum, F. eumartii, F.oxysporum and particularly 
F. solani, which is potential cause of vascular wilt, root 
rot and fruit rot as well as influence seed germination in 

different host plants. The fungus is soil borne in nature and 
commonly found in all crop growing areas in world. The 
fungus belongs to ascomycetes and cause wilt disease of 
several important crops. Fungus produces micro conidia, 
macro conidia and chlamydospores, which persist in soil for 
several years. The pathogen is seed borne in nature too and 
transmits from one place to another through seed material 
(Watt, 2006,  Akter et al., 2021).

Crop plants are highly susceptible to attack of Fusarium 
spp. during the pre- and post-emergence stages (Nawar, 
2007). Pathogens can quickly develop in light sandy soils, 
triggering root rot disease in a variety of crops in different 
parts of the world (Celar, 2000). The fungus produces toxic 
substances that are responsible for inducing wilt symptoms 
in susceptible cultivars. Brown blotches form on the wilted 
area. The disease causes withering signs in the seedling stage. 
Plants are damaged during every phase of its development. 
The infected plants turn yellowish and show characteristic 
dropping of leaves leading to mortality of plant. Brown 



discolorations can also be seen on the vascular bundle, and 
the plants are easily pulled from the soil. Although there 
are a lot of approaches and procedures for controlling plant 
diseases, only a handful have been proven effective. The 
pathogen is managed using a combination of biological, 
cultural, and chemical methods. Varieties of systemic 
and non-systemic fungicides have been tested against the 
pathogen, having varied results. Several scientists have 
concluded that systemic fungicides are superior for disease 
management (Rafique et al., 2016).

MATERIAL AND METHODS

Isolation of pathogen: The Pathogen of cumin wilt was 
isolated from wilted part of cumin plant (Ravipura kampa-
Gujarat India). Small (5 by 5 mm) sections were excised 
from margins of browning stem bases and surface-sterilized 
in 75% ethanol for 10 sec, then sterilized in 0.5 % sodium 
hypochlorite for 1 min, followed by three rinses with sterile 
water. The fragments were then placed on to potato dextrose 
agar (PDA) and incubated at 27°C. Fungal growth was 
examined daily for up to7 days. Isolates were transferred 
to fresh PDA and purified by single-spore culturing. All 
fungal isolates were placed on fresh PDA slants and stored 
at 4°C Akter et al,.(2021).

Effect of temperature, carbon sources, different nutrient 
media, pH and salt on linear growth of pathogen: There 
were four temperatures selected for study 4°C, 28°C, 35°C 
and 40°C. Twelve sterile Petri-dishes with PDA medium 
were used (three plates for each treatment). With the help 
of 5 mm-diameter sterile cup borer a disc of inoculum of 
a 7- day old cultures, and then transferred to the center of 
each plate in close contact with the medium. The plates 
were incubated for 7 days at the following temperature 
range: 4°C, 28°C, 35°C and 40°C. The fungal growth was 
estimated daily by measuring the colony size and results 
were recorded for each degree of temperature, (Khilare  
and Ahmed, 2012).

Effect of carbon sources on linear growth of pathogen was 
investigated by using four different sources. Those carbon 
sources were dextrose, sucrose, maltose and starch. The 
amount of 2.0 gm of each sugar was added to the potato agar 
medium. The Petri-dishes were inoculated with 2 mm disc 
taken from 7 days old culture of the isolate and incubated 
in complete darkness at 28°C for 7 days. Readings were 
taken daily by measuring the growth diameters and the 
average was recorded. 

Effect of different nutrient medium on linear growth of 
pathogen was assessed by taken five types of media those 
were potato dextrose agar (PDA), malt extract agar (MEA) 
and Czepek's Dox agar, Rose bangle agar, white bran 
medium. Four plates (9 cm diameter) were prepared from 
each medium and then the plates were inoculated with 5 
mm disc from 7 days old culture of isolate. The plates were 
incubated in complete darkness for 7 days at 28°C and then 
the rate of fungal growth was estimated daily by measuring 
the colony size ( Chittem and Srikant Kulkarni, 2008)

Effect of pH and salinity on linear growth of pathogen: 
5.0, 6.0, 7.0, 8.0 and 9.0 pH were taken. The pH was 
adjusted in PD Amedium. Salinity was adjusted with NaCl 
in medium. Four concentrations of NaCl were taken for 
study 0.10,0.25,0.50and0.75percent were maintained. All 
Petri plates were incubated at 28°C for a week.  Radial 
growth observations were taken at 24 hour intervals up to 
one week, radial growth was measured by scale Gordon 
et al, (2019).

Effect of different fungicides on pathogen at laboratory 
level: 5% EC formulation of Hexaconazolek, 50% WP 
CAPTAN, Azoxystrobin, Azoxystrobin 11% + Tebuconazole 
18.3% w/w SC, Epoxyconazole + Flyxapyroxald, 
Isopropanol azole,  Mancozeb, Pyarclostrobin 13.3%+ 
Epoxyconazole 5% EC, and Tebuconazole 25.9% EC 
Fungicide tested to analyze their effect on growth of 
pathogen . Each fungicides was dissolved in water to 
obtain a final concentration  100 ppm, 500 ppm, 1000 
ppm, 1500 ppm, 2000 ppm, 2500 ppm, 3000 ppm, 3500 
ppm, 4000 ppm, then inoculated into sterile PDA with 
three replicate.

These  five dilutions for each chemical were made based 
on their recommended dose. Three plates poured with PDA 
medium served as control. Then 5 mm disc was cut from 
the edge of 7 days old culture of the fungus and disc was 
placed in the center of Petri dish and kept in BOD incubator 
for 8 days for the full growth of fungus was observed, in 
case of control where no chemicals were applied in medium. 
The inhibition in the radial growth of pathogen mycelium 
was recorded and percent inhibition in the mycelium of 
pathogen was recorded by comparing the mycelial growth 
of fungus in the treated plates with control. The effect of 
each chemical was evaluated as percentage of reduction 
(Sultana & Ghaffar 2010).
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Figure 1: Wilted cumin sample
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Figure 2: Growth of pathogen on PDA

Figure 4

Where: R = dc – dt x 100/dc 25   Whereas: 
R = Percentage of reduction

dc = diameter of control colony      
dt = diameter of treatment colony

RESULTS AND DISCUSSION

In the present study, the experiments were carried out 
under laboratory conditions including all the available 

Figure 5

Figure 3: Microscopic observation of macro and micro 
conidia

management practices and further their efficacy was tested 
in farm conditions. Standard tissue isolation technique was 
followed to get culture of causal organism from the wilted 
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reported by Altinok (2005) and Mac Hardy and Beckman 
(1981). Isolated fungal pathogens were identified based on 
cultural and microscopic characteristic and  using   available  
literatures. Altinok (2005) and Mwaniki et al. (2011) 
isolated F. oxysporum from the eggplant vascular  tissues 
in Tanzania. Sahar et al. (2013) also isolated Fusarium 
oxysporum from infected roots of egg plant in Pakistan. 
F. oxysporum was isolated from Fusarium wilt of tomato 
plant by  Amini and Sidovich (2010). F.oxysporum was  also 
isolated from roots and stem of wilt infected tomato plant 
(Nirmaladevi and Srinivas, 2012 and  Joshi et al., 2013).

Chemical agents used were found to be effective for the 
inhibition of mycelial growth of Fusarium oxysporum 
under in vitro conditions (Table 1).  Khan et al. (1997) and 
Sharma (2006) found that Bavistin completely inhibited 
the mycelial growth of  F. oxysporum. Hossain and Bashar 
(2011) also reported that complete inhibition of mycelial 
growth was observed in Fusarium oxysporum and F. 
pallidoroseum with Dithane M-45 and Cupravit at 50 and 
800 ppm concentrations, respectively. The effectiveness 
of these fungicides against other fungi has been reported 
(Daradhiyar, 1980; Sommer, 1982; Kalra and Sokhi, 1985; 
Singh et al., 1997; Patel et al., 2005; Banyal et al., 2008).

plants (figure 1), showing the symptoms. Fusarium was 
isolated consistently from wilted cumin sample. Repeated 
sub-culturing was done to obtain pure culture on basal 
medium PDA (figure 2).

Hyphal tip method was used to obtain pure culture as 
detailed in material and methods. The pathogen was 
identified as based on their morphological and cultural 
characters as F.oxysporum by referring to Booth (1971)

Cultural studies: Cultural characters were studied on five 
different solid media and four carbon sources were studied 
to analyze effect of carbon source on linear growth of 
pathogen, maximum growth was observe in Potato dextrose 
agar medium, dextrose and  sucrose carbon source. For the 
majority of the isolates, the 27°C temperature, pH of 6, and 
salt content of 0.25 percent resulted in the fastest in vitro 
radial growth.

The symptoms of Fusarium  wilt caused by Fusarium  
oxysporum appeared as  leaf chlorosis, yellowing of foliage 
followed by  wilting and dropping of leaves. The xylem 
became brown in colour of the stem and finally death 
of the above ground parts. Similar symptoms were also 

No.	 Trade name 	 Name of active	 Concentration	 Radial
	 of fungicides	 compound	 of fungicides	 growth (mm)

1	 Folicur	 Tebuconazole	 2000ppm	 0.00
2	 Amistar Top	 Azoxystrobin	 1500ppm	 0.00
3	 Opera	 Pyarclostrobin
		  + Epoxyconazole	 4000 ppm	 0.00
4	 Adexar	 Epoxyconazole +
		  Flyxapyroxald	 3500 ppm	 0.00
5	 Custodia	 Azoxystrobin + 
		  Tebuconazole	 1000 ppm	 0.00
6	 Curzate M8	 Cynoacetamide	  3500 ppm	 0.00
7	 Dithane M45	 Mancozeb	 5000 ppm 	 0.00
8	 Captaf	 WP  Captan	 3500 ppm	 0.00
9	 Contaf	 Hexaconazole, Triazol	 2800 ppm	 0.00
10	 Azaka	 Azoxystrobin	 1600 ppm	 0.00

Table 1. Effect of chemical fungicides against F. oxysporum f. sp. cumini

The pathogen was identified as based on their morphological 
and cultural characters as F. oxysporum by referring to Booth 
(1971). Generated Sequence from the Microbial Sample 
(CWP-1). DNA sequence was submitted to NCBI; accession 
number of DNA sequences is OR178141.1. Furthermore, 
Fusarium oxysporum f. sp. cumini was confirmed to be the 
causative agent of cumin wilt disease.

Among the fungicides tested in this study Folicur treatment 
reduced mycelium development at concentrations ranging 
from 500 ppm to 2000 ppm, similar to our founding 
Shcherbakova et al., 2020, reported Folicur at 400 ppm 
completely suppressed the germination of the pathogen. 

Our findings of Custodia fungicide demonstrated that 
the fungicide was successful in stopping all mycelia 
development between 500 ppm and 1000 ppm, similarly, 
500 ppm concentration of Custodia exhibits a fungistatic 
action, Poussio et al., 2021. Opera was successful in 
inhibition of all mycelial development between 2500 ppm 
and 4000 ppm, 500 to 1500 parts per million concentrations 
of Amistar top fully inhibited growth of mycelia; similar to 
our study Amistar top 500 and 1000 ppm and opera 2500, 
3000 ppm were concluded to be fungistatic and strongly 
suppressed the mycelial development of F. oxysporum f. 
sp. lycopersici, according to Chavan et al., 2021. Curzate 
M8 successfully impeded mycelial growth from 1500 



ppm to 3500 ppm. At doses between 1600 and 2800 ppm, 
Contaf fungicide proved to be effective. Similar to our 
investigation, Khamari and Patra's 2018 reported Curzate 
M8 - 1000 ppm has 99.60 % mycelial inhibitions and 1000 
ppm of contaf was effective on Fusarium spp. 

Mycelia had been significantly reduced by Dithen M45 
between 3500 ppm. At doses between 1600 and 2800 ppm, 
Contaf fungicide proved to be effective. Similar to our 
investigation, Khamari and Patra's 2018 reported Curzate 
M8 - 1000 ppm has 99.60 % mycelial inhibitions and 1000 
ppm of contaf was effective on Fusarium spp. Mycelia 
had been significantly reduced by Dithen M45 between 
3500 and 5000 ppm. Similarly, Hossain and Bashar 2011 
reported complete inhibition of mycelial growth with 
Dithane M-45.

Azaka concluded to be of an effective dose range of 400 
ppm to 1600 ppm, similarly using 0.030% (300 ppm) 
Azaka (Azoxystrobin 18.2% + Difenoconazole 11.4 %), 
Undhad et al., 2022 achieved 98.80 % mycelial inhibition. 
Wieczyński, et al., 2016 found similar results Captaf, 2000 
ppm and 3500 ppm was the efficacious dosage shown in 
our results, similar results were obtained by Garkoti et al., 
2013. Song et al. (2022) also reported that Tebuconazole 
25.9% EC was found to be the most effective fungicide in 
inhibiting the mycelial growth of F. oxysporum in solidified 
poisoned PDA observed. 

Similarly, among non-systemic fungicides, Mancozeb has 
the best performance and this result is supported by the 
findings of Singh et al., 2000.  They recorded Mancozeb to 
be best for growth inhibition of F. solani and F. oxysporum. 
Allen et al., 2004 also recorded percent inhibition of all 
four Fusarium species by Mancozeb. The findings of the 
present study are in agreement with those of Pandey et al., 
2005). They reported that Fusarium is best controlled by 
the use of Mancozeb. 

CONCLUSION

The observed wilt syndromes on cumin fields are the fungal 
disease symptoms caused by a soil borne pathogen known 
as Fusarium oxysporum. Salinity, pH, carbon source and 
temperature have a significant effect on fungal growth. 
These characteristics can aid in disease monitoring and 
raising farmer awareness.
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ABSTRACT
Birds have ecological value and constitute a vital element of the natural system, being  important  bio-indicators of the ecosystem. They 
also play an important role in seed dispersion, pest control and food chain. As there is a lack of data regarding avian diversity and its 
abundance in  large reservoirs, the present study was carried out to determine the diversity and abundance of avian fauna at the Upper 
Wardha Reservoir of Maharashtra State, India. Five stations were selected and data were recorded from each station. Each site was visited 
four times in a month and point count method was used to collect the data. Total 151 bird species were recorded.  Out of which, 84 species 
(belonging to 20 families), were of wetland birds and 67 species (belonging to 22 families) were wetland associated. The diversity indices, 
species evenness, relative density and abundance were studied. In this study, probably for the first time, we have recorded the significant 
sighting of Greater white-fronted goose. We also recorded occasional sighting of Grey lag goose, Barr headed goose, Oriental pratincole 
and Glossy ibis. It was also found that freshwater reservoir acts as a suitable habitat for significant avian diversity and species richness. 

KEY WORDS: Abundance, Avian, Amravati, Diversity, Wetland, Upper Wardha Reservoir, 
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INTRODUCTION

The Indian subcontinent is very rich in biodiversity. India 
hosts 1340 species (13 %), of birds out of the total 9000 birds 
species that are found in the world.  Ali and Ripley (1987) 
considered 176 species endemic to the Indian subcontinent. 
Grasslands, Wetlands and wetland associated habitat provide 
appropriate dwelling places for these organisms. Out of 1340 
species of the Indian subcontinent more than 577 species 
have been reported from Maharashtra State. In Vidarbha, a 
total of 417 species have been reported and overall Amravati 
district has 392 birds, species (Anon 2009,  Kasambe 2016,  
Wadatkar et al., 2016, Praveen et al 2022).

Wagh and Tiwari, (2019) Wagh et al (2020)  have  studied  
the diversity and abundance of avian fauna  in MIDC area 
of Amravati, similarly  (Puri et al., 2020) surveyed  water 
birds from Bodalkasa, Chorkhamara and Khairbandha 
Lakes of Gondia district, Maharashtra state (India). The 
diversity of birds in Simbhora Reservoir, Morshi, Amravati 
has been studied by Fule (2017). Simbhora reservoir 
inhabits several local and migratory bird.  The biodiversity 

in the wetland is not studied in depth. Comparative studies 
of avian community composition in different habitats 
including wetlands, wetland associated habitat, forests, 
grasslands and even in urban and sub-urban areas can 
improve our knowledge of general patterns and processes 
that characterize bird species and communities.

Birds that depend on wetland and wetland associated 
vegetation have experienced a greater decline than any other 
habitats. Habitat loss and degradation of winter foraging and 
breeding ground were observed as leading causes of this 
decline. (Mankadan 2014, West, 2016, Johnson et al., 2019).  
As this Wardha  reservoir is one of the largest one, supporting 
many bird species, the present  study been made for the 
documentation of diversity, species richness, abundance 
and evenness wetland birds and wetland associated birds 
to know the present status of avian fauna.

MATERIAL AND METHODS

The present study was carried out from January 2022 to 
May 2022 in the Upper Wardha reservoir, Morshi. Five 
stations were selected in the study area and data were 
recorded from each station (Dam gate site, Fishing area near 
Nariman point, ITI Morshi backside, Durgwada village site 



and MIDC Morshi site).  Monthly four visits were made at 
each station (Table 1).

Upper Wardha reservoir is an open water body that holds 
tremendous potential for optimizing fish production in 
the country. Upper Wardha reservoir, also known as 'Nal 
Damayanti Sagar,' is constructed on the River Wardha, a 
tributary of the Godavari River, near the Simbhora village in 
Morshi taluka of Amravati district, Maharashtra. Although 
being one of the large reservoirs of Maharashtra (Total 
area at FRL 9748 ha; latitude-longitude at 21.2764° N 
and 78.0572° E) supporting the livelihood of thousands 
of villagers residing around the reservoir (noted during 
primary field data collection). It can be classified as a 
lacustrine wetland. It has periodically open mudflats and 
serves as the best foraging and breeding ground for residents 
as well as migratory wetland birds, (Fig.1).

book of Wetland and water birds of Amravati district (Wagh  
2019). Observation were done using Nikon 8-16x40 mm 
Binocular. Photographic observations were taken by using 
Nikon D90, D5600 DSLR Camera with 70-300mm and 80-
400mm Zoom lenses and 18-105mm normal lens. A Garmin 
TM 60 geographic positioning system (GSP) was used to 
mark each coordinates point of the study area.

Statistical Analysis: Biological diversity indices were 
calculated to compare studied sites. Various species 
diversity indices including Shannon–Wiener species 
diversity index (H), and Simpson index (D) were calculated 
(considering January to May for monitoring). The diversity 
indices were calculated and compared for both the habitats. 
Equally, the number of species, families, and abundance 
were calculated and compared through one-way ANOVA 
(Kruskal-Wallis Test) all analysis were performed using 
Software PAST version 4.03.

RESULT AND DISCUSSION

In the present study total 151 bird species were recorded 
from the study area. Out of which, 84 species (n = 795; 
belonging to 20 families) of wetland birds and 67 species 
(n = 915; belonging to 22 families) of wetland associated 
birds were recorded.  The study area is richly diversified 
with patches of wetland associated habitat and wetland 
all over the Upper Wardha reservoir (Table 2&3). In the 
wetland habitat, maximum 16 Species from Anatidae family 
and in the wetland associated habitat, maximum 08 Species 
from Accipitridae family were recorded ( Fig 2 and Fig. 3). 
Recorded birds species were also categorized as per the 
recent IUCN’s list of threatened species (Bird life 2020)  
Table:5 and Fig.5. 

Data Analysis: The diversity indices, species evenness, 
relative density, species abundance were studied. For the 
wetland birds diversity, Simpson Diversity Index was 
0.9539, Shannon Diversity Index was 3.775, relative 
density was 10.56 and evenness was 0.519.  Similarly 
in wetland associated area Simpson Diversity Index was 
0.9654, Shannon Diversity Index was 3.761, relative 
density was 07.322 and evenness was 0.6416. Whereas   
abundance on the Upper Wardha reservoir was 1710 (Table 
4). Kruskal-Walli’s test for equal medians H (chi2): 11.16 
Hc (tie corrected): 11.24 p (same):0.0008014. There was a 
significant difference in the avian diversity between wetland 
habitat and wetland associated habitat in the Upper Wardha 
Reservoir. (Fig.4).

R- Widespread Resident, W- Widespread Winter Visitor, 
PV- Passage visitors, RM- Resident Migrant, BM- Breeding 
Migrant, V- Vagrant or irregular visitors.

IUCN’s list of Threatened species (2020), categorized 
as Least Concerned (LC), Near Threatened (NT) and 
Vulnerable (VU).

R- Widespread Resident, W- Widespread Winter Visitor, 
PV- Passage visitors, RM- Resident Migrant, BM- Breeding 
Migrant, V- Vagrant or irregular visitors.
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Figure 1: Map showing the study area (Upper Wardha 
Reservoir) Amravati M.S.

Station	 Birding Sites	                 Coordinates
Numbers		  Latitude 	 Longitude
		  (N)	 (E)

Station 1	D am gate site 	 21.272310o	 78.059963o

Station 2	 Fishing area near	 21.309220o	 78.024225o

	 Nariman point
Station 3	 ITI Morshi backside	 21.316585o	 78.028042o

Station 4	D urgwada village site	21.342680o	 78.051739o

Station 5	 MIDC site	 21.357937o	 78.060284o

Table 1. The Co-ordinates of Study area.

Birds Survey and Identification: Point Count and Line 
Transects methods were used to study avian diversity 
in wetland and wetland associated habitat (periphery of 
the reservoir). This methodology also helps to determine 
their abundance in a given research area. Potential sites 
were selected. Observations were made during 6:30 am 
to 10:00 am and 5:00 pm to 6:30 pm. At each site birds 
were counted using a binocular. Birds were identified 
and listed with the help of available resources, books and 
checklist Ali and Ripley (1987), Grimmet et al., (2000). 
Rasmussen, and Anderton,  (2012), (Sangha, 2021) and 
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IUCN’s list of Threatened species (2020), categorized 
as Least Concerned (LC), Near Threatened (NT) and 
Vulnerable (VU). 

In this study, probably for the first time, we have  reported  
Greater white-fronted goose from the study area and 
it was a significant record for the Amravati district of 

Maharashtra state.  The study site serves as suitable habitat 
for diversity and species richness of avian fauna (Plate1). 
As per the IUCN status, in the wetland habitat, out of the 
total 89 % birds species were least concerned, 8 % were 
near threatened and 03% were vulnerable species. While in 
wetland associated habitat, all the recorded avian species 
were least concerned. The recorded bird’s species were also 
classified according to their migration status.

Sr. No.	 Common Name	 Scientific Name	 Family	 ST	 IUCN Status

1	L esser Whistling Duck	D endrocygna javanica	D ENDROCYGNDIAE (1)	 R	LC
2	 Bar-Headed Goose	 Anser indicus	 ANATIDAE (16)	 W	LC
3	N orthern Pintail	 Anas acuta		  W	LC
4	C ommon Teal	 Anas crecca		  W	LC
5	 Indian  Spot -Billed Duck	 Anas pocilorhyncha		  R	LC
6	 Gadwall	 Anas strepera		  W	LC
7	 Garganey	 Anas  querquedula		  W	LC
8	N orthern Shoveller	 Anas clypeata		  W	LC
9	 Eurasian Wigeon	 Anas penelope		  W	LC
10	 Ruddy  (Brahminy) duck	 Tadorna ferruginea		  W	LC
11	C omb Duck	 Sarkidiornis melanotos		  W	LC
12	 Red-Crested Pochard	 Rhedonessa rufina		  W	LC
13	C ommon Pochard	 Aythya ferina		  W	V U
14	 Ferruginous Pochard	 Aythya nyroca		  W	N T
15	 Tufted Duck	 Athya fuligula		  W	LC
16	C otton Pigmy goose	 Nettapus coromandelianus		  R	LC
17	 Greater White-Fronted Goose	 Anser albifront		V	LC  
18	 Common Kingfisher	 Alcedo atthis	 ALCEDINIDAE (1)	 R	LC
19	 White-Throated Kingfisher	 Halcyon smyrnensis	H ALCYONIDAE (1)	 R	LC
20	 Pied Kingfisher	 Ceryle rudis	C ERYLIDAE(1)	 R	LC
21	 Blue-Tailed Bee-eater	 Merops philippinus	 MEROPIDAE(1)	 BM	LC
22	 White- breasted Waterhen	 Amanrornis phoenicurus	 RALLIDAE (4)	 R	LC
23	P urple Swamphen	 Porphyrio porphyrio		  R	LC
24	C ommon Moorhen	 Gallinula chloropus		  R	LC
25	C ommon Coot	 Fulica atra		  R	LC
26	 Black-tailed Godwit	 Limosa limosa	 SCOLOPACIDAE (13)	 W	N T
27	P intail Snipe	 Gallinago stenura		  W	LC
28	C ommon Greenshank	 Tringa nebularia		  W	LC
29	 Spotted Redshank	 Tringa Erythropus		  W	LC
30	 Wood Sandpiper	 Tringa glareola		  W	LC
31	 Green Sandpiper	 Tringa Ochropus		  W	LC
32	C ommon Sandpiper	 Actitis hypoleucos		  W	LC
33	 Eurasian Curlew	 Numenius orauata		PV	LC  
34	L ittle Stint	 Calidris minuta		  W	LC
35	 Ruff	 Calidris pugnax		P  W	LC
36	C urlew Sandpiper	 Calidris ferruginea		PV	N   T
37	 Marsh Sandpiper	 Tringa stagnatilis		  W	LC
38	D unlin	 Calidris alpina		  W	LC
39	P heasant-Tailed Jacana	 Hydrophasianus chirurgus	 JACANIDAE (2)	 R	LC
40	 Bronze-winged Jacana	 Metopidius indicus		  R	LC
41	 Indian Stone Curlew	 Burhinus indicus	 BURHINIDAE (2)	 R	LC
42	 Great Thick-knee	 Esacus recurvirostris		  R	LC
43	 Black-winged Stilt	 Himantopus himantopus	CH ARADRIDAE (5)	 RM	LC

Table 2. Systematic checklist of Wetland avian fauna recorded from study area
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Table 2 Continue

44	L ittle-Ringed Plover	 Charadrius dubius		  W	LC
45	 Kentish Plover	 Charadrius aleandrinus		  BM	LC
46	Y ellow-Watteled Lapwing	 Vanellus malabaricus		  R	LC
47	 Red wattled Lapwing	 Vanellus indicus		  R	LC
48	 Small Platincole	 Glareola lactea	 GLAREOLIDAE (2)	 R	LC
49	 Oriental Platincole	 Glareola maldivarum		  BM	LC
50	 Brown Headed Gull	 Larus brunnicephalu	L ARIDAE (7)	 W	LC
51	 Black Headed Gull	 Larus ridibundus		  W	LC
52	P alas’s Gull	 Larus ichthyaetus		  W	LC
53	 Gull-billed Tern	 Gelochelidon nilotica		PV	LC  
54	 River Tern 	 Sterna aurantia		  RM 	N T
55	L ittle Tern	 Sterna albifront		  BM	LC
56	 Whiskered Tern	 Chlidonias hybridus		  W	LC
57	L ittle Grebe or (Dabchick)	 Tachybaptus ruficollis	P ODICIPEDIDAE (1)	 R	LC
58	D arter	 Anhinga melanogaster	 ANHINGIDAE (1)	 R	N T
59	L ittle Cormorant	 Phalacrocorax niger	PH ALACROCORACIDAE(3)	 R	LC
60	 Indian Cormorant	 Phalacrocorax fuscicollis		  R	LC
61	 Great Cormorant	 Phalacrocorax carbo		  R	LC
62	L ittle Egret	 Egretta garzetta	 ARDEIDAE(11)	 R	LC
63	 Great Egret	 Casmerodius albus		  R	LC
64	 Intermediate Egret	 Mesophoyx intermedia		  R	LC
65	C attle Egret	 Bubulcus ibis		  R	LC
66	 Grey Heron	 Ardea cinerea		  R	LC
67	P urple Heron	 Ardea purpurea		  R	LC
68	 Striated Heron	 Butorides striatus		  R	LC
69	 Indian Pond Heron	 Ardeola grayii		  R	LC
70	C innamon Bittern	 Ixobrychus cinnamomeus		  R	LC
71	Y ellow Bittern	 Ixobrychus sinensis		  R	LC
72	 Black Bittern	 Dupetor flavicollis		  R	LC
73	 Glossy Ibis	 Plegadis falcinellus	PH OENICOPTERIDAE(4)	 W	LC
74	 Black Headed Ibis	 Threskiornis melanocephalus		  R	N T
75	 Black Ibis	 Pseudibis papillosa		  R	LC
76	 Eurasian Spoonbill	 Platalea leucorodia		  RM	LC
77	P ainted Stork	 Myeteria leucocephala	C ICONIDAE (3)	 RM	N T
78	 Asian Openbill	 Anastomus oscitans		  W	LC
79	 Woolly-Necked Stork	 Ciconia episcopus		  R	V U
80	 White Wagtail	 Motacilla alba	P ASSERIDAE (5)	 W	LC
81	 White-browed Wagtail	 Motacilla maderaspatensis		  R	LC
82	C itrine Wagtail	 Motacilla citreola		  W	LC
83	Y ellow Wagtail	 Motacilla flava		  W	LC
84	 Paddy-field pipit	 Anthus rufulus		  R	LC

R- Widespread Resident, W- Widespread Winter Visitor, PV- Passage visitors, RM- Resident Migrant, BM- Breeding Migrant, 
V- Vagrant or irregular visitors. IUCN’s list of Threatened species (2020), categorized as Least Concerned (LC), Near Threatened 
(NT) and Vulnerable (VU).

In the wetland habitat, 38 wide spread resident, 34 winter 
visitors, 4 breeding migrants, 3 passage visitors and 01 
vagrant or irregular visitor’s species of birds were recorded.  
In wetland associated habitat, 56 resident species and 10 
winter visitor species of birds were recorded (Table 6 & 
Fig.6). The Upper Wardha reservoir have extensive wetland 
associated region that supports the large number of birds 
species including wetland birds,  which provides  places 
for feeding and roosting and hence, it is a preferred habitat 
for various migratory and resident birds.

Birds like Green Bee-eater, Red-vented Bulbul, Indian 
Robin, Common Myna, House Sparrow, Black Drongo, 
House Crow, Grey Francolin, Bluethroat were amongst 
the most sighted  species in the wide spread  wetland 
associated area. This area also hosts a wide-ranging duck 
population. This wetland also hosts a variety of other 
migrating ducks which migrate from the colder regions 
like Siberia and Mongolia, Russia for various reasons.  
Migratory birds recite here for definite period and one of 
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such very rare fascinating migratory bird is Greater-White 
Fronted Goose (Anser albifront) which visits the Upper 

Wardha reservoir. Barr headed geese is winter visitor for 
upper Wardha reservoir.

Sr. No.	 Common Name	 Scientific Name	 Family	 ST	 IUCN Status

1	 Grey Francolin	 Francolinus pondicerianus	PH ASIANIDAE (5)	 R	LC
2	C ommon Quil	C oturnix coturnix		  W	LC
3	 Rain Quail	C oturnix coromandelica		  R	LC
4	P ainted Bush Quil	 Turnix suscitator		  R	LC
5	 Indian Peafowl	P avo cristatus		  R	LC
6	 Yellow-Crowned Woodpecker	D endrocopos mahrattensis	P ICIDAE(3)	 R	LC
7	 Golden-rumped Flameback	D inopium benghalense		  R	LC
8	C ommon Flame Black	D ryocopus javensis		  R	LC
9	C oppersmith Barbet	 Megalaima haemacephala	 MEGALAIMIDAE (1)	 R	LC
10	 Indian Grey Hornbill	 Ocyceros birostris	 BUCEROTIDAE (1)	 R	LC
11	 Green Bee-Eater	 Merops orientalis	 MEROPIDAE(1)	 R	LC
12	C ommon Hawk Cuckoo	H ierococcy varius	C UCULIDAE (2)	 R	LC
13	 Asian Koel	 Eudynamys scolopacea		  R	LC
14	 Greater Coucal	 Centropus (senensis) parroti	C ENTROPODIDAE (1)	 R	LC
15	 Barn Owl	 Tyto alba	 TYTONIDAE(1)	 R	LC
16	 Spotted Owlet	 Athene brama	 STRIGIDAE(2)	 R	LC
17	 Eurasian Collared Dove	 Streptopelia decaocto	C OLUMBIDAE (4)	 R	LC
18	 Red Collared –Dove	 Streptopelia tranquebarica		  R	LC
19	 Spotted Dove	 Streptopelia chinensis		  R	LC
20	L aughing Dove	 Streptopelia senegalensis		  R	LC
21	 Black-shouldered Kite	 Elanus caeruleus	 ACCIPITRIDAE (8)	 R	LC
22	 Black Kite	 Milivus migrans		  R	LC
23	 Shikra	 Accipiter badius 		  R	LC
24	 Osprey	P andion haliaetus		  W	LC
25	 Montagu’s Harrier	C ircus pygarguss		  W	LC
26	 Eurasian Marsh Harrier	C ircus aeruginosus		  W	LC
27	P ied Harrier	C ircus melanoleucos		  W	LC
28	 Short toed Snake Eagle	C ircaetus gallicus		  R	LC
29	C ommon Kestrel	 Falco tinnunculus	 FALCONIDAE (1)	 R	LC
30	 Bay-backed Shrike	L anius vittatus	L ANIIDAE (3)	 R	LC
31	L ong-tailed Shrike	L anius schach		  R	LC
32	 Brown Shrike	L anius cristatus		  W	LC
33	H ouse Crow	C orvus splendens	C ORVIDAE (5)	 R	LC
34	L arge Billed (Jungle) Crow	 Crow Corvus macrorhynchos		  R	LC
35	C ommon WoodShrike	 Tephrodomis  pondicerianus		  R	LC
36	 Small Minivet	 Pericrocotus cinnamomeus		  R	LC
37	 Black Drongo	D icrurus macrocercus		  R	LC
38	 Bluethroat	L uscinia svecica	 MUSCICAPIDAE (5)	 W	LC
39	 Orientle Magpie Robin	C opsychus saularis		  R	LC
40	 Indian Robin	 Saxicoloides fulicata		  R	LC
41	C ommon Stonechat	 Saxicola torquata		  W	LC
42	P ied Bush Chat	 Saxicola caprata		  R	LC
43	 Brahminy Starling	 Sturnus pagodarum	 STURNIDAE (4)	 R	LC
44	 Rosy Starling	 Sturnus roseus		  W	LC
45	 Asian Pied Starling	 Sturnus contra		  R	LC
46	C ommon Myna	 Acridotheres tristis		  R	LC

47	D usky Crag Martin	H irundo concolor	H IRUNDINIDAE (4)	 R	LC

Table 3.  Systematic checklist of Wetland associated Avian Fauna  recorded from study area.
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48	 Barn Swallow	H irundo rustica		  W	LC
49	 Wire tailed Swallow	H irundo smithii		  R	LC
50	 Red Rumped Swallow	H irundo daurica		  R	LC
51	 Red vented Bulbul	P ycnonotus cafer	PYCN ONOTIDAE (1)	 R	LC
52	 Zitting Cisticola	C isticola juncidis	C ISTICOLIDAE (4)	 R	LC
53	 Jungle Prinia	P rinia sylvatica		  R	LC
54	 Ashy Prinia	P rinia socialis		  R	LC
55	P lain Prinia	P rinia inornata		  R	LC
56	 Indian Bush Lark	 Mirafra erythroptera	 ALAUDIDAE (5)	 R	LC
57	 Ashy- Crowned Sparrow Lark	 Eremopeteri grisea		  R	LC
58	 Rufous-tailed Lark	 Ammomanes phoenicurus		  R	LC
59	 Greater Short-toed Lark	C alandrella brachydactyla		  W	LC
60	 Sykes’s Lark	 Galerida deva		  R	LC
61	P urple Sunbird	N ectarinia asiatica	N ECTARINIDAE (1)	 R	LC
62	H ouse Sparrow	P asser domesticus	P ASSERIDAE (6)	 R	LC
63	 Baya Weaver	P loceus philippinus		  R	LC
64	 Red Avadavat	 Amandava amandava		  R	LC
65	 Sliver-bill Munia	L onchura striata		  R	LC
66	 Black headed Munia	L onchura malacca		  R	LC
67	 Scaly-breasted Munia	L onchura punctulata		  R	LC

R- Widespread Resident, W- Widespread Winter Visitor, PV- Passage visitors, RM- Resident Migrant, BM- Breeding Migrant, 
V- Vagrant or irregular visitors. IUCN’s list of Threatened species (2020), categorized as Least Concerned (LC), Near Threatened 
(NT) and Vulnerable (VU).

Figure 2: Graph showing family-wise birds species number 
recorded from wetland habitat.

Figure 3: Graph showing family-wise birds species number 
recorded from wetland associated area.
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S.N.	 Observations	 Wetland	 Wetland
		  Bird Species	 Associated
			   Bird Species

1.	 Species numbers	 84	 67
2.	 Total Individuals	 795	 915
3	 Simpson Diversity Index [D]	 0.9539	 0.9654
4	 Shannon Diversity Index [H]	 3.775	 3.761
5	 Evenness 	 0.519	 0.6416
6	 Relative density	 10.56	 07.322
7	 Fisher alpha	 23.72	 16.65

Table 4. Summary of Data Analysis.

Figure 4: Diversity of Avian species in Upper Wardha 
Reservoir, Morshi, Amravati, Maharashtra.

Figure 5: Diagram showing IUCN status of birds in Upper 
Wardha Reservoir.

Figure 6: Diagram showing percentage of resident (R) and 
migratory (M) birds in Study Area.

Figure 7: Diagram showing the percentage of in Wetland 
(Duck, Waders) and Wetland associated birds.

In the Wetland habitat; Storks, Sandpipers, Plovers, Ducks, 
Water Hens, Gulls, Terns and many other waders were 
recorded. The wetland patches also host the large number 
of migratory birds such as Bar-headed Geese which migrate 
in the study site in large numbers. Apart from these, little 
waders including Stints, Plovers, Pratincole and Sandpipers 
also sighted in large numbers (Fig.4).

In the Wetlands habitat, maximum number of bird’s species 
was recorded from the Scolopacidae and Anatidae family 
which include Snipes, Sandpipers, Shanks, and Stints. 
Their abundant number was due to the Food and foraging 

preference they exhibit. Bar-headed Goose prefers small 
lush green grasses around the water bodies. Other regular 
visitors were Painted Stork, Asian Openbill stork and 
Woolly Necked Stork is a member of the Stork family, 
which was found in the wetlands, and prefers fishes as 
a major food item. Hence, their presence in the studied 
wetlands was justifiable.

While wading across the banks of the water body, these 
birds constantly search for small fishes, snails, plants and 
invertebrates. Regular surveys for diversity study and 
awareness among the people should be conducted for a 
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real assessment of environmental conditions prevailing in 
the area. The number of birds recorded during this study 
period was compared with earlier records (Wagh et.al 
.2015), and it was found in decreasing trend, particularly 
the abundance of waders.

To mitigate these issues, there is an urgent need of 
patrolling in the more sensitive areas, particularly during 
the breeding season. For the long-term management of 
this water body, there is a urgent need to spread awareness 
among the local peoples about these issues. So that they 
can also contribute for the conservation and management 
activities in collaboration with Government authorities, 
local administration and various NGOs. The present study 
provides the baseline data of Avian diversity at Upper 
Wardha Reservoir Morshi and this data will help for various 
conservation and management activities in near future.

CONCLUSION

In the present study, 151 bird’s species (84 species from 
wetland and 67 species from wetland associated) were 
recorded.  The observation shows that this water body 
supports  a large number of birds species.  This water 
body has been a main source of water for recharging the 
surrounding wells, bore wells and agriculture fields and also 
supply water to industries of MIDC, Amravati and also to 
the people of Amravati area. Large number of cattle graze 
and inhabit at the mudflats of the dam, due to this number 
of eggs and nests of the birds get destroyed. These threats 
along with some others, severely affected bird’s population. 
Mitigation of various threats is urgently needed and for this 
combined efforts from the concerned departments of the 
government, local people, volunteers and NGOs are needed. 
The present study has  documented the avian fauna of Upper 
Wardha reservoir which will help in further bird diversity 
research, management and conservation.
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ABSTRACT
This article helps us to understand the world with quantum secure communication. In this quantum landscape, the classical barriers 
of secure communication are transcended, and a brand-new era of impenetrable information safety emerges. The laws of quantum 
mechanics will be helpful in quantum secure communication for data transmission. It highlights the inherent security blessings conferred 
by using quantum properties, including the no-cloning theorem and the uncertainty precept, rendering eavesdropping impossible. In 
addition, this article gives us an understanding of how encryption can be done using quantum computing techniques compared to 
the classical ones. This article also outlines the challenges and ongoing research within quantum secure communication, addressing 
problems like sensible implementation, community scalability, and quantum key management. It underscores the collaborative efforts 
of researchers, industries, and governments in advancing quantum cryptography.

KEY WORDS: Quantum Secure Communication, Quantum Key Distribution, Quantum 
Cryptography, Information Security, Quantum Computing, Data Protection, Post – Quantum 
Cryptography.

INTRODUCTION

Imagine this 20 Years from now: all your bank account 
passwords, your messages, Photos, your browsing history, 
and finally, all the information that defines your societal 
status can be accessed by anyone with only a few seconds of 
computing. Scary right? Well, it is true, it is possible through 
Quantum Computing. If it is that dangerous, why should we 
even develop it? Here is an example of quantum computing. 
John is in a maze searching for an exit; he needs to find the 
route to the exit. He goes through a route and determines 
whether that route leads to the exit or not, and then he tries 
another route like that he goes on until he finds a route to 
the exit. In this time-consuming process, John thinks, what 
if someone like him searches another route while he is 
searching in his route? Well, the quantum computer does 
the same. Simply, it searches for the number of routes that 
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lead to exit in different dimensions simultaneously and gets 
the shortest path to it.

This is possible because of the Qubits and their properties, 
such as superposition, entanglement, quantum sifting, and 
some dedicated search algorithms. After reading this, we 
get a question: well, a faster solution, so is it worth the risk 
of losing all kinds of encryption? Shouldn’t we abort it like 
a failed experiment or potential dangers? We are already 
reaching speeds that are less than milliseconds. Here, speed 
is a by-product; its real value is how to solve and handle 
more complex problems like How complex? Experts expect 
solutions for, quote, “The birth of the universe and its 
mysteries,” it is expected to solve other real-world problems 
that are more complex for classical computers. Coming to 
security, there is genuine concern about data privacy and 
communications, so why don’t we use the same technology 
to solve this problem? Quantum Secure Communication 
Came into the thoughts and is actively being implemented 
globally (Alhayani et al., 2023).



Quantum Key Distribution (QKD): Quantum Key 
Distribution (QKD) is a technique for establishing 
secure communication channels. This can be done by 
exchanging keys, which are in encrypted format, between 
the sender and receiver. This method uses the principles 
of quantum physics, which can help us achieve security 
measures that can withstand the threats from quantum 
computing. Mechanics Behind QKD: QKD ensures secure 
transmissions by sending packets of quantum particles, 
commonly known as photons, through fiber optic cables 
(Cao et al., 2022). Each photon carries a random quantum 
state or qubit, representing a binary digit 0 or 1. These qubits 
are measured at the recipient's end, forming a line-up of 
bits or sequences. This series of bits then becomes the key 
for encrypting and deciphering messages. Any attempts 
made by external sources to meddle with or monitor the 
transmission can be detected due to intrinsic attributes 
governed by quantum mechanics.

Types of QKD Protocols: QKD protocols fall into 
two primary classifications: prepare-and-measure and 
entanglement-based. The former involves measuring the 
states of a particle. At the same time, the latter depends on 
an exclusive quantum entanglement phenomenon where 
measurement actions performed on one particle have 
consequential effects on another particle's behavior. These 
protocols ensure thwarting unauthorized access attempts, 
thereby securing communications effectively.

Challenges and How It is Accomplished: Quantum Key 
Distribution (QKD) confronts issues, including merging 
into present infrastructure, restricted transmission ranges 
for quantum photons (typically 100 kilometers), and the 
necessity for an initially protected communication path. 
Regardless, QKD is gaining importance as a safeguard 
against quantum computers, especially in view of the 
imminent threats they pose. Real-world QKD measures 
have discovered weaknesses such as phase remapping and 
photon number splitting attacks. To combat such risks, 
decoy state QKD protocols were developed to intensify 
security.

Evolution and Future of QKD: The roots of QKD go 
back to the 1970s when Stephen Wiesner started the idea 
of quantum cryptology. Charles H. Bennett later released 
the BB84 protocol, which became the cornerstone for 
quantum cryptology relying on non-parallel states. In 
1990, Artur Ekert made a noteworthy contribution to QKD 
by investigating quantum entanglement as a bedrock for 
secure communication.The outlook for QKD presents a 
favorable future. Gradients such as the Quantum-Safe 
Security Working Group (QSSWG) endeavor to endorse 
the acceptance of QKD alongside other quantum-safe 
technologies to combat emerging threats ushered in 
by quantum computing. Researchers are engrossed in 
augmenting data velocities and extending distances for 
deploying QKD. Companies have also delved into the QKD 
space with commercially available systems on offer.

Quantum Repeaters
I l l u m i n a t i n g  P a t h w a y s  t o w a r d s  Q u a n t u m 
Communication Network: The prospect of a paradigm-

shifting world with exceptional security in communication, 
advanced AI systems, and state-of-the-art medical imaging 
lies within sight with the advent of the quantum internet. 
However, crafting a global reach depends heavily on 
transmitting quantum bits or qubits across substantial 
stretches, which brings us face-to-face with an issue 
requiring resolution – introducing Quantum repeaters into 
the mix.Distinguishing Quantum Repeaters from Classical 
Counterparts: In classical cyberspace, information is 
conveyed as binary codes via optical fibers, with repeaters 
performing the essential task of dealing with signal loss 
caused by weak intensity. The traditional repeaters receive 
incoming signals, amplify them, and transmit them at higher 
power levels (Wallnöfer et al., 2022).

The Challenge of Loss in Quantum Networks: Quantum 
networks encounter a similar dilemma regarding signal 
degradation due to feeble intensity levels. However, 
conventional repeater techniques cannot be employed 
in quantum transmissions because of an intrinsic aspect 
of quantum information: the no-cloning theorem. 
Unlike standard data bits, quantum details cannot be 
replicated or measured without modifying their state. 
This unique characteristic inherent within quantum data 
enhances its unmatched resistance against hackers’ spying 
activities. However, it simultaneously generates problems 
compensating for weakened signals within quantum links. 
Unleashing the Power of Entanglement Swapping: The 
primary objective of quantum networks revolves around 
disseminating entangled states across their members. 
Distributing entanglement unlocks a host of applications, 
such as qubit teleportation. Entanglement swapping is a 
nifty technique that cleverly mitigates signal loss without 
violating the no-cloning principle.

Teleportation & A Vital Player: If repeaters possess qubits 
entangled with pairs at Alice and Bob's ends, they can 
conduct measurements and transmit. The essential data to 
establish the newly entangled connection. By constructing 
a chain of repeaters, the project of spanning lengthy 
distances is damaged down into practicable segments for 
photon transmission.Experiments and Milestones: Quantum 
teleportation among nodes has been experimentally 
established via various studies and organizations in various 
scenarios, consisting of free-area hyperlinks over vast 
distances and ground-to-satellite uplinks. Although there 
have been successful quantum teleportation experiments, 
building realistic quantum repeaters gives distinct 
demanding situations. Notably, quantum repeaters must be 
tailor-made to paintings inside the limitations of modern-
day quantum gadgets.

The Evolution of Quantum Repeaters: 1st Generation 
Repeaters: These preliminary repeaters depend on quantum 
processors, which might be inherently blunders inclined. 
First-generation repeaters appoint entanglement distillation 
to catch up on errors, 1st generation repeaters appoint 
entanglement distillation, where remarkable entanglement 
is distilled from several low-excellent copies. While 
these repeaters permit groundbreaking applications, their 
communique charge is restricted through the distillation 
procedure.
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2nd Generation Repeaters: As mistakes charge decrease, 
second era repeaters transition from entanglement 
distillation to quantum error correction, which handles 
operational mistakes through encoding records into blocks 
of qubits. This transition helps extensively faster facts 
switch and unlocks additional programs. 3rd Generation 
Repeaters: With similar upgrades in quantum gadgets, third-
generation repeaters hire quantum blunder correction to 
manage loss and operational errors. Then, it ensures that the 
information in the nodes will secure its spot irrespective of 
verification of the established order of entanglement. Future 
Vision: Quantum networks are already in improvement, 
with projects like the Center for Quantum Networks at 
the University of Arizona pioneering the development 
of quantum networks equipped with completely error-
corrected quantum connectivity, made viable through 
quantum repeaters. Comparable endeavors are underway 
globally at universities and country-wide laboratories.

Post-Quantum Cryptography: Post-quantum cryptography 
is one of the departments of cryptography for developing 
algorithms on encryption and protocols, which will even 
be applicable in quantum computing. So, developing these 
algorithms has become vital to maintaining protection and 
safety in digital communication (Joseph et al., 2022).

Several households of cryptographic algorithms are 
considered promising applicants for post-quantum 
cryptography. These consist of lattice-primarily based 
cryptography, hash-primarily based cryptography, code-
primarily based cryptography, and other tactics.Lattice-
Based Cryptography: Lattice-based cryptography is one 
of the leading contenders for post-quantum cryptography. 
It depends on lattices, which are grids of points in a 
multi-dimensional area. Lattice troubles are believed to 
be complicated even for quantum computers, making 
lattice-primarily based cryptography a sturdy desire. Some 
prominent lattice-based cryptographic schemes consist 
of:  NTRU Encrypt and Ring-LWE (Ring Learning with 
Errors).

Hash-Based Cryptography: Hash-primarily based 
cryptography is another approach to post-quantum 
cryptography. It is predicated on the properties of 
cryptographic hash capabilities, which can be believed 
to be resistant to quantum assaults. Some hash-primarily 
based cryptographic schemes include: Merkle-Damgård 
Construction SPHINCS (SPHINCS-256).Code-Based 
Cryptography: Code-based totally cryptography is 
based totally on error-correcting codes and is taken into 
consideration as a possible option for publish-quantum 
cryptography. It depends on how complex the decoding of 
error correction code is. Some code-based cryptographic 
schemes consist of: McEliece Cryptosystem  Niederreiter 
Cryptosystem.

Other Quantum-Resistant Algorithms: Apart from 
the households of algorithms, other approaches and 
cryptographic schemes are being explored for submit-
quantum cryptography. These encompass: Multivariate 
Polynomial Cryptography, LWE-Based Cryptography, 
Isogeny-Based Cryptography, Code-Based Signature 

Schemes. The closing intention is to ensure that touchy 
records stay stable in the era of quantum computing.

Quantum-Secure Communication Networks
Design Principles of Quantum Secure Communication 
Networks: Quantum Key Distribution (QKD): Since a 
discussion was already covered on QKD, integrating its 
security with the fastest communication, like quantum 
communication, will give us an efficient and secure 
communication network. End-to-End Encryption: This 
Quantum Communication is built to ensure a network 
almost invulnerable to eavesdroppers. Quantum Repeaters 
and Relays: These devices work between the sender and 
the receiver, which handle encryption and decryption of 
the data based on the quantum keys of the sender and the 
receiver. Authentication and Authorization: The quantum 
network implements strong authentication and authorization 
mechanisms to ensure that only authorized people access the 
data. Quantum Secure Hardware and Protocols: Hardware 
and Protocols designed to withstand and overcome various 
quantum attacks are employed .Components including 
Quantum Nodes, Optical Fiber, and Trusted Repeaters:

Quantum Nodes: There are two significant nodes in 
Quantum Communication Networks. They are Transmitters 
and Receivers. Transmitters are responsible for generating 
and transmitting quantum states like qubits. This also deals 
with the data encryption using its own Encryption Key. The 
other node is the Receiver, which handles the receiving and 
Decryption of data and ensures the safety of the data by 
measuring the quantum state of the data transmitted by the 
transmitter. Optical Fibers: These are the communication 
mediums that are used to transmit quantum states between 
the quantum nodes. They should be placed and maintained 
carefully so there will be no signal loss and reduce the 
effects of the transmission impairment on the data. Trusted 
Repeaters: Trusted Repeaters can sometimes be called 
Quantum Nodes. They act as intermediate devices within the 
quantum communication networks. Purpose Their primary 
purpose is to enable long-distance quantum-key distribution 
and quantum state transmission, which was a limitation of 
the Optical Fibers. Quantum Memory These devices are 
included with memory devices that can store the quantum 
states temporarily. This Favors the long-distance QKD.

Quantum Operations These devices can perform operations 
like entanglement swapping and quantum error correction to 
maintain the security and integrity of the quantum keys.

Security Since repeaters are intermediate devices, they 
are built to provide the maximum security possible for 
quantum states or quantum key distributions. Integration 
with classical Encryption for added security: Classical 
Encryption Layer: This layer uses traditional cryptographic 
algorithms, such as Advanced Encryption Standards (AES) 
or Rivest, Shamir, and Adleman (RSA). This layer is placed 
on the top of quantum-secure keys.Quantum Key as One-
Tiem Pad: Any quantum key like KAB, KBA, etc., serves 
as a one-time pad. It means these keys are used only once 
to encrypt and decrypt a message by the transmitter and 
the receiver, respectively. This uses a matching one-time 
pad and key. Data Encryption and Decryption: Consider a 
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transmitter, Alice, and a receiver, Bob. Alice has a crucial 
KAB to encrypt and transmit the message. When Bob 
receives the encrypted message, the same KAB key is used 
to decrypt the message.

Double-Layer Security: Since we have placed Classical 
Layer on Quantum encryption, this gives us a two-layered 
data encryption in which even if a layer is compromised, 
there will still be another layer that should be compromised. 
This will enhance the safety of the data. Quantum Key 
Rotation: The quantum key generated through QKD is 
used only once, giving them a shorter lifetime duration. 
Then, another key is rotated between the quantum nodes. 
Even if a key is compromised, it will no longer be in use 
(Muralidharan et al., 2016; Bernstein & Lange, 2017; 
Villoresi, 2010; Nakahara & Sasaki, 2012).

Security Considerations And Threats: Overview 
of Potential Threats: Quantum Eavesdroppers: The 
Eavesdroppers are the ones who keep observing the data 
line silently, and they will have the potential to copy the 
encrypted data on the data line. They also can decrypt and 
break classical encryption algorithms like RSA, ECC, etc. 
Side-Channel Attacks: Whenever there is a vulnerability 
or a weakness in implementing the quantum system, 
the attackers will use it as an advantage to exploit the 
system, such as measuring quantum states and extracting 
information through unintended channels.Man-in-the-
Middle Attacks: Sometimes, even the quantum-secure 
network is vulnerable to this kind of attack where the 
attacker tries to impersonate themselves as a quantum node 
to another quantum node and tries to get data directly from 
it. He could also intercept or modify quantum states and 
keys (Bennett & Brassard, 2014).

Discussion on counter measures and mitigation strategies 
against quantum attacks: Quantum Key Distribution 
(QKD): One of the best countermeasures for eavesdropping 
attacks that can be implemented in a quantum-secure 
communication network is QKD. Where the quantum 
states are encrypted, when an attacker tries to intercept, 
then the states are disrupted, which can be easily identified. 
Post-Quantum Cryptography: Implementing Post-Quantum 
Cryptographic Algorithms along with QKD ensures 
resistance against quantum attacks. The classical encryption 
layer remains secure if the quantum computer becomes a 
threat.

Security Key Management: Some of them are One-Time Pads 
and Key Rotation, which provide strict access control on the 
message and prevent tampering and side-channel attacks. 
Quantum Repeaters: These devices are used for long-range 
quantum communications that ensure long-distance secure 
key distribution and security. Comparison with Classical 
Security Measures: Security Posture: Quantum Security 
provides Security against quantum Security, whereas 
classical Security is vulnerable to quantum attacks. Key 
Distribution: Classical Security relies on third parties or pre-
shared keys for secure key distribution. However, quantum 
Security does key distribution by itself without relying on 
other party keys.Practical Implementation: Quantum secure 
Communication is still evolving, and it might face some 

practical challenges in the future, like limited range and 
specialized hardware. Classical Communication is already 
well-established and widely implemented.Key Length: 
Critical lengths of the classical encryption take longer than 
the quantum encryption. The keys of quantum encryption 
are shorter in length and more secure due to their unique 
properties (Scarani et al., 2009).

Quantum-Secure Hardware
Quantum Resistant Hardware components: Quantum-
Safe Cryptographic Accelerators: These are the components 
that help to accelerate the post-quantum cryptographic 
algorithms. They can efficiently perform complex 
computations required by quantum-resistant encryption 
algorithms. Physical Security Measures: The hardware 
components are specifically built for tamper prevention 
and protection against side-channel attacks. Random 
Number Generators: These are used to generate random 
cryptographic keys. The Quantum-Resistant Random 
Numbers that are generated are resilient to quantum attacks.
Secure Hardware Modules: Hardware Security Modules 
(HSM) ensure the security of the keys even after the post-
quantum threat landscape. They are also known as Secure 
Enclaves.

Quantum-Secure Communication Devices: Devices like 
quantum nodes and quantum repeaters are known as 
quantum-secure communication devices that ensure safe 
long-distance data transmission in quantum communication 
networks.

Secure Key Storage: The components of hardware that 
store the cryptographic keys should be highly secured 
against quantum attacks. Importance of Secure Hardware 
in Quantum Communication Networks: Protection 
Against Quantum Attacks: Now, classical security has 
become more vulnerable to quantum attacks. So, quantum 
communications came into play, with more algorithms 
implemented to ensure secure communication. Tamper 
Resistant: The Quantum-Communication Hardware is 
purposefully built to prevent quantum attacks and physical 
access to sensitive data like cryptographic keys. Preventing 
Side-Channel Attacks: Communication Hardware uses 
Double-Layered Encryption Algorithms that help prevent 
quantum and side-channel attacks. Long-Term Security: The 
hardware of quantum-communication networks has a longer 
life span than any other security hardware. They ensure 
network security even after the advancement of quantum 
computing technology (Ramakrishnan et al., 2022).

Uses And Implementations
A topic like secure communication in quantum technology 
has uses and cost efficacies of nearly millions or even 
billions, but is the cost worth it? Here are a few case studies 
and practical implementations: OTPs through QKD: using 
quantum key distribution, we can send the OTPs and verify 
persons, and their identities will be much more accurate. 
In the increasing cases of cloning mobile numbers/emails, 
etc., very important OTPs can be shared using Quantum 
technology, specifically the more significant transactions 
or authorization to Accounts that have a heavier influence. 
Voting through QKD: if this QKD becomes a household 

Rupesh et al.,

 179 Quantum Secure Communication: A Comprehensive	       BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS



norm, voting from anywhere could be possible since a 
Quantum secure connection is established once we can 
verify if there is any tampering or not so the voting process 
can happen in the home itself, which reduces the burden 
of going to a voting booth, problems like rigging, lousy 
influence on voters will be reduced. With a connection 
made through the QKD path, the voter can generally vote 
according to their will from the comfort of their home. 
Since any middleman tries to intervene in the connection, 
it can be spotted as a disturbance, and the voter can abort 
the connection and retry again till a safe connection is 
established.

Energy Sector: A never-ending threat to the energy sector 
from wrongdoers via MITM attacks or DDOS Attacks, 
etc these generally happen through a loophole in the 
communication system like weak passwords of office 
accounts or human error, accessing unknown links, etc., 
when the QKD comes into play ultra-sensitive data will be 
passed in this method hence reducing a significant chance 
for an attack. Cloud Computing: since there is a proposal 
of quantum computing through the cloud, if it happens, 
quantum computers are easily accessible, so most kinds of 
encryption can be broken. 

To prevent this, QKD is beneficial, and by improving human 
verification methods, authorities can act fast since a trail in 
the QKD system is unerasable. Supply Chains: with even 
more security, the ordered goods and payments will be 
safer and end-to-end encrypted. This QKD in the supply 
chain can be quoted as “a double-edged sword. “Since the 
wrongdoers can have secure communication and access 
to the blockchain, AI, etc., their supply chain will be hard 
to track, but QKD is only used on a connection basis and 
not for anonymity purposes authorities with the right level 
of social engineering tactics can still have the upper hand 
(due to the wrongdoers are human so they are vulnerable 
to social engineering).

Satellite Communication: satellites currently use radio 
waves for long-distance communications, but if a Qubit's 
entanglement feature is enhanced, it can deliver information 
more instantaneously and, of course, more security. 
Defense: The need for a secure route for communication 
is mainly due to conflicts between nations or high military 
tensions. We human beings tend to think emotionally, but 
Defense is a sector where rational thinking is needed, and 
the highest level of problem-solving is utilized because there 
is no single solution for everything. Hence, this quantum 
technology aims to solve real-world problems the human 
mind cannot solve. Hence, the first step in protecting the 
nation's peace is to have a secure line of communication 
in the Defense sector.

IOT (Internet of Things): In the Day and age of IOT devices, 
quality of life is improved in the same way threats such as 
accessing the Devices and causing some inconvenience or 
even accidents. Quantum technology will be beneficial in 
determining if there is any risk for a device or even some 
unnoticed logins and attempts to manipulate specific IOT 
devices. Remote Devices: Remote accessing our Devices 
from one place to another is an excellent option, but it 

sometimes comes at the cost of leaking credentials etc. QKD 
will ensure the remote access is secure, and no tampering 
occurs during connection time.

There are many implementations such as QKD in Health 
Care, Data Centres, copyright protection, Networks, 
Legal Contracts, Auctions, identity verification, and much 
more; the thing is, with the rapid development of quantum 
computing, experts are preparing for potential crimes and 
trying to invent new cryptography methods to encrypt our 
data there are new types of cryptography to encrypt the 
end-to-end keys (Sheng et al., 2022; Hasan et al., 2023; 
Gill et al., 2022).

Beyond Moore’s Law And The Potential Developments: 
According to Moore’s Law, computational power doubles 
every two years, i.e., in specific terms, the number of 
transistors in an integrated circuit (IC) doubles about every 
two years. However, as we progress on silicon chips, we are 
reaching its limit on computational power as per the law of 
thermodynamics and laws of quantum mechanics; this is 
going to happen soon as naturally, we tend to look for other 
alternatives in terms of producing computational power and 
lo and behold, we have quantum computing, with the power 
of Qubits there are some drawbacks to it:

Decoherence: is a phenomenon where the qubit loses 
its superposition due to noise or other factors such as 
temperature change.AI and Quantum Technology: The 
deadly combo of Artificial Intelligence and Quantum 
computing is very dangerous and yields capricious 
results.

Cryptography: As quantum technology offers speedy 
results and more computational power, the current 
encryption could be easily decrypted, governments are 
trying new cryptographies now, but the major problem that 
is happening is SNDL (store now, decrypt later) actions, 
which means the encrypted data that is available today 
can be stored now, and when the quantum technology is 
available for the public this stored information with old 
cryptographies can be decrypted using a quantum computer 
in future. We predict that quantum technology will be the 
new normal in businesses and governments. Household 
quantum computers are a long shot since laypeople do not 
need that much computational power for their daily tasks.
Developments: With this technology, Developments would 
be secure, i.e., all sorts of possibilities can be calculated 
faster and made. Since problem-solving happens in complex 
scenarios, we may find surprising cases of faults and errors 
and potential new solutions for them—the creation of the 
universe and predictions such as predicting accurate weather 
(Gill et al., 2022).

Risks In Quantum Technology: A Big Obstacle for 
Blockchain Technology: Some of us will have an idea 
about blockchain technology, which will depend on several 
algorithms. Blockchain uses algorithms like RSA and EC, 
which are asymmetric as quantum computing is compelling 
enough to crack those algorithms, which will result in the 
difficulties of blockchain. This will become a problem 
for many companies investing in blockchain technology.
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Unknown Security issues: Quantum computing is the 
upcoming technology that has the power to change the entire 
digital system. Although it has certain advantages, many 
issues that cannot be foreseen today will arise. Everything 
goes differently than planned in this world. So, we need to be 
prepared for a counterattack. Usage Difficulties: This is one 
of the most critical risks in quantum computing. We must 
find where and when we must use it. There will be some 
areas where there is no necessity for the usage. Analyzing 
the situation, one can understand which aspect of quantum 
computing can be fitted. To implement this, companies must 
use high-end computers in addition to the software. DNN’s 
Complexity: DNN (deep neural network), if a quantum 
computer is utilized in developing Deep neural networks, 
it is possible that the Neural Network might exceed Human 
Comprehension, and supervising it will become tough.

A Queen less Nation’s Sorrow: Wars are a never-ending 
cycle; when a quantum computer is involved in Armies, a 
nation without a quantum computer is equal to playing chess 
without a queen. Digital Divide: Like in the real world, the 
divide between The Rich and The Poor here in the digital 
era Quantum computer holds the power to flip the tables 
completely; as usual, the wealthiest will uphold this power, 
and the poor will be left in the dust (Faruk et al., 2022).

Transparency Issues And Scalability Factor: 
Transparency issues in Quantum Secure Communication 
refer to how weak the accessibility and security of the 
network are. These issues might impact the reliability and 
trust of the network by the users and stakeholders. Some 
of the issues are: Complexity of Quantum Technology: 
Quantum Communication works on complex principles and 
technologies that are difficult for beginners and non-experts 
to understand. The users may need help understanding how 
it works, which might compromise transparency.

Limited Public Awareness: Since quantum communication is 
a developing concept, it might have limited implementations, 
leading to a need for more public awareness. Since only a few 
will be able to know about that, it might lead to skepticism 
among the public and the users. Opaque Quantum Key 
Distribution Protocols: Some aspects of QKD protocols are 
very complex to explain the technical concepts. This might 
hinder explaining the concept transparently, leading the user 
to lose trust in the network's security.The scalability factor 
in quantum communication speaks about the ability of the 
network to expand its capability to facilitate the increasing 
number of users, devices, and requests (like data traffic). Not 
only that, but it should also maintain its level of performance 
and security even after changing its capacity. Some of the 
scalability factors are:

Network Size and Range: One day, enormous users might 
be worldwide. This means the network should be able 
to cover a larger geographic area that requires scalable 
Quantum Key Distribution (QKD) technology. Quantum 
Repeaters: These are the quantum nodes that are used as 
the intermediate devices for long-distance communication. 
For this, there have to be multiple quantum repeaters that 
are capable of providing secure communication over large 

networks and distances to be deployed. Quantum Resources: 
Number of users are proportional to the number of resources 
required. Resources should be maintained in such a way that 
it serves the users even if there is any unexpected rise in the 
number of users. The Entangled Photons can be one of the 
critical resources. Integration with Existing Infrastructure: 
Quantum Communication is now a widely used network 
nowadays. So, implementing and integrating them with 
existing classical infrastructure is very important. Moreover, 
it has to be done without disturbing the network's security 
and the capability to serve the larger areas (Ben-Sasson et 
al., 2018; Lo et al., 2012; Gisin et al., 2002; Qi et al., 2019; 
Kumar & Garhwal, 2021; Diamanti et al., 2016; Long, 2017; 
Zhou et al., 2018).

CONCLUSION

It is the year 2023, a long way from the year 1998 when 
Quantum computing began. Quantum computing is being 
developed rapidly, and the development of computational 
power and newer algorithms will continue. We are looking 
for more and more resources and more experimentation 
processes to find new possibilities. There might be another 
way to get more computing power. Who knows, but in 
this race against computing power, we risk losing current 
security measures and our data privacy. This is a well-known 
fact; we experience what happens if we do not act fast and 
develop countermeasures. Experts are already inventing 
newer cryptography methods and communications using 
quantum technology. 

It is like the quantum computer was never invented but, 
at the same time, getting benefits from the computational 
power of a full-fledged quantum computer. The Key 
takeaway from this paper is to provide most of the 
information available on this topic (Quantum Secure 
Communication) and understand the wonder of science 
that brought the technology we are using today. However, 
the cycle of wars, crimes, inventions, beliefs, the good and 
the bad, Rights, suffering, hunger, food, and Money will 
relentlessly continue even with all these technologies. 

So, why should we develop our technology if there is no 
change? Quantum technology can solve more and more 
complex problems like food shortages, wars, crimes, and 
any tensions that include religion, Money, power, etc. if 
we humans cannot solve the problems like these. It is up 
to nature to provide us with the resources and knowledge 
to solve this. Quantum communication is a step closer 
to protecting the journey of unraveling the mysteries of 
humanity and, of course, the Universe.
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ABSTRACT
In today’s ever-changing world, Machine Learning (ML) has become significantly important. It is reshaping what we thought was not 
going to be possible. Data plays a crucial role in this era. Thus, data is essential in various advanced technologies, like IoT devices, 
web services, deep learning models, and the expansion of Artificial Intelligence. This paper aims to explore Machine Learning by 
starting with an overview and then getting into its nature and overall mission. It discusses various factors such as transparency issues, 
scalability issues, and security issues that come with Machine Learning, also suggesting various techniques to overcome these concerns 
effectively. Furthermore, this article also highlights real-world examples which describe the impact of Machine Learning across various 
domains. It also describes the various kinds of learning in ML and the importance of data in ML—the Impact of Machine Learning in 
Industries: Enhancing Decision-Making Techniques. Along these, this includes applications, advantages, and disadvantages of ML. 
In conclusion, this article aims to deliver a detailed overview of Machine Learning in today’s context and its developments.

KEY WORDS: Machine Learning, Artificial Intelligence, NLP, Computer Vision, Algorithms, 
Deep Learning, Neural networks, Scalability, Transparency, Security.

INTRODUCTION

Machine learning (ML) is a branch of artificial intelligence 
that focuses on developing the various algorithms that 
help computer systems improve their performance. ML is 
capable of making the machines make use of information 
and then recognize the patterns. Further, it will be able to 
take the decisions by itself. ML also includes developing 
a different number of algorithms through the learning 
process. The history of machine learning started in the 
middle of the 20th century when the concept of "artificial 
intelligence" started. Alan Turing and John von Neumann 
have established the foundation for decision-making. 
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Between the 1950s and 1960s, researchers developed the first 
ML algorithm, including the perceptron, which also helped 
the study of neural networks. However, the process was 
stopped in the 1970s due to less access to data. This period 
has seen the comeback of interest in the 1990s with more 
advanced algorithms, and researchers have access to large 
datasets. Since then, machine learning has kept growing, 
advancing in deep learning, reinforcement learning, and 
other technologies (Baştanlar & Özuysal, 2014; Badillo et 
al., 2020).

Machine Learning algorithms are in different forms; they 
can be in prediction tasks and deep neural networks, which 
can control extensive data, including images and text. As 
ML is a quickly developing technology, it will come up 
with many of the latest improvements in the field of AI and 
other technologies; it will reshape the way we interact with 



machines and overcome many limitations. It is capable of 
detecting information and making predictions on its own 
(Kubat & Kubat, 2017; Senders et al., 2018).

Machine Learning is a field that is evolving very rapidly. 
Future developments in machine learning certainly include 
more automation and integration with IOT, the creation of 
NLP models for text and speech analysis, etc. This is a brief 
overview of Machine Learning.

The objectives of this work are – To explain the mission 
and vision of machine learning as a discipline.To provide 
insights into the complexities and difficulties within the field.
To explore professionals' diverse roles and challenges in 
machine learning.To examine issues related to transparency, 
scalability, and security in machine learning and offer 
solutions for addressing these concerns. To showcase the 
wide-ranging applications of machine learning across 
different industries and domains. To discuss potential future 
developments and advancements in machine learning.

Components of Machine Learning
a. Subset of Artificial Intelligence:•	  Machine learning 
is one of the fields of intelligence that creates models 
that can perform tasks independently without any 
human instructions. AI has many subfields, and ML 
is one such field.
b. Algorithms and Models:•	  ML involves creating and 
using various algorithms and models. These algorithms 
are designed to learn from data and then make 
predictions based on that learning. The ML algorithm 
is the "brain" behind all the processes/tasks.
c. Learning from data:•	  The idea of ML is that the 
system can learn from data. Here, we do not give any 
of the user's instructions; ML systems use data to make 
patterns and relationships. This learning process allows 
them to think and make predictions about new data.
d. Performance Improvement:•	  Here, the systems 
are designed in such a way as to improve their 
performance. This improvement helps itself in different 
ways, like making more accurate predictions and better 
recognition of processes.
e.Without Clear programming:•	  In Machine Learning, 
unlike general software, where developers write the 
code to perform the task, ML systems do not depend on 
particular rules or instructions. Instead, they improve 
themselves based on the data and feedback they receive 
(Dreossi et al., 2019).

Importance of Data in ML
The importance of data in Machine learning (ML) is very 
crucial. Data is essential for ML as it plays a crucial role 
in all aspects of the Machine Learning pipeline. Here, we 
can clearly understand the importance of data in ML (Jain 
et al., 2020).

a. Training the Models:•	  ML models highly depend 
on data to learn patterns and then make predictions 
based on the data. During the training process, the data 
is given as input, and their results are taken to retrain 
them repeatedly to make the model efficient. The model 
will learn based on the input data. The quality of the 

model can be improved when trained by giving larger 
datasets as input. So, the model will be able to produce 
the accurate results. 
b. Generalization:•	  ML models are designed to 
generalize by the number of times they are trained. 
So, training the model as often as possible will help 
provide more accurate predictions. The model also 
learns from various historical data to make the right 
decisions about the future. If we provide sufficient data 
during training, the model can provide generalized data, 
which is appreciated.
c. Generating various Features:•	  The data is crucial 
in ML mode to generate various features. So, selecting 
the correct data and performing training more often 
will produce quality results. Data scientists are often 
involved in selecting the most relevant data, carefully 
selecting and modifying it for better results. Thus, this 
process is very crucial in making the model highly 
reliable.
d. Evaluation of Model:•	  To verify the quality of the 
model, it is essential to have the test and training data. 
This data is used to measure model performance, which 
includes factors like accuracy, F1 score, etc. So, with 
reliable test data, it is easier to determine how well the 
model performs and whether it is ready for real-world 
deployment. 
e. Bias & Fairness:•	  Data quality is essential to find out 
the issues of abuse and justice in Machine Learning. 
More data will produce false predictions, which will 
have a positive impact. So, ensuring that the training 
data is bias-free is mandatory, which is an essential 
consideration in ML.
f. Continuous Learning:•	  In most situations, models 
have to quickly learn and adapt to the latest data, which 
improves their performance and quality in generating 
better results.Thus, the Data is a fundamental part of 
Machine Learning as Machine learning would only 
be successful now with providing better input/training 
data.

Advanced Technologies in ML:
a. Deep Learning:•	  Deep learning is a subbranch of ML 
that will focus on the topics of Deep Neural Networks. 
These are made to learn from the data and then 
represent the data automatically. These use various ML 
algorithms to train the neural networks. Deep neural 
networks help us in getting various features from the 
data directly. The best situation where Deep learning is 
widely used is in image and speech recognition. 
b. Natural Language Processing:•	  NLP is also an 
Artificial Intelligence and ML subbranch. The main 
focus of NLP is to create interaction between computer 
and human language. This also includes understanding 
the input text and regenerating text and speech in 
human language. NLP depends upon ML algorithms; 
these primarily work on supervised techniques and 
Deep learning. ML models, including Recurrent Neural 
Networks (RNN) and Convolutional Neural Networks 
(CNN), are very much used to process and understand 
the language. These are trained on a large amount of 
input data to improve their performance.
c. Computer Vision:•	  Computer Vision is one of the 
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other sub-fields of AI and ML that mainly focus on 
making the machine describe and understand visual 
information from a more extensive set of input data 
of images and videos. Computer vision also uses 
ML algorithms, like deep learning techniques such 
as Convolutional Neural Networks (CNN), as these 
models are trained on labeled images, which helps the 
model to learn various image features and patterns. So, 
the learned data can be further utilized for various tasks 
such as image and object detection.

Thus, the latest Machine learning technologies have several 
applications, including image processing, text-to-speech, 
and automating tasks. The main link between Deep learning, 
NLP, and computer vision with ML is that they all use ML 
algorithms to perform various tasks on Data. Thus, all 
together, they help each other in creating the world into a 
more advanced place (Hassanien et al., 2021).

Learning’s in Machine Learning: In Machine Learning, 
the models are designed with the ability to adapt to the data. 
So, it is essential to learn from data in various ways and 
choose the best learning method for each situation. Thus, it 
further helps build complex algorithms, generating accurate 
results. The learnings in ML are classified into three main 
categories. They are Supervised Learning, Unsupervised 
Learning, and Reinforcement learning. We will now clearly 
understand them and their sub-classifications (Naeini & 
Prindle, 2018).

Types of Learnings-
a. Supervised Learning: Supervised Learning is one •	
of the most widely used ML learning methods. The 
algorithm learns from input data, which is linked to 
output, so the model will have simultaneous access 
to both input and output, thus making it simple to 
learn for the machine. This Learning uses several 
algorithms, including linear and logistic regression 
decision trees. Supervised Learning is classified into 
two types based on their tasks. They are Classification 
and Regression. 
Classification:1.	  The main aim is to classify the data 
into predefined classes or labels. It is suitable for image 
recognition, disease diagnosis, and many more.
Regression:2.	  Regression predicts continuous values, 
such as stocks, gold prices, currency exchange rates, 
etc. This is achieved by learning the relation between 
the input data and the numeric values.

Thus, both classification and regression models of 
supervised Learning are built based on the input data. These 
have a significant role in achieving discrete and continuous-
based results.

b. Unsupervised Learning:•	  Unsupervised Learning 
differs from supervised Learning because we will train 
the model using unlabeled data here. The main aim 
is to find patterns and relationships within the input 
data. This Learning includes various algorithms like 
clustering and anomaly Detection. This is widely used 
in data analysis, feature engineering, and understanding 
data structure. 
c. Reinforcement Learning:•	  Reinforcement Learning 

is the other most important Learning in ML. Here, the 
agent is trained in such a way as to make sequential 
decisions by interacting with the environment. An 
agent is like a decision-taker who decides based on 
the environment. Reinforcement learning algorithms 
include Q-learning and DQN. This learning technique 
is used in applications like robotics, automated 
vehicles, and online games. This Learning is essential 
in AI, too.

Thus, there are various types of learning in ML. These 
learnings are done based on the type of model that is 
being developed. These learnings are attached to various 
algorithms Machine learning uses, like Supervised Learning, 
Unsupervised Learning, NLP, anomaly detection, and deep 
learning algorithms.

Now, we will look at a few of the most important algorithms 
used in machine learning.

Types of Machine learning Algorithms
a. Supervised Learning Algorithms:•	  In this algorithm, 
they learn from labeled data. The best algorithm under 
supervised Learning is Linear regression. These are 
developed by taking the human brain as a referential 
model. 
b. Unsupervised Learning Algorithms: •	 These 
algorithms learn from unlabeled data. This always aims 
to find hidden/old patterns and the latest requirements. 
In unsupervised learning, Principal Component 
Analysis (PCA) helps us to reduce. 
c .  Reinforcement  Learning Algori thms:•	  
Reinforcement Learning Algorithms focus on training 
the agents. These algorithms are mainly used in AI 
agents, which is crucial during decision-making. These 
works are based on the principle of trial and error. 
d. Anomaly Detection Algorithms:•	  These algorithms 
find very rare or uncommon information. The Isolation 
Forest algorithm freezes the anomalies by separating 
data into smaller subsets. 
e. Time Series Forecasting Algorithms:•	  These 
algorithms are designed specially; these are capable 
of estimating future values based on the past. 
Autoregressive Integrated Moving Average (ARIMA) 
is effective for forecasting trends.
f. Dimensionality Reduction Algorithms:•	  These 
algorithms reduce the number of features in a 
dataset, making it more manageable. Singular 
Value Decomposition (SVD) is helpful for matrix 
factorization, and Isomap will enhance geodesic 
distances to uncover underlying structures in data. 
g. Ensemble Learning Algorithms:•	  Ensemble learning 
combines various numbers of models to improve the 
predictive performance. Boosting manages the weights 
of data points, which is unnecessary; it also focuses on 
complex examples when the stacking combines the 
diverse models to create a more robust predictor. 
h. Deep Learning Architectures:•	  Deep learning 
controls the deep neural networks for complex tasks. 
Convolutional Neural Networks (CNNs) help us analyze 
the image and can also be recognized using convolution 
layers. Whereas Recurrent Neural Networks (RNNs) 
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can catch sequential information, making them most 
suitable for tasks like text generation.

Thus, these are various algorithms used by Machine 
Learning. Models select the required algorithm according to 
task requirements. Selecting the suitable algorithm ensures 
us with the most efficient result. The whole ML concept 
runs with these algorithms (Sarker, 2021).

Machine Learning – Frameworks and Libraries: 
Machine Learning has a large number of tools as well as 
libraries that help us in developing the models. These built-
in tools and libraries will reduce task time and difficulty. 
Here are a few of the most widely used tools and libraries 
of ML (Nguyen et al., 2019).

a. TensorFlow:
TensorFlow is one of the most popular frameworks •	
of ML, which Google developed. The main task is to 
produce high-level and low-level APIs.
This is considered very flexible for deep neural •	
networks and to deploy the created models in various 
environments.

b. PyTorch:
This open-source framework was developed by •	
Facebook's AI Research Lab (FAIR). Researchers 
widely use this for their research works.
It is known for its flexibility and ease of use ways. This •	
framework truly helps us in reducing the complexity 
of tasks.

c. Keras:
Keras is another open-source API. It shows high-end •	
functionalities. 
It is specially designed to connect with TensorFlow •	
and also with other backends. 
It is simple to use and most suitable for beginners.•	

d. Caffe:
The Berkeley Vision and Learning Center (BVLC) •	
developed this deep learning framework. It is known 
for its efficiency in training deep neural networks very 
quickly.
However, the only limitation is that it is less flexible •	
than other frameworks, but it is a potent tool.

e. Chainer:
Chainer is also a deep learning-based framework. This •	
specialty is that it uses dynamic computation, which is 
similar to PyTorch.
It is more widely used in countries like Japan, and the •	
best part of this comes with its flexibility and helps 
users to perform the necessary tasks very fast.

f. NumPy:
It is one of the basic libraries of ML; NumPy is a •	
shorthand representation of Numerical Python.
It is used to perform many mathematical operations, •	
like arrays, matrices, etc., in a much easier and faster 
manner.
This library is used in various fields like universities, •	

research centers, etc.
g. Pandas:

Pandas are other ML libraries mainly used for data •	
wrangling and analysis.
With the help of pandas, it becomes easier to transform •	
the data and prepare quality datasets.

h. Scikit-Learn (sklearn):
It is a famous Python-based library for ML. It provides •	
various algorithms for various tasks, including 
classification and data evaluation.
It is a lot easier to use and straightforward to work on •	
for the users, making it the most suitable library for 
data classification. 

i. Matplotlib and Seaborn:
These are the Python-based libraries that are useful •	
for data visualization. Using these tools, we can create 
various kinds of charts and plots.
The task becomes more accessible and straightforward •	
when we use Matplotlib and Seaborn. Because they are 
trained well, they produce very accurate results.

Thus, these are some of the most widely used frameworks 
and libraries in machine learning. So, using these libraries 
and tools reduces the difficulty in doing tasks and completes 
the tasks much faster and easier. The rest of the paper is 
organized as follows: Section 2 contains the mission and 
vision of machine learning. Section 3 contains challenges 
within machine learning. Section 4 deals with various roles 
within the field of machine learning. Section 5 describes 
various transparency, scalability, and security issues in 
machine learning and the suggested methods for tackling 
those issues. Section 6 consists of applications of machine 
learning across various fields. Section 7 consists of merits 
and demerits of machine learning. Section 8 concludes with 
possible future advancements in machine learning.

Mission And Vision Of Machine Learning: Mission: 
Machine Learning (ML) aims to create algorithm models 
that allow computers to learn from data, and then ML 
makes predictions or decisions without the need for explicit 
programming. Its applications include improving data 
analysis, automation, and decision-making in various tasks. 
This whole iteration process involves continuous training 
called fine-tuning. Thus, it reduces most of the errors and 
will train the ML systems to adapt to the environment and 
make more accurate predictions. Vision: Machine learning 
is a technology that is making rapid changes. Also, on the 
other hand, it aims to develop AI, various algorithms, and 
models that allow the computer to learn and make decisions 
independently. The vision of machine learning is to create 
intelligent systems that can perform tasks other than what 
is being performed at present. Its vision includes:

a. Automating Tasks:•	  Machine learning can automatically 
perform tasks using algorithms. However, making them 
more efficient and dependable is essential to use them in 
the long run. Let us consider the automatic vehicles; though 
they are proposed, they still need to be allowed to be used 
in a complete run as this requires much more training and 
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testing.
b.•	  Adapt and Improving: ML has to adapt to the latest 
information because generating older results might make 
the user feel misguided and lose trust in the model. So, the 
model has to be trained and improved according to the latest 
data to be dependable and trusted by users.
c. Enhancing the Decision-Making:•	  It can make predictions 
and decisions. Improving the model to the latest trends will 
also make it more robust. Thus, we can use it more accurately 
for advanced tasks like Disease diagnosis.
d. Natural Language Processing:•	  ML is intensely used in 
NLP. It can understand human text and speech, an essential 
requirement for most chatbots, voice assistants, etc. So, 
enhancing it to newer levels, like making it more interactive 
and easier to use, will make it more suitable for all age 
groups.
e. Innovation and Research:•	  Machine learning can analyze 
more extensive datasets. So, it reduces the burden of scientists 
and helps them focus on the original innovation instead of 
analyzing data.
f. Environmental and Sustainability Applications:•	  It is 
also capable of fetching out the environmental challenges 
and helping in finding better solutions. It can analyze a large 
number of problems that are contributing to environmental 
damage. So, we can fix those problems to protect the 
environment and sustainability.
g. Ethical Thinking:•	  ML has emerged as an essential 
technology. We can now make use of it make use of as a 
trustable model. A model must be unbiased and transparent 
to say it is better. So, later, we can combine ML with AI to 
get better results.
h. Personalization:•	  Machine Learning can learn from the 
data and interactions, making it more powerful. So, using 
this, it will sense the user interactions on various interests 
and make a list of preferences, and from then on, it will 
recommend the user based on his interests. However, the 
model should also focus on the things that should not stop 
the user from accessing all the content.Thus, these are the 
Missions and visions of Machine Learning. These must be 
carried out to create a world with advanced user experiences, 
accurate decision-making, and solve complex problems in 
different fields (Moye, 2019).

Challenges Of Machine Learning
Though ML has rapidly developed, this field has a few challenges 
(Holzinger et al., 2018). These challenges must be overcome to 
make ML stand out as a better technology. Here are some of the 
critical challenges in the ML:

a. Data Quality and Quantity:•	  High-quality data is crucial 
for better results. In most advanced topics, we might need 
more accurate and high-quality data, which results in less 
accurate results. Data preprocessing is vital because it reduces 
disturbance, noise, and inaccurate data. Thus, ensuring more 
quality outcomes.
b. Overfitting and Underfitting:•	  This problem is faced 
when we get excess data or less data than we require for the 
model. Overfitting is when the model is trained well with 

the data but fails to produce new or prediction-based data. 
Underfitting occurs when the model is straightforward but 
still shows poor/less performance.
c. Model Selection:•	  Even after having many models, it is 
essential to select the right and most suitable model according 
to our task requirements. When we choose a suitable model, 
it might lead to positive results.
d. Bias and Fairness:•	  Training the model with unbiased 
datasets is essential to ensure the model is safe. Otherwise, 
giving ambiguous data might result in unfairness or 
discrimination, resulting in privacy and unsafe issues for 
the user.
e. Continuous Learning:•	  Another essential challenge occurs 
while training the model because the data continuously 
develops and changes happen. So, ensuring the model is 
trained continuously to get better results is essential.
f. Scalability:•	  As said above, the machine learning models 
have to quickly adapt to extensive set data and real-time 
applications, which is difficult as it needs continuous 
learning.
g. Evaluation Metrics:•	  Selecting the most suitable evaluation 
metrics is essential. When we choose the right-suited metrics 
for the task, it leads to interpretation.
h. Security:•	  Providing security to the users is crucial for any 
application or model. If the model is not designed using solid 
algorithms, it might be vulnerable to attacks. So, maintaining 
security is a crucial challenge.
i. Hyperparameter Tuning:•	  ML always requires 
hyperparameters, which must be set correctly. However, 
finding the correct hyperparameters takes time and effort. 
This turns out to be a big challenge.
j. Concept Drift:•	  It is a phenomenon where the statistical 
properties of the target variables in machine learning keep 
changing. So, to keep all of them up to date is a challenging 
thing. However, the main problem occurs when we do 
detection, adaptability, mitigation, and labeling.
k. Cost and Resource Management: •	 Managing the cost is 
complicated in ML projects because it requires lots of cloud 
storage for data storage. So, managing the cost and available 
resources is very important to reduce the cost.
l. Collaborative Learning:•	  Collaborative learning in ML 
refers to protecting the privacy of the developed model. It lets 
the multiple parties to share the data without letting others 
know this. It ensures the model's efficiency and also makes 
the model lot secure.
m. Cultural and Organizational Adoption:•	  This refers to 
ML and AI's various challenges and processes. It requires 
lots of support from leaders to get it done. Thus, Cultural 
and Organizational adoption is mandatory for the smooth 
going of the tasks.
n. Reproducibility and Documentation:•	  This is another 
essential aspect of ML for ensuring the transparency and 
accountability of the model. So, maintaining the kind of 
data used in the language is vital for further usage. Thus, 
documentation is essential.Thus, these are the various 
challenges that occur in Machine Learning. So, managing 
all the above requirements is very important to overcome 
these challenges.
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Roles Of Machine Learning
Machine Learning (ML) is a subbranch of artificial intelligence 
that has gained much importance recently. Its ability to enable 
systems to learn and adapt to various environments without 
any explicit programming has made it develop a wide range of 
applications. Since it does not require explicit programming, it can 
provide many features and capabilities, making it very popular. 
Now, we will look at the various roles that Machine Learning 
plays in our modern world (Waqas et al., 2022).

a. Data Analysis and Insights:•	  Machine Learning plays a 
crucial role in data analysis. It is capable of processing larger 
datasets and finding patterns and valuable information that 
might not be possible to do using traditional data analysis 
methods. ML algorithms can identify correlations, anomalies, 
etc., essential for decision-making in various fields like 
finance, healthcare, and marketing.
b. Predictive Modelling:•	  One of the primary goals of 
Machine Learning is to make correct predictions. ML 
algorithms are capable of making the right predictions 
based on historical data. For example, in the financial sector, 
these models can predict stocks. ML can predict diseases in 
healthcare, and in е-commerce, it can predict customer needs 
based on reviews.
c. Natural Language Processing (NLP):•	  Machine Learning 
algorithms are key for Natural Language Processing (NLP), 
a field that focuses on making computers understand and 
generate human languages. NLP is incorporated into chatbots, 
virtual assistants, and language translation services to make 
the interaction between humans and computers much more 
accessible. 
d. Image and Spееch Recognition:•	  Machine Learning has 
reshaped image and spееch recognition technology. ML 
models can now describe objects from the given input data, 
allowing applications like facial recognition and medical 
image analysis. In spееch recognition, ML enables voice-
activated assistants and various transcription services.
e. Recommendation Systems:•	  Machine Learning boosts 
recommendation systems, which have become extremely 
common in online platforms. These systems can analyze 
user behavior and preferences to create personalized 
recommendations, improving user experiences in е-commerce, 
online streaming services, and social media platforms.
f. Healthcare:•	  In healthcare, Machine Learning helps in 
disease diagnosis, drug discoveries, and treatment. ML 
models are also used to analyze medical images to detect 
disease in early stages, identify suitable drugs for patients, 
and help doctors make more accurate decisions.
g. Autonomous Systems:•	  Machine Learning is an integral 
part of developing autonomous systems. Self-driving cars, 
drones, and robots use ML algorithms, which further help in 
navigation and make real-time decisions based on training 
and sensor data. This technology has also got the potential 
in transportation and logistics.
h. Anomaly Detection:•	  Machine Learning is widely used for 
anomaly detection. ML models can identify unusual patterns 

in domains, including network security and cyber threats. 
Manufacturing (predicting equipment failures), and finance 
(to detect fraud transactions).
i. Environment Conservation:•	  Machine Learning helps in 
the conservation of the environment. It can grab data from 
sensors and satellites, which further helps track and protect 
endangered species, observe climate changes, and predict 
natural disasters, contributing to our planet's conservation.
j. Personalization:•	  Machine Learning plays a crucial role 
in personalization. Online platforms use ML algorithms to 
deliver content, products, and services to each user based on 
preferences, which enhances user satisfaction.
k. Quality Control in Manufacturing:•	  Machine Learning 
plays an essential role in quality control during manufacturing 
processes. It can identify various problems in real-time 
by analyzing the sensor data. Thus, it produces the lines, 
ensuring that only high-quality products are released.
l. Dynamic Pricing in E-commerce:•	  Machine Learning 
is capable of dynamic pricing strategies in е-commerce. 
It continuously analyses market conditions, competitor 
prices, and customer behavior to adjust prices in real time, 
increasing profit.
m. Sentiment Analysis in social media:•	  Machine Learning is 
also designed for sentiment analysis on social media and other 
platforms. It can automatically analyze and categorize public 
opinions and emotions expressed in posts and comments, 
providing valuable data for businesses.

Machine learning (ML) has become a part of our world, which 
impacts various fields and industries. Its knowledge in data 
analysis, predictive analytics, natural language processing 
(NLP), image and speech recognition, recommendation 
systems, healthcare, autonomous systems, anomaly detection, 
environmental protection, personalization, manufacturing quality 
control, impact analysis, and social media and many more have 
changed the way we work in different areas. Machine learning can 
make valuable information from large data sets, make accurate 
predictions, and enable human-machine interactions, making it a 
trustworthy and dependable technology.

Issues In Machine Learning: Machine learning is a powerful 
tool, but it does face some issues. These issues are classified into 
three types. They are Transparency issues, Security issues, and 
scalability issues. Overcoming these issues will further help us to 
resolve issues and make ML lot dependable.

Transparency Issues in Machine Learning: Transparency Issues 
are one of the issues in ML (Pynadath et al., 2018). These deal 
with the awareness of the people who use Machine learning. It 
refers to how much Machine Learning is open to people for use 
or practical implementation. Some of the transparency issues are 
given below.

a. Black Box Models:•	  The name is Black Box, which means 
that the box or the room we are working in is dark because 
of its black color. So, we will be unable to see what is inside 
and how it works. Similarly, ML is being improved by 

Sathvik et al.,

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS	         Machine Learning in Healthcare Technology 188



researchers and scientists to reduce ambiguity and increase 
understandability.
b. Interpretability and Explainability:•	  Interpretability 
means the ability to understand, and Explainability means 
the ability to explain a concept. In Machine Learning, it may 
be very difficult to explain and understand some algorithms 
which are very complex. Models like Deep Neural Networks 
are a few of those cases. Their decision-making is complex 
to demonstrate.
c. Fair and Bias:•	  Machine Learning makes decisions based 
on the data it receives and the training data set. The outcomes 
are biased, based on the data set and data we provide, which 
might affect the Fairness towards some aspects of situations 
which is not preferred for a model.
d. Data Compliance Regulations:•	  General Data Protection 
Regulation (GDPR) issued some rules to avoid and decrease 
the discriminatory and unfair results of a model that is 
acquired from a data set or another data model. Its main 
objective is to increase Fairness and the outcomes of a data 
model.
e. Privacy and Data Protection:•	  Any user or developer, 
including the data models, works on the data that has to 
be protected. Machine Learning must prioritize protecting 
data from unwanted data access and unwanted attacks on 
databases.

Security Issues in Machine Learning: Any real-world application 
must be provided with basic security (Xue et al., 2020). Security is 
the central aspect of working in the world. Security means being 
safe and well protected from any unpleasant and unwanted access 
or theft of the data or resources. Implementation of security and 
privacy is crucial and also a tricky job. Some of the security issues 
are given below.

a. Adversarial Attacks:•	  It is a process in which the data that 
is inputted into the data training model is modified in such 
a way that the outputs may raise conflicts or they may also 
increase vulnerabilities of the model.
b. Data Poisoning:•	  It is the same as an Adversarial Attack. 
However, instead of inputting misleading data, the data 
model is compromised by poisoning the data set during or 
before training.
c. Model Stealing:•	  In this process, the crucial information of 
the data training model is attacked by its essential components 
due to its weaknesses and vulnerabilities. It is achieved either 
by attacking the weak points or by reverse engineering.
d. Reverse Engineering:•	  Reverse Engineering is a process 
in which the essence of a full-fledged model is obtained by 
analyzing from its outer components but not from its inner 
logic. The information is obtained with knowledge of its 
infrastructure.
e. Robust Models: •	 The built Machine Learning Models must 
be robust and unexposed to stand firm against attacks like 
Adversarial Attacks, Data Poisoning, etc.
f. Privacy-Preserved Machine Learning:•	  Machine Learning 
Models must also respect the privacy of the users and 
developers. There are emerging ideas and implementations 
like multi-party computations and collaborative working 

environments. Here, the model should only expose raw data 
and crucial information with precautionary measures.

Scalability Issues in Machine Learning: Scalability is the ability 
of the model to increase and decrease its capability of serving 
multiple requests at a time (Mohammed et al., 2018). Whenever 
there is an increase in demand, the model should be able to scale 
itself by increasing its capacity. And it should be able to decrease 
the capacity when there is no/less demand. Increasing the capacity 
when needed will help the model serve multiple requests in high 
demand. It improves the trust and reliability of users on the model. 
Moreover, decreasing the capacity when there is no demand helps 
the model to maintain the resources efficiently and decrease the 
unnecessary load on the system. Machine Learning depends on 
training with larger data sets and producing predictions using 
complex situations and algorithms.

a. Magnitude of Data:•	  Since the data being used for Machine 
Learning is very large, it keeps growing daily. So, it would 
be difficult when there is an unexpected rise in the data used 
to train the model.
b. Resources for Computation: •	 When dealing with larger 
and more complex models, we come across concepts like 
Deep Learning that require physical hardware resources such 
as Graphical Processing Unit (GPU) and Tensor Processing 
Unit (TPU). So, when there is an increase in the amount of 
data being used, the hardware must be capable of handling 
such extensive data and prove necessary resources.
c. Real-Time Processing:•	  Machine Learning models are 
explicitly made to train on data sets and then produce 
predictions by performing complex calculations and analysis. 
So, in case of any increase in the size of the data set, then 
the calculations should be repeated to gain accurate results. 
If the size of the data set is increased at a high rate, then it 
might take more time to produce results.
d. Model Deployment:•	  When multiple devices and users 
require the data model to get deployed, there is much work 
and care to do. Increasing the number of use cases will require 
the deployment of multiple models. If the model is too large 
and complex to handle, it might become more accessible to 
finish the job accurately.
e. Efficiency of Algorithm:•	  When there are multiple places 
to deploy the model, the algorithm implemented in the model 
should be solid and efficient to handle large requests, users, 
and data.

Thus, these are vital issues of Machine Learning. Overcoming 
these problems will make the model much more efficient than 
now.
Applications Of Machine Learning: Machine Learning is a 
subject of artificial intelligence (AI) that allows computers to 
look at data and improve their performance on duties without 
being explicitly programmed. Over the years, the demand for 
ML has increased in various industries. This article gives us ML 
applications in healthcare, finance, advertising and marketing, 
autonomous vehicles, and natural language processing as shown 
in figure 1 (Sarker, 2021; Dhall et al., 2020).
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Figure 1: Applications of ML

a. Healthcare: Machine Learning has rebuilt the whole healthcare 
system with the help of enhancing evaluation, remedy, and affected 
individual care. Some essential packages include:

Diagnosis:•	  ML algorithms can look at scientific records, 
images, and genetic data to assist in the early analysis 
of illnesses, which includes most cancers, diabetes, and 
coronary heart situations. 
Medicine Discovery:•	  ML has fastened drug discovery by 
predicting the requirements of drug candidates, improving 
molecular interactions, and figuring out novel drug goals.
Predictive Analytics:•	  Healthcare companies use ML to 
expect affected characteristic outcomes, optimize sanatorium 
operations, and decrease readmission charges. 
Personalized Care: ML enhances plans to character sufferers, •	
considering their genetics, medical records, and their 
lifestyle. 

b. Finance: In the financial industry, device studying is included 
for diverse duties, including:

Trading:•	  ML models analyze market statistics to predict 
buying and selling stocks; it is being trained with more data 
to expand performance and profits. 
Management:•	  Banks and economic establishments use ML 
for credit score rating hazard assessment, fraud detection, and 
portfolio manipulation. 
Service:•	  Chatbots and digital assistants are a few of the most 
widely used services of ML. It enhances customer service by 
addressing inquiries and facilitating transactions.
Analysis:•	  ML is used to make news and social media 
analysis. Thus, it accesses sentiment, emotions, and many 
other positive results. 
Marketing:•	  ML has also made its mark in advertising 
strategies. Thus, it also supports various businesses.
Customer Segmentation:•	  ML fashions organization clients 
primarily based on behavior and alternatives, permitting 
targeted advertising campaigns. 
Recommendation Systems:•	  E-trade systems use ML to 
suggest products to customers, boosting income. 
Ad Targeting:•	  ML algorithms optimize ad placements, 
growing clicks on on-via charges, and ad effectiveness. 
Churn Prediction:•	  Companies count on purchasers to churn 
the usage of ML, allowing them to take proactive retention 

measures. 
Autonomous Vehicles:•	  Machine learning plays a crucial role 
in automatic vehicles for their functioning.
Detection:•	  ML agents understand the people, vehicles, and 
road surroundings for safe navigation. 
Planning a route:•	  Algorithms in ML are meant to be for 
planning correct routes based on real-time online visiting 
websites. 
Maintenance:•	  ML is useful for early prediction of car 
renovation needs, reducing problems, and improving 
safety.

c. Natural Language Processing (NLP): NLP, a subset of 
ML, has made intense progress in understanding and producing 
human language. NLP is a subfield of ML that makes a specialist 
in the interplay between computers and human language. It has 
several programs beyond what becomes noted in advance. Its 
applications are:

Language Generation:•	  NLP fashions like GPT-three can 
generate human-like textual content; this is applied in content 
advent, chatbots, and even innovative writing. 
Language Translation:•	  Services like Google Translate use 
NLP to offer actual-time translations among languages. 
Chatbots and Virtual Assistants:•	  NLP-powered chatbots 
and digital assistants understand and respond to natural 
language queries. 
Sentiment Analysis:•	  Companies analyze social media and 
patron opinions to gauge public sentiment. 
Speech Recognition:•	  NLP permits voice assistants like Siri 
and Alexa to understand and respond to spoken language, 
enhancing character stories in numerous devices and 
programs. 
Text Summarization:•	  ML fashions can summarize lengthy 
texts or articles, making it more straightforward for customers 
to digest statistics rapidly, which is treasured in records 
aggregation and studies.

d. Challenges and Ethical Considerations: Despite its 
considerable ability, system studying additionally gives 
worrying conditions and moral troubles. These encompass bias 
in algorithms, records privacy worries, and the capacity for 
assignment displacement.

e. Future Trends and Opportunities: The destiny of gadget 
studying holds promise, with possibilities for growth in areas 
like reinforcement learning, quantum computing, and explainable 
AI. Continued research and development are crucial to help with 
complex conditions and maximize the benefits of ML.

These are a few of the many applications of machine learning. 
In all the above fields, ML influences tasks directly or indirectly 
because the users depend on these agents as they complete the 
work very fast and efficiently.

Advantages & Disadvantages of Machine Learning: 
Advantages:Machine Learning is an actual trump card when it 
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comes to Automating tasks with the help of AI; here are a few more 
advantages of machine learning (Khanzode & Sarode, 2020).

Advantages based on Machine Learning:
a. Real-Time Processing:•	  Let us consider a data set and 
you want to do some peculiar tasks from that data set. With 
machine learning, you can do that in real time; it works like 
magic, giving rapid responses and improvised suggestions 
in real-time, which will help boost productivity.
b. Personalization:•	  Imagine you have access to an image-
based dataset for machine training, a text-based dataset, and 
a mathematical dataset. The good news is you can tailor 
your model to your liking. However, the choice of dataset 
for training and personalization should align with the user's 
specific interests and needs.
c. Scalability: •	 Suppose you have a large data set; it is possible 
to train it in machine learning. It is one of the most significant 
advantages of machine learning. Training a machine with 
a large data set will benefit because it can perform in any 
environment.
d. Data-based Decision-making:•	  Consider a machine that 
is well-trained with data regarding English grammar. When a 
situation is provided, it can make the right decision or changes 
based on the data it is trained on; if the data is of good quality, 
the chances of producing a good result are higher.
e. Uphill Improvement:•	  A machine learning model with 
more data will generally improve continuous improvement; 
it will only improve with more training of good data.
f. Predictions:•	  When an ML is based on one bunch of 
predictable data sets and mathematics, then that machine has 
attained the capability to predict. For example, if a machine is 
trained on a bunch of weather data, we can predict the future 
weather (mostly). Hence, this is one of the most essential 
advantages of machine learning.
g. Recognizing Patterns:•	  Let us consider a chess game as 
an example; the first step you take when the match starts 
are either the movement of the pawn or a knight. There are 
over 3000 openings, like Sicilian defense, French defense, 
Scandinavian defense, Italian game, Queen's gambit, King's 
gambit, etc. These are patterns that commonly occur with the 
starting move from both opponents in chess, and this trained 
machine can recognize what pattern it is, and based upon 
that, it can predict results or make moves if this machine 
itself is playing.
h. Cost Reduction:•	  A model that is a well-trained machine 
is significantly better in the manufacturing process than a 
human; a human can work a fixed amount of hours and need 
more money to maintain if a machine is trained to do human 
tasks such as packing boxes, the machine would be more 
cost-efficient and work 24/7 compared to a human.
i. Risk Analysis:•	  Analyzing the risk once or if we get into 
the problem is only possible. Let us consider that we want to 
analyze the risk of investing in a specific company; if an ML 
model is trained on the data of investments, it can analyze 
all sorts of risks involved. In this way, we can apply it to the 
medical scene, transport scene, etc.
j. Language translation:•	  We can train a machine when we 

have enough data; we can train a machine that responds in 
real-time and translates our language to another language; 
it is also capable of generating text-to-speech results, which 
helps hundreds of users to do their tasks.

Advantages of ML Based on particular domains:
a. Natural Language Processing:•	  An NLP is a domain 
where a model is required to understand the language of 
the person communicating with the machine. For example, 
a well-developed ML model in NLP can rearrange all the 
mail from the customer as good and bad reviews so that the 
organization can efficiently work on the bad ones and provide 
good feedback and solutions to the customer.
b. Autonomous Vehicles:•	  A machine would make mistakes 
like humans do. We can observe over 1000 accidents a day; 
most of these accidents happen due to human error. What 
if there is a model that is trained on all the traffic rules and 
patterns and predictions and the dos and don’ts? Thus, the 
term autonomous vehicles came into focus; we have already 
seen cars like Tesla, BMW, and Mercedes, which have inbuilt 
assisted autonomous steering where, on highways, the car can 
drive itself under the guidance of a human driver. 
c. Health care: •	 ML is also trained with medical facts that 
are proven with evidence. It is beneficial to help the patients. 
If any personal bias is involved, it can lead to totally biased 
treatment instead of evidence-based treatments. This might 
become a severe backlash if the patient’s health is affected 
negatively. So, there are several benefits to having an ML 
model in health care, like giving a free analysis of a patient’s 
condition, and if the condition is terrible, referring to a doctor 
visit would be beneficial. If it is a common cold, the machine 
can suggest treatment options, etc.
d. Quality analysis:•	  When a large number of products are 
given to a machine with a trained data set, it could figure out 
the defective pieces; this will be especially useful in pharma 
manufacturing, where even the slightest mistake could have 
horrible consequences.
e. Agriculture:•	  This is a domain where weather prediction, 
soil analysis, and plant condition have to be measured to 
give accurate instructions to the farmer to take the necessary 
steps to get a good yield. Even this task can be done using 
ML algorithms.

Disadvantages: Disadvantages based on Machine Learning:
a. Dependent on the dataset:•	  When a machine is trained on 
a good-quality data set, it naturally tends to be on the good 
side, and the same thing is true in the opposite scenario; if a 
machine is trained on bad-quality data or biased data, it will 
not be helpful. In terms of analogy, training a machine can be 
a double-edged sword (Khanzode & Sarode, 2020).
b. Storage Safety:•	  We all know that if a company trains a 
large-scale ML agent, an enormous data set lies somewhere 
in a data center. One day, if those data centers are attacked 
and bad actors gain access to the data set, it will lead to severe 
consequences. Personal data might be used for the wrong 
purposes, which causes a loss of user privacy.
c. Expensive:•	  Some ML models with large data sets require 
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a large amount of computational power, which can only be 
provided by a few organizations, hence reducing the power 
of machine learning too little.
d. Overfitting:•	  This is a case where an ML model is trained 
and tested in its environment. It is fast and responsive, but 
if a new condition or scenario is given out of its data set 
as a question, we can see some struggle in its answering 
capabilities.
e. Ethical Concerns:•	  If the ML model is trained with 
only hateful content or made for biased purposes and is 
implemented in robots or hardware, it turns out to be very 
dangerous. Giving our video captures from recordings or 
footage to a machine learning model is ethical. So, it can 
learn ethical constraints in developing a machine learning 
model.
f. Complexity of a Model: •	 When working with large 
amounts of data, keeping track of what kind of task is being 
implemented is essential. It will be complicated if new 
employees take on the journey of developing an already 
existing model since keeping track of almost all functions is 
very difficult, increasing the model's complexity.

Disadvantage Of ML Based on particular domains:
a. Legal Domain:•	  Let us consider a document regarding 
the case given to the model to verify and generate unbiased 
judgment; if the model is not trained with enough data 
required for accurate results, it will surely fail. So, providing 
and training the model in the best possible way is essential. 
b. Drug Manufacturing:•	  The daily routine is going on, 
and the machines work as usual. Suddenly, a sensor fails or 
faults, allowing the faulty drug to go by the quality check. 
If a patient consumes this faulty drug, their health is at risk; 
these mistakes are hazardous in drug manufacturing.
c. Health care:•	  when a model is trained under only a 
particular demographic, then that model might produce a 
wrong judgment, leading to a potential misdiagnosis, which 
can confuse healthcare workers and even risk the patient's 
health.
d. Autonomous Transport:•	  we know autonomous 
transportation is much safer than a human being, but with all 
the good things, there are some potential harmful elements. If 
the model is not well updated with the routes and geography, 
it will probably make a mistake that might risk the lives of 
passengers.
e. Content Moderation:•	  we are well aware of the 
recommendations Tab where we will get our daily 
recommendations; what if an ML model is only trained 
with single users' data based on a short period of content 
consumption? It will lead to a content loop where the 
consumer will tend to get the same repetitive content. Hence, 
the consumer will not be able to see the available diverse 
content.

Thus, these are the various advantages and disadvantages of 
Machine learning. As ML is a fast-growing language, most 
cons would be identified and corrected. However, with ML's 
advantages, users trust this advanced technology.

Future Scope Of Machine Learning:
The future of Machine learning will be much more advanced than 
that of now because it has a smaller number of limitations and 
is also very effective on most of the tasks (Ghosh & Dasgupta, 
2022).

a. Safe Healthcare:•	  Machine learning can profoundly 
contribute to healthcare areas where manual tasks cannot be 
performed. Then we will be using these ML and AI-based 
agents which are going to replace the tasks of humans 
(doctors in this case)
b. Fraud Prevention:•	  All financial institutions are heading 
towards ML to let their tasks be done with enhanced security. 
It develops the trust of users in those organizations. It restricts 
malpractices from being happening.
c. Natural Language Processing (NLP):•	  This a subfield of 
artificial intelligence where a machine can generate human-
based outputs. To achieve this, models must be trained on large 
amounts of data. Machine learning will play a significant role 
in enabling applications such as sentiment analysis models, 
chatbots, language translation models, etc.
d. Job Empowerment:•	  ML has rapidly grown in various 
parts of the globe. Thus, it has also produced various job 
opportunities for the people. So, the ML can produce jobs 
and complete tasks efficiently. In the future, it is going to get 
much better when it is enhanced with AI.
e. Recognizing Patterns:•	  Recognizing the patterns is very 
important for the model. Let us consider a chess game. 
The first step you take when the match starts is either the 
movement of the pawn or a knight; there are several different 
openings in itself. These patterns commonly occur with the 
starting move from both opponents in chess. These trained 
machines can recognize what pattern it is and, based on that, 
can predict results or do moves if this machine is playing.
f. Automobile field:•	  ML is reshaping the concept of 
driving. As it is being trained in such a way that the car is 
becoming automated. However, this technology is being 
implemented now; these must be improved and tested in 
various environments.

Thus, these are some of the best examples that showcase the 
importance of ML in the present day and also what field it will 
focus on in the future.

CONCLUSION

Machine learning has slowly grown more extensive and more 
significant. Its ability to analyze massive datasets and patterns has 
reshaped many fields like healthcare, transportation, and various 
industries. ML has found many new things during this process, 
like various challenges to adapting to new environments. The 
most significant success behind ML is its quality and relevance 
in data analysis. With reliable data, it is easier to produce accurate 
results predictions. So, in machine learning, the data has a crucial 
role. Along with the data, its algorithms are designed so that they 
are secure and robust. The results are always unbiased because 
they have trained models with real-time data, bringing us better 
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results. The model is also trained so that it continuously evolves 
according to the latest conditions and updates. 

This machine will play a key role everywhere in the future due 
to its high performance and very few limitations. Thus, making it 
more trained and powerful will make it an outstanding technology 
to depend on for better output generation. Finally, machine 
learning is not just a technology but a transformative force. Its 
ability to make decisions according to the environment without 
bias makes it more dependable for users for various tasks. Joining 
the ML with advanced technologies like AI will make it more 
robust and secure.
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ABSTRACT
The present investigation is intended to prepare Acalypha indica leaf extract and assess the antioxidant and glucose-lowering effects 
utilizing in vitro models.  The plant methanolic extract of Acalypha indica leaves was exposed to phytochemical examination to 
identify the bioactive factors by GC-MS. We assessed the antioxidant properties of  the extract by using the DPPH scavenging method, 
ABTS assay, TBARS assay and NO assay. Likewise, the anti-diabetic activity was assessed by ɑ-amylase and α-glucosidase enzyme 
inhibition and glucose diffusion inhibitory techniques. We found that methanolic extract of Acalypha indica leaves  contains a high 
measure of phenolics, flavonoids and tannins. The GC-MS assay identified the bioactive components. We also found that methanolic 
extract of Acalypha indica  leaves had significant higher antioxidant and glucose-lowering effects. In conclusion, it could be reasoned 
that due to the nearness of antioxidant components, the methanolic   leaf extract of Acalypha indica has good potential in the control 
of hyperglycemia, diabetes and the related state of oxidative stress.

KEY WORDS: Antioxidants, DPPH, GC-MS, diabetes mellitus and Flavonoids.

INTRODUCTION

Diabetes mellitus (DM) is a glucose or insulin associated 
metabolic disorder that affects the digestion of carbohydrates, 
fats and proteins. It is a combinatorial disorder accompanied 
by high blood glucose level (hyperglycemia) and glucose 
intolerance due to the relative inadequate hypoinsulinemia 
or growing insulin tolerance in peripheral tissues. This is 
accompanied by several complications like hyperlipidemia 
(abnormal state of lipid in the blood), oxidative stress, and 
advanced enzymatic glycation of proteins. Approximately 
450 million adults (20-79 years) are living with DM; by the 
year 2045 (Galicia-Garcia et al., 2020). this estimate will 
ascend to 629 million. 79% of adults with DM are living 
in low and center salary nations, 1 of every 2 (212 million) 
individuals with DM are undetected, and 352 million 
individuals are in danger of acquiring type 2 DM. DM is 
prevalent in most developing nations like India. According 
to ICMR-INDIAB reports, India has the highest number 
of diabetic patients in the world and has been notoriously 
named as the “diabetic capital of the world” (Anjana et al., 
2011, Parim 2019, Banday & Nissar 2020 & Sun 2021).

There is substantial evidence that the biochemical and 
molecular pathways enacted by hyperglycemia are related 
to the increase in reactive oxygen species (ROS), resulting 
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in increased oxidative stress. Excessive ROS production 
prompts the initiation of stress sensitive intracellular 
signaling pathways that, in turn, promote cellular damage 
and contribute to several complications and disease 
progression. In recent times, several plant species have 
been widely characterized for their antioxidant activity. 
Antioxidants from fragrant, stimulating, therapeutic, and 
other plants are concentrated to create natural antioxidant 
formulations for nourishment, anti-diabetic properties, and 
other applications (Seebaluck 2014,  Zahidin et al., 2017, 
Parim, 2019, Sun 2021).

On the other hand, the number and classes of oral glucose 
lowering agents in use for the treatment of DM have 
increased in last couple of years. At present, viable and safe 
medications are not adequately available, and they have 
significant adverse side effects. A large number of these 
drugs have even been pulled back from the market due to 
undesirable impacts. As a result of these adverse reactions 
and limitations, there is rising popularity of plant-based 
formulations. Dietary considerations and nature-based 
cures can be used as a supplement to local systems of 
prescription for managing DM more efficiently (Uddandrao 
et al., 2020).

Acalypha indica Linn is a herb belonging to family 
Euphorbiaceae. The twigs and leaves of A. indica posses 
flavonoids, catachols, alkaloids, saponins, volatile oil, 
fatty acids, phenolic compounds and steroids (Ravi et al., 
2017, Ninave & Patil 2022). It  plays an important role 



in diverse folk medicines including the Ayurveda system 
and is supposed to boost defense against various diseases. 
Hence, in this study we made an endeavor to evaluate 
the ameliorative potentials of A.indica and assess their 
antioxidant and glucose lowering potential (Brahma et al., 
2015).

MATERIAL AND METHODS

Sample Collection: Dried Acalypha indica Linn leaves 
were obtained from the botanical garden, Osmania 
University, Hyderabad in the month of June 2018, their 
identity was authenticated by a taxonomist Dr L Rasingam, 
Scientist-E, Botanical Survey of India, Hyderabab, India, 
voucher number BSI/DRC/22-23 Identification/552 dated 
16-10-2022, and a specimen has been preserved at the 
departmental herbarium. Leaves were shade dried and 
made into course powder. The powder (2.5kg) was soaked 
sequentially with hexane, ethylacetate, methanol, and 
double distilled water each 6 d at room temperature in a 10 
L aspirator jar to collect the extracts. These extracts were 
evaporated by using a rotavapor to obtain respective dry 
extracts to be used for further studies. The extracts were 
dissolved in Tween 80 for pharmacological studies (Erum 
Iqbal, 2015) (Erum et al., 2015).

Preliminary Phytochemical Screening: The methanolic 
extract of Acalypha indica Linn leaves was screened for 
the presence of various phytoconstituents by the methods 
described by Mopuri et al (Shafodino et al., 2023). 
Quantitative Estimation of Phytochemicals: In light of the 
fundamental phytochemical examination results, further, 
we exploited the Acalypha indica Linn leaves extracts 
to quantitative estimation of secondary metabolites, for 
example, total phenolic content (Ninave & Patil 2022), total 
flavonoids [13] and total tannins (Erum et al., 2015) were 
measured according to the respective protocols.

G C - M S ( G a s  C h r o m a t o g r a p h y - M a s s 
Spectrophotometry) Analysis: The Clarus 680 GC was 
used in the analysis employed a fused silica column, packed 
with Elite-5MS (5% biphenyl 95% dimethylpolysiloxane, 
30 m × 0.25 mm ID × 250μm df) and the components were 
separated using Helium as carrier gas at a constant flow 
of 1 mL/min. The injector temperature was set at 260°C 
during the chromatographic run. The 1 μL of extract sample 
injected into the instrument the oven temperature was as 
follows: 60°C (2 min); followed by 300°C at the rate of 
10°C min−1; and 300°C, where it was held for 6 min. The 
mass detector conditions were: transfer line tem- perature 
240°C; ion source temperature 240°C; and ionization mode 
electron impact at 70 eV, scan time 0.2 sec and scan interval 
of 0.1 sec, the fragments from 40 to 600 Da. Interpretation 
of mass spectrum GC-MS was conducted using the database 
of National Institute Standard and Technology (NIST) and 
the compounds were identified (Mopuri et al., 2017).

Evaluation of Antioxidant Activity: The antioxidant 
ability of Acalypha indica leaves extract was measured 
through 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 
scavenging activity, ABTS assay, TBARS assay and NO 
assay activity as per phosphomolybdate assay proposed by 

(Mopuri et al., 2017) & (Oyebode et al., 2021).

Assessment of in vitro Glucose-lowering Effects: 
Inhibition of ɑ-amylase Enzyme Assay: A total of 500 
μL of test samples and standard drug (100- 1000μg/mL) 
were added to 500 μL of 0.20 mM phosphate buffer (pH 
6.9) containing α-amylase (0.5mg/mL) solution and were 
incubated at 25°C for 10 min. After these, 500 μL of a 1% 
starch solution in 0.02 M sodium phosphate buffer (pH 6.9) 
was added to each tube. The reaction mixtures were then 
incubated at 25°C for 10 min. The reaction was stopped 
with 1.0 mL of 3, 5 dinitrosalicylic acid color reagent. The 
test tubes were then incubated in a boiling water bath for 
5 min, cooled to room temperature. The reaction mixture 
was then diluted after adding 10 mL distilled water and 
absorbance was measured at 540 nm. Control represented 
100% enzyme activity and was conducted in a similar 
way by replacing extract with vehicle [19]. All assays 
were carried out in triplicate and values were presented 
in percentage of inhibition. The activity of α-amylase was 
determined as pursues (Chekuri et al., 2023):

Inhibition of α-glucosidase Enzyme Assay: The inhibitory 
activity on α-glucosidase was determined by incubating 
a solution of the starch substrate (2% w/v maltose or 
sucrose) with 1mL 0.2 M Tris buffer (pH 8.0) containing 
concentrations of Acalypha indica leaves extracts for 5 min 
at 37°C. The reaction was initiated by adding 1mL of the 
α-glucosidase enzyme to it, followed by incubation at 37°C 
for 10 min. Then, the reaction mixture was heated for 2 min 
in a boiling water bath to stop the reaction. The amount 
of liberated glucose is measured by the glucose oxidase 
peroxidase method (Pallapothu et al., 2021). All assays 
were carried out in triplicate and values were presented in 
percentage of inhibition.

Glucose Diffusion Inhibitory Study: Glucose diffusion 
inhibitory study was carried out by using in vitro model 
consisted of a dialysis tube (6 cm X 15 mm) (Spectra/
Por®, MWCO:2000) into which 6 mL of Acalypha indica 
leaves extracts and 2 mL of 0.15 M NaCl containing 
1.65 mM D-glucose were added (Penumala et al., 2017). 
The dialysis tube was sealed at each end and placed in a 
centrifuge tube containing 45 mL 0.15 M NaCl. The tubes 
were shaken occasionally and incubated at 37°C for 3 h. 
The concentration of glucose within the dialysis tube was 
measured and control tests were conducted in the absence 
of test samples. Glucose concentrations were analysed by 
the DNS method. All tests were carried out in triplicate 
and the results were presented as means ± SD (Penumala 
et al., 2017).

Statistical analysis: The experimental results were 
expressed as mean ± standard deviation (SD) of three 
replicates. EC50 values (concentration at which 50% 
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inhibition was achieved) were obtained from the regression 
plots. Where applicable, the results were treated to a one-
way analysis of variance (ANOVA) and the significant 
difference (p<0.05) between means was determined by the 
least significant difference (LSD) using Statistical Package 
for Social Sciences (SPSS) version 15.0 for Windows.

RESULTS AND DISCUSSION

Preliminary Phytochemical Screening: Phytochemical 
screening was performed on all the studied fractions, and 
the results are given in Table 1. The methanol extract 
of Acalypha indica leaves contained almost all classes 
of secondary metabolites such as alkaloids, flavonoids, 
steroids, phenols, carbohydrates, amino acids, proteins, 
terpenoids, diterpenes, triterpenes, polyphenols, and lipids. 

However, saponins were absent in methanol extract of 
Acalypha indica leaves [Table-1].

Quantitative Estimation of Phytochemicals: Table-2 
depicts the quantitation of secondary metabolites such as 
phenolics, flavonoids, and tannins present in the methanol 
extract of Acalypha indica leaves. Compared to other 
extracts, methanolic extract contains the highest amount 
of phenolics, flavonoids and tannins. These estimations 
revealed that the amounts of phenolics and flavonoids were 
higher than tannins. The other extracts had a considerably 
good amount of these secondary metabolites.

GC-MS Analysis: GC-MS analysis of the methanol extract 
of Acalypha indica leaves, identified several compounds as 
shown in Figs. 1, 2, 3 & 4.

S. No	 Phytoconstituents	 Hexane	 Ethyl acetate	 Methanol	 Ethanol

1	 Alkaloids	 +	 +	 +++	 +
2	 Carbohydrate	 +	 +	 ++	 +
3	 Glycosides	 +	 +	 ++	 +
4	 Phenols	 +	 +	 +++	 +
5	 Flavanoids	 +	 +	 +++	 -
6	 Proteins&amino acids	 +	 +	 ++	 +
7	 Steroids	 +	 +	 ++	 +
8	 Tannins	 +	 +	 +++	 -
9	 Saponins	 +	 ‒	 +++	 -
10	 Terpenoids	 +	 +	 +++	 +
11	 Diterpenes	 +	 +	 ++	 +
12	 Triterpenes	 +	 +	 ++	 +
13	 Polysterols	 +	 +	 ++	 +
14	 Lipids	 +	 +	 +	 +

(+ : Present, ‒ : Absent of the particular compound).

Table 1. Phytochemical analysis of Acalypha india extracts

S. No	 Phytochemical	 Quantitative analysis

1	 Alkaloids	 7.20+0.05
2	 Flavonoids	 2.18+0.03
3	 Glycosides	 0.05+0.00
4	 Saponins	 4.30+0.02
5	 Steroids	 0.50+0.00
6	 Phenols	 0.080+0.00
7	 Terpenoids	 0.40 +0.01
8	 Anthraquinones	 1.40 + 0.03
9	 Taninns	 4.80 + 0.03

Table 2. Acalypha indica   leaf methanolic extract quantitative 
phytochemical analysis

Figure 1: GC-MS analysis of the methanol extract of 
Acalypha indica leaves
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Antioxidant Activity: The DPPH radical scavenging 
activities of extracts of Acalypha indica leaves at different 
concentrations are shown in Table-3 and Figure-5, and were 
compared to ascorbic acid as reference. methanol extract 
of Acalypha indica leaves demonstrated the highest DPPH 
radical scavenging activity at concentrations ranging from 
5μg/mL to 25μg/mL, when compared to the other extracts, 
which showed only moderate activity.

Figure-5 demonstrates the DPPH scavenging activities 
of extracts of Acalypha indica leaves at different 

Figure 2: GC-MS analysis of the methanol extract of 
Acalypha indica leaves

Figure-3: GC-MS analysis of the methanol extract of 
Acalypha indica leaves

Figure 4: GC-MS analysis of the methanol extract of 
Acalypha indica leaves

concentrations. methanol extract of Acalypha indica leaves 
showed DPPH decomposition activity in a dose dependent 
manner, measured highest at 25μg/mL. Moderate DPPH 
scavenging activities were noted with other extracts of 
Acalypha indica leaves but less compared to methanol 
extract of Acalypha indica leaves or ascorbic acid (Erum 
et al., 2017).

Concentration
(µg/ml)	                     % Inhibition of DPPH free radical
	 BHA	 MEAL

5	 72.1± 1.7	 66.0 ± 2.1
10	 79.6 ± 2.4	 73.7 ± 3.5
15	 93.3 ± 2.3	 78.9 ± 2.6
20	 95.6 ± 1.7	 84.1 ± 2.3
25	 96.9 ± 1.5	 89.8 ± 2.5

Table 3. DPPH activity MEAL

Figure 5: DPPH activity of MEAL
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Figure-6, table-4 and Figure-7 & table-5 depicts the ABTS 
and NO percentage inhibition using the extracts of Acalypha 
indica leaves at different concentrations. These results 
clearly indicated that the methanol extract of Acalypha 
indica leaves can potentially inhibit ABTS and NO in a 
dose-dependent manner. 

other hand, the other extracts of Acalypha indica leaves did 
not show significant ɑ-amylase inhibitory activities when 
compared to methanol extract of Acalypha indica leaves 
and acarbose. A comparison of ɑ-amylase inhibitory activity 
between the standard drug acarbose and Acalypha indica 
extracts is depicted in Fig. (8).

Concentration
(µg/ml)	             % Inhibition of ABTS radical scavenging activity
	 BHA	 MEAL compound

5	 70.2 ± 2.9	 62.0 ± 232
10	 81.3 ± 2.4	 68.3 ± 3.5
15	 92.5 ± 2.4	 72.2 ± 3.7
20	 94.7 ± 1.8	 77.1 ± 1.3
25	 96.1 ± 1.5	 82.5± 1.5

25	 96.9 ± 1.5	 89.8 ± 2.5

Table 4. % Inhibition of ABTS radical scavenging activity

Figure 6: % Inhibition of ABTS radical scavenging 
activity

Concentration
(µg/ml)	              % Inhibition of Nitric oxide scavenging activity
	 BHA	 MEAL 

5	 70.9 ± 9.5	 65.0 ± 2.1
10	 70.5 ± 2.6	 72.2 ± 3.6
15	 93.1 ± 2.2	 75.9 ± 2.7
20	 95.9 ± 1.8	 82.1 ± 2.2
25	 96.3 ± 1.2	 88.4 ± 2.8

Table 5. % Inhibition of Nitric oxide scavenging activity

In vitro Alpha-amylase Inhibitory Activity: The results 
of the current study demonstrated a dose dependent 
increase in percentage inhibitory activity against the 
ɑ-amylase enzyme. The methanol extract of Acalypha 
indica leaves had significant inhibitory activity (p < 0.05) 
of the ɑ-amylase enzyme that was the highest at a dose of 
500μg/mL, in contrast with the standard acarbose. On the 

Figure 7: % Inhibition of Nitric oxide scavenging activity

Figure 8: In vitro Alpha-amylase Inhibitory Activity of 
MEAL

Figure 9: In vitro α-glucosidase Inhibitory Potential Activity 
of MEAL

In vitro α-glucosidase Inhibitory Potential: The results of 
the antidiabetic study using α-glucosidase inhibitory assay 
of the extracts of Acalypha indica leaves are shown in Fig. 
(9). Among all the extracts, methanol extract of Acalypha 
indica leaves established a significant (p<0.05) inhibitory 
action of α-glucosidase enzyme in a dose-dependent manner 
when compared to other extracts.

Kumar N et al., 

 199 Evaluation of Antioxidant and Antidiabetic Potential	       BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS



Glucose Absorption Inhibition Activity: A simple model 
was used to investigate glucose absorption inhibition by 
extract of Acalypha indica leaves shown in Fig. (10). 
methanol extract of Acalypha indica leaves exhibited the 
highest potential in inhibiting the movement of glucose 
molecules across the dialysis membrane when compared to 
the control. Other extracts were less effective in preventing 
the diffusion of glucose molecules when compared to 
methanol extract of Acalypha indica leaves.

Diabetes mellitus (DM) is a metabolic disorder, with 
an increasing trend in occurrence all over the world. 
Conventional medication offers great clinical chances 
and demonstrates a splendid future in the treatment and 
management of DM and its complications (Parim et 
al., 2019). In spite of the fact that various types of oral 
antihyperglycemic drugs along with insulin are used for 
the treatment of DM, there is a renewed interest in patients 
to use natural products with antidiabetic action (Montero-
Muñoz et al., 2020). A considerable amount of conventional 
or indigenous drugs are also compelling the cutting edge 
arrangement of prescription. In the present investigation, 
we made an endeavor to prepare different solvent extracts 
of Acalypha indica leaves and assessed their antioxidant 
and antidiabetic activities (Brahma et al., 2014).

Since DM is a life style and health threat to our population; 
researchers around the globe are trying to identify natural 
active agents by screening phytochemicals (Ninave et al., 
2022). In a previous study, a phytochemical screening of 
different plant extracts of the demonstrated the presence 
of exacerbates, which accounted for its activities (Brahma 
et al., 2015). We found that our methanolic extracts of 
Acalypha indica leaves contained very high amounts of total 
phenolics, total flavonoids, and tannin content compared to 
individual plant extracts. Phenolics, flavonoids and tannins 
are one of the most widespread groups of natural constituents 
found in the plants, which can neutralize the free radicals 
and showed antioxidant activity through scavenging or 
chelating, and also reported having antidiabetic activities 
(Erum et al., 2015) (Shafodino et al., 2023).

Figure 10: Glucose Absorption Inhibition Activity of 
MEAL.

Free radicals like reactive oxygen species (ROS) are 
associated with DM, metabolic disorders, obesity, 
inflammation, cardiovascular disarranges, atherosclerosis, 
aging and neoplastic ailments (Shafodino et al., 2023) 
(Mopuri et al., 2017). The balance between the rate of free 
radical generation and elimination is essential. Abundance 
in cell radical generation can be hurtful; in any case, if there 
is a critical increment in a radical generation or abatement 
in radical elimination from the cell, oxidative cellular stress 
follows (Penumala et al., 2017). Experimental evidence and 
clinical proof suggest that oxidative stress is associated with 
DM initiation and progression (Oyebode et al., 2021).

In the present investigation, we assessed the antioxidant 
activities of different solvent extracts of Acalypha indica 
leaves by using DPPH radical and H2O2 scavenging action, 
TBARS test and measuring total antioxidant activity. 
DPPH is a steady, nitrogen focused free radical, which, 
after receiving hydrogen from the antioxidants present in 
the polyphenolic extract, is converted to diphenylpicryl 
hydrazine (Mouli et al., 2012). The noted decrease of DPPH 
by the methanolic extracts of Acalypha indica leaves was 
either because of the exchange of a hydrogen atom or the 
exchange of an electron. 

Phenolic compounds and flavonoids are additionally 
thriving hydrogen benefactors, which make them great 
antioxidants (Priya et al., 2016). H2O2 is a weak oxidizing 
agent and can directly inactivate a few enzymes, usually by 
the oxidation of essential thiol groups. H2O2 can cross cell 
membranes rapidly, and once inside the cell, H2O2 likely 
reacts with Fe2+ and possibly Cu2+ ions to form hydroxyl 
radicals, which are detrimental for the cells. The secondary 
metabolic compounds may go about as free radical 
scavengers on account of their hydrogen giving capacity 
and scavenging capacity (Agrawal et al., 2023).

Our investigation showed that the total antioxidant capacity 
of methanolic extracts of Acalypha indica leaves was much 
higher compared to other solvent extracts. A few reports have 
indicated direct correlation between total phenolic contents 
and antioxidative activity. The chemical composition and 
chemical structures of active components of the extracts are 
significant elements contributing to the adequacy of natural 
antioxidants (Chakraborty et al., 2023) (Thepwiwatjit et al., 
2022). In this study, we found high amounts of total phenolic 
content, flavonoids, tannins, and bioactive factors by GC-
MS in methanolic extracts of Acalypha indica leaves. These 
components may account for the potent antioxidant activity 
shown by methanolic extracts of Acalypha indica leaves. 
However, a further detailed study is necessary to confirm the 
action of individual compounds present in the methanolic 
extracts of Acalypha indica leaves.

Carbohydrate hydrolyzing enzymes, principally α- 
amylase and α-glucosidase, contribute to postprandial 
hyperglycemia. α-amylase initiates the procedure of 
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carbohydrate digestion by hydrolysis of 1, 4-glycosidic 
linkages of starch and glycogen (polysaccharides) to 
disaccharides, and α- glucosidase mediates the further 
hydrolysis of disaccharides to monosaccharides, which 
leads to postprandial hyperglycemia (Penumala et al., 2017) 
(Parim et al., 2015. Therefore, inhibition of α-amylase 
and α- glucosidase are useful in the management of 
hyperglycemia as they delay carbohydrate digestion, which 
subsequently diminishes the postprandial plasma glucose 
level. Ongoing advances in understanding the action of 
intestinal enzymes (α-amylase and α-glucosidase both are 
significant in starch assimilation and glucose retention) have 
led to the improvement of pharmacological agents. High 
postprandial blood glucose levels are related to micro and 
macrovascular complications in diabetes and its associated 
cardiovascular diseases. an α- glucosidase enzyme secreted 
by the intestinal lumen plays an important role in the 
digestion of carbohydrates by breaking down starch and 
oligosaccharides to monosaccharides before they can be 
absorbed. 

It is recommended that concealment of the movement of 
such digestive enzymes would defer the debasement of 
starch and oligosaccharides, which would reduce glucose 
absorption and subsequent decrease in postprandial blood 
glucose levels (Hanuma et al., 2021). α-glucosidase 
inhibitors like acarbose and miglitol impede the processing 
of carbo- hydrates and hinder the assimilation (Meriga et al., 
2012). Consequently, one of the restorative methodologies 
for decreasing postprandial blood glucose levels in patients 
with hyperglycemia is to counteract the assimilation of 
carbohydrates after meals. Restraining these enzymes 
(α-amylase and α-glucosidases) diminished the high 
postprandial blood glucose peaks in diabetes (Sahukari et 
al., 2021). Acarbose and miglitol also inhibit α-glucosidases 
and reduce the assimilation of starch and disaccharides 
(Sivasankari et al., 2014), (Perez et al., 2006) & (Penumala 
et al., 2017).

The α-amylase inhibitors are used as aide supplements 
that deter the assimilation and ingestion of carbohydrates. 
Acarbose, a perplexing oligosaccharide, restrains the 
activity of pancreatic amylase in breaking down starch. 
At the same time, synthetic inhibitors cause several side 
effects, such as abdominal pain, diarrhea, and soft feces 
in the colon (Oyebode et al., 2017). On the other hand, 
plant-based compounds and products derived from natural 
sources have been documented for their effective inhibitory 
activities of the enzymes, but have no or fewer side effects 
(Penumala et al., 2017). Our finding uncovers that different 
solvent extracts of Acalypha indica leaves productively 
holds back α-amylase enzyme activity in vitro, although 
the mechanism of inhibition requires detailed investigation. 
However, a previous report suggests that the plant secondary 
metabolites may cause conformational changes in structure 
(Montero-Muñoz et al., 2020).

Methanolic extracts of Acalypha indica leaves also showed 
noteworthy inhibition of glucose movement into the external 
solutions across the dialysis membrane. These outcomes 
suggest that the glucose lowering effects of methanolic 
extracts of Acalypha indica leaves might be due to reduced 
glucose absorption. The main mechanism behind the role of 
dietary fiber in bringing down postprandial serum glucose 
is the viscosity of various dietary strands, which hamper 
diffusion of glucose, thus, interfering with absorption and 
digestion of carbohydrates (Brahma et al., 2014). Gallagher 
et al. examined the capacity of various plants to repress 
glucose dispersion. 

The various phytochemical compounds such as polyphenolic 
compounds, triterpenoids and other bioactive compounds 
present in the plant may contribute to the observed glucose 
lowering impacts of the extracts (Mopuri et al., 2017). 
Tannins, flavonoids, saponins, alkaloids and other bioactive 
mixes present in the plant are theorized to contribute 
to the hypoglycemic impact (Oyebode  et al., 2018) 
(Penumala et al., 2017). Hence, the observed α-amylase 
and α-glucosidase inhibitory effects might be due to the 
presence of these phytoconstituents. In the current study, 
we found that the glucose lowering effect of methanolic 
extracts of Acalypha indica leaves is higher than that of 
any of the different solvent extracts, which might be due 
to the less number of phytochemicals.

CONCLUSION

In conclusion, our results reveal that the methanolic extracts 
of Acalypha indica leaves contains a high amount of 
secondary metabolites and bioactive components, which 
have therapeutic potential. We found that the methanolic 
extracts of Acalypha indica leaves has free radical 
scavenging activity and inhibitory action against α-amylase 
and α-glucosidase. These properties could be explored for 
the management of postprandial glycemia in individuals 
with type 2 DM. Although the effects have been set up 
in vitro, these results suggest that methanolic extracts of 
Acalypha indica leaves may be a potential dietary health 
supplement. Further detailed examinations are in progress 
to elucidate whether the methanolic extracts of Acalypha 
indica leaves has antidiabetic potential by in vivo for 
corroborating the traditional claim of Acalypha indica.
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ABSTRACT
The modernization of the society has made our  environment  face a series of changes. One among them is the enzymatic method 
produced by microorganisms from any waste. Considering the fruit waste globally several industrial uses have been fulfilled by the 
fruit waste. The most abundant enzyme now a days is protease from papaya waste isolated from Bacillus spp.  Alkaline protease has 
been choosen for the detergent industries widely since it has pH range over 7.5. It performs more effectively in decomposing proteins. 
Since, it is stable over wide temperature and pH range. 

The aim of the study was to isolate alkaline protease enzyme from fruit waste and its applications as detergent against three different 
stains such as blood stain, banana stain and tea stain. Papaya fruit waste was used to extract protease enzyme to create a useful detergent 
for stain removal. The enzyme’s activity was tested at different pH and temperature, and the best results were obtained from three 
samples. The study suggests that alkaline protease enzyme from papaya waste is effective in removing protein stains and could help 
manage solid waste while being produced at lower temperature.

KEY WORDS: Alkaline Protease,Bacillus Species, 
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INTRODUCTION

Fruit and vegetable waste is the ever growing global 
question. Several techniques have been developed to 
facilitate the waste into possible sources of energy and 
helps in reducing the environmental pollution. Globally, 
the overall production of fruits and vegetables is about 
675 million metric tons annually and out of the which 1.3 
billion ton wastage is produced. India alone produces 86.602 
million metric tons of fruits and vegetables and constitute 
about 5.6 million ton of waste annually. Manyof the garbage 
are removed in ecologically unsustainable manner or the  
minimum quantity of waste was enzymatically decomposed 
with microorganisms due to their ability to secrete enzymes 
(Elvira C et al. 1998 Chao et al. 2017).Papaya is a  popular 
fruit consumed worldwide and its well known for food and 
nutritional values. It is used in food industries, detergent 
industries, chewing gum industries etc. As a result, the  
industries generate huge amounts of papaya peel (PP) and 
seeds as by-products, which are typically considered a waste, 
and thus discarded, but that can be converted into many 
value-added products (Pathak et al. 2019).

Now a days enzymes play a key role in industrial areas. The 
two major enzymes from papaya include lipase and protease. 
Commercial proteases account for nearly 60% of the total 
industrial enzyme market (Katsuhisa et al., 2007). Bacillus 
sp is the most important group of bacteria that are involved in 
the the enzyme industry and this bacterium is also known to  
produce proteolytic enzymes quite effectively (Patel 1985).
Although many other classes of enzymes are currently in 
industrial use, the focus of this paper is on alkaline proteases 
from bacterial species. This is because the organisms 
producing enzymes capable of catalysing the reactions at 
the extremes of pH above neutrality (Arunachalamand  & 
Saritha  2009).  The genus Bacillus is vital for commercially 
important alkaline protease which is active at alkaline pH 
ranging between 9 and 11 .The detergent industry consumes 
alkaline proteases most abundantly (Moon, & Parulekar 
1991). The largest application of protease is in laundry 
detergents and leather industry, where they remove protein 
based stains from clothes and dehairing purpose, respectively. 
As the modern world focuses on ecofriendly products and 
product output, subsequently more chemical processes are 
being replaced by enzymatic methods (Manavalan et al., 
2020  Bektas et al 2023).

Protease is one of the important enzymes used in textile 
industry. The presently available proteases are not sufficient 
to meet industrial demands. Hence; there is continuous search 



for new proteases with novel characteristics for industrial 
application from diverse bacteria isolates. Microbes from 
varied habitats have been examined by many researchers to 
obtain the industrially suitable proteases. This  present study 
was to discuss about the isolation of alkaline protease  from 
the fruit waste papaya peel and discuss the stain removal  
(detergent activity) against the different stains as made.

MATERIAL AND METHODS

Isolation and characterization of microorganism:  
Protease producing isolates were analysed from the papaya 
peel using a skim milk agar plates after incubation. Among 
the isolates, Bacillus species exhibited a prominent clear 
zone. Pure culture was obtained for the best three isolates of 
clear zone after the incubation period of 24-48 hrs at 370C. 
This  was selected for the study of protease production. 
This was maintained at 40C in skim milk agar plates[10]. 
The morphological and physiological properties of the 
isolate were investigated according to Bergey’s manual of 
determinative bacteriology (Towatana 1999 & Becerra et 
al., 2016). 

The three bacterial isolates were inoculated separately to 
three conical flasks containing 100 ml nutrient broth and 
incubated over 2-3 days period at 37⁰ C in a rotary shaker. 
Nutrient  broth without bacterial inoculation kept as control. 
The contents of the flasks were collected in a centrifuge 
tube and it was centrifuged at 10000 rpm for 10 minutes 
at 4⁰ C in order to get the cell free supernatant containing 
crude enzyme.

Quantitative analysis of protease enzyme activity: 
Protease activity in the culture supernatant was determined 
a by using casein as a substrate.  A mixture of 500 μl of 
1% (w/v) of casein in 50 mM phosphate buffer, pH 7 and 
200 μl crude enzyme extract were incubated in a water 
bath at 40°C for 20 minutes. After 20 minutes, the enzyme 
reaction was terminated by the addition of 1 ml of 10% 
(w/v) trichloroacetic acid (TCA) and was kept at room 
temperature for 15 minutes. Then, the reaction mixture 
was centrifuged to separate the unreacted casein at 10,000 
rpm for 5 minutes. The supernatant mixed with 2.5 ml of 
0.44M Na2CO3. 1 ml of 3-fold diluted FollinCiocalteus 
phenol reagent was added (Lu et al., 2018).

The resulting solution was incubated at room temperature in 
the dark for 30 minutes and absorbance of the blue colour 
developed was measured at 660 nm against a reagent blank 
using a tyrosine standard (Sony & Potty 2016). This was 
modified as Lowry’s method (Lowry et al., 1951).  One unit 
of protease is defined as the amount of enzyme that releases 
1 μg of tyrosine per ml per minute under the standard 
conditions of supernatant solution.
Enzyme activity was calculated by the formula

Effect of pH on enzyme activity: The culture was 
incubated at 370C for 48hrs and the pH was adjusted 
using different buffers ranging from 3-9. The OD values 
of enzyme activities  were taken in spectrophotometer at 
600nm (Badhe et al., 2016).

Table 1. Activity performed with different dilutions against different stains

Effect of Temperature on enzyme activity: To study the 
optimum temperature where an enzyme shows its maximum 
activity were exposed to different temperature ranging from 
40C – 1000C. After incubation the OD values were taken in 
spectrophotometer at 600nm (Olajuyigbe et al., 1980).

Stain removal activity with crude enzyme: The three 
sample broths were taken for the washing activity. 

Application of protease enzyme by isolated organism as a 
detergent additive was studied (Kalapana et al., 2008). The 
washing test is performed with the three prepared broth 
samples for three different stains.

Partial Purification Method:  Based on this washing 
test the best stain removal test sample medium 10-5was  
identified and done partial purification for the sample  by 
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saturated  Ammounium sulphate method (Mark et al., 
2002).

Characterization of Proteins Using SDS-PAGE analysis: 
Electrophoresis is the process of migration of charged 
molecules in response to an electric field.Proteins have a 

net charge at any pH other than their isoelectric point (pI), 
thus when placed in an electric field, proteins will migrate 
towards the electrode of the opposite charge. This principle 
is used to separate molecules of differing charges (Sanbrook 
et al., 1989).

Table 2.  Activity performed with effective broth dilution against different stains

Stain removal capability after partial purification:  
The washing test activity is done again after the partial 
purification method to identify the capacity of the enzyme 
in stain removal ability. The three different stains were 
tested against the sample 10-5 medium. The stain removal 
of the enzyme was studied along with the detergent powder. 
The stain removal was studied under the following ways 
in table 2

RESULTS AND DISCUSSION

Isolation and characterization of microorganism: Out 
of 86 isolates screened the best hydrolysis zone were 
obtained for three isolates after 48hrs of incubation at 370C 
. The zone of isolation of three three isolates were named 
as S1,S2,S3. The zone of hydrolysis on skim milk agar is 
shown in Fig.1 Their morphological and physiological study 
for casein hydrolyse study as as shown in table 2 and 3.

Estimation of  Protease activity:  The maximum enzyme 
activity was given by the sample test 1 which showed its 
higher activity at 0.45nm. The enzyme acidity gradually 
increased as the substrate concentration also increased and 
also there was a gradual decrease in the test 2 and 3 with 
its substrate concentration. Table 4 shows the test samples 
enzyme activity.

Optimization of growth using Temperature and pH: The 
enzyme showed the best activity between temperature range 
250C and 450C with maximum activity at 370C. As the 
graph shown in (Fig 2) the enzyme was constant and stable 
at 370C. At 450C and above it started to decrease its activity 
and get completely inactivated by 120 min at the further 
temperatures. And in the same way the enzyme showed the 
reasonable activity between the pH 8 and 11 with maximum 
activity at 10 as shown in (Fig 3) which shows enzyme was 
stable at 10. At above pH 11 the enzyme started to reduce 
its activity after few minutes and get inactivated by 90min 
at further pH.

Fig 1(a): Growth of microbes 
in  10-5dilution

Fig 1(c) : Growth of microbes 
in 10-9dilution

Fig 1(b):  Growth of 
microbes in 10-7dilution

SI.No	Gram staining	 Negative staining	 Spore staining

S1	 Positive	 Short chains	E ndo spores
S2	 Positive	 Short chains	E ndo spores
S3	 Positive	 Short chains	E ndo spores

Table 3. Shows the results of Morphological study

Stain removal activity with crude enzyme: A good 
detergent additive protease enzyme must have a cabaple 
to remove the protein stains by cleaving the protein bond 
breakage. Therefore, the effects of various oxidizing agents 
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and surfactants on the protease enzyme were studied.
stability of enzyme towards these stains were also analysed 
with the incubation period of 60min and 120mins (Kumar; 
Takagi 1999 & Joo 2005). protein stability has commercially 
wide applications in detergent industry has been reported 
in many studies (Kumar & Bhalla 2004) Oxidizing agents 
are major ingredientsof modern bleach based detergents. 
Alkaline protease from bacillus shows extreme stability 
towards oxidizing agents (Nadeem et al., 2013).
 

of 2hrs .The best results were obtained from the sample 1 
isolate  as shown in  (Fig 2,3 and 4).

Partial  purification and molecular weight determination: 
To obtain proteins from cell free culture filtrate the sample 
1 isolate  were partially purified with ammonium sulphate 
at 75%(w/v)saturation by adding  powdered Ammonium 
sulphate slowly with continuous stirring . The yield of 
protein was 2.30mg/mL, with a total activity of 415.26U/
mL per min. This yield of partially purified protein was 
undergone for molecular weight determination by SDS 
-PAGE analysis and the result was shown in the( Fig 5)

Washing test with partially purified enzyme: The 
enzyme with extreme stability towards oxidizing agent is 
commercially significant as the peroxidise are common 
ingredients of bleach based detergents. The enzymes 
prepared are mostly stored under low temperatures which 
will prevent its denaturation  if the enzymes can withstand 
room temperature it is very useful  in lifetime of a detergent 
product. So by consisdering these issues the partially 
purified enzyme sample 1 isolate  has withstand its room 
temperature and also removed the  blood stain, banana stain, 
tea stain. Thus this reveals its use in detergent industry. The 
washing test performed  is shown in ( Fig 6,7, and 8.)

Sample 	 Growth 	  Zone of 
		  inhibition(mm)

S1	 Yes	 15mm
S2	 Yes	 11mm
S3	 Yes	 9mm

Table 4. Shows the results of Physiological study :
 Casein hydrolyse test:

By consisdering these facts the washing test were perfomed 
for the blood stain, banana stain,tea stain with crude enzyme 
of three isolates were washed after the incubation period 

Table 5. Estimation of protein by Lowry’s method

Graph 1: Shows the growth rate in pH  values Graph 2: Shows the growth rate in Temperature values
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Figure 2(a) : Stained blood clothes in S1 sample.

Figure 2(b) : After 2 hrs the washing activity shows best

Figure 3(b) : After 2 hrs the 
washing activity shows best

Figure 3(a): Stained 
banana clothes in S1 
sample.

Isolation and characterization:

Growth of Bacillus sp., in different dilutions

Partial purification and molecular weight 
determination:

Fig 4(b) : After 2 hrs the 
washing activity shows best                                                                                 
in S1 sample

Figure 4(a) : Stained tea 
clothes

Figure (5) : SDS-PAGE analysis of isolated 
protease from papaya peel waste.

Lane -1 : Marker, Lane -2 : Crude lane, Lane -3 : Partial 
Purified lane    Marker : 10kda , 50kda, 75kda, 100kda

Lane -1 : Marker, Lane -2 : Crude lane, Lane -3 : Partial 
Purified lane    Marker : 10kda , 50kda, 75kda, 100kda

Molecular weight of crude proteins:

1st band – 82kda, 2nd band- 68kda, 3rd band- 12kda
Molecular weight of partially purified proteins:   

1stband -81kda, 2nd band- 47kda,  3rd band – 10kda

Washing test with partially purified enzyme:

Banana stain:

Figure 6(b) : Washing activity 
after 2hrs proved best partially 
results in 10-5 

Figure (6a) Blood stained 
clothes purified protein

Fig (7a)  Banana stain clothes 

in partially purified protein

Fig: (7b) Washing activity after 2hrs 

proved best results  in 10-5
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Fig (8a):Banana stain clothes in partially purified protein Fig (8b): Washing activity after 2hrs proved best results   
in 10-5

Tea stain:

CONCLUSION

Papaya fruit waste was used to extract protease enzyme to 
create a useful detergent for stain removal. The enzyme’s 
activity was tested at different pH and temperature, and the 
best results were obtained from three samples. Washing 
activity was performed with three different stains, and the 
best sample was identifies as 10 - 5 broth, showing the 
best stain removal activity after 2 hours.The sample was 
partially purifies and tested again, confirming the presence 
of protein by SDS - PAGE analysis with a specific molecular 
weight The study suggests that alkaline protease enzyme 
from papaya waste is effective in removing protein stains 
and could help manage solid waste while being produced 
at lower temperature.

ACKNOWLEDGEMENTS

The authors acknowledge the use of instrumentation 
and infrastructure facilities provided  by DST-FIST  and 
DBT-  under Star College Scheme, Ministry of Science 
and Technology, Goverment of  India  for the successful 
completion of  the project. We thank the host institution  
Dr. N.G.P Arts and Science College and its  management 
for rendering all the facilities and support.

REFRENCES
	 Arunachalamand C  K. Saritha (2009).  Protease enzyme: 

an eco-friendly alternative for leather industry. Indian 
Journal of Science and Technology Vol.2 No. 12 ISSN: 
0974- 6846.

	 Badhe,p.,Joshi, M.,Advarekar,R. (2016). Optimized 
production of  extra cellular protease by   Bacillus subtilis 
from degraded abattoir waste .J  BioSci Biotechnol. 9 
(5),29-31.

	 Becerra SC, Roy DC, Sanchez CJ, Christy RJ, Burmeister 
DM (2016). An optimized  staining technique  for 
the detection of  Gram positive and Gram negative 
bacteria within tissue. BMC Res Notes.  12;9:216. doi: 

10.1186/s13104-016-1902-0. PMID: 27071769; PMCID: 
PMC4828829.

	 Bektas, K Inan  Aleyna Nalcaoğlu, Esma Ceylan (2023) 
Isolation and characterization of detergent-compatible 
amylase-, protease-, lipase-, and cellulase-producing 
bacteria Brazilian Journal of Microbiology volume 54, 
pages725–737 

	C hao Ji., Chui-Xue Kong, Zi-Li Mei, Jia (2017). A Review 
of the Anaerobic Digestion of fruit and vegetable waste. 
Appl Biochem Biotechnol. 183(3):906-922.

	E lvira C, Sampedro L, Benitez E, Nogales R (1998). 
Vermicomposting of sludges  from paper mill and dairy 
industries with Eisenia anderi: A Pilot – Scale study. 
Biores. Technol 63: 205-211.

	 Gupta, R., Beg Q. & Lorenz, P. (2002)  Bacterial 
alkaline proteases: molecular approaches and industrial 
applications. Applied Microbiology and Biotechnology 
59 pg15-32.

	 S. Sony and V. P. Potty (2016). Quantitative Estimation 
of Protease Produced by Bacterial Isolates from Food 
Processing Industries. International Journal of Engineering 
Research & Technology (IJERT). volume 5 isue 10.

	 Joo, H.S., C.S (2005). Production of protease from a 
new alkalophilic Bacillus sp.I-312 grown on soya meal: 
optimization and properties. Process Biochem,40(3),1263-
1270.

	K alapana Devi, M.,Raseedha Banu, A., Gnanaprabhai,G. 
R., Pradeep,B.V., Palaniswamy, M. (2008). Purification 
and characterization of alkaline protease enzyme from 
native isolate Aspergillus niger and its compatibility with 
commercial detergents.Ind J Sci Technol,1 (7), 1-6.

	K atsuhisa Saeki, Katsuya Ozaki, Tohru Kobayashi (2007). 
Detergent alkaline proteases: enzymatic properties, 
genes, and crystal structures, Journal of Bioscience and 
Bioengineering,Volume 103, Issue 6 , Pages 501-508, 
ISSN 1389-1723.

	K umar, C. G., Takagi, H (1999). Microbial alkaline 
protease:  from a bioindustrial view point . Biotechnol 
Adv; 179(7),561-594

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS	         Isolation of Alkaline Protease from Fruit 210

Indhumathi et al.,



	K umar,D., Bhalla, T.C (2004). Purification and 
characterization of a small size protease from Bacillus 
sp. APR-4 Ind j exp boil, 42(5),515-521.

	L owry,O.H.,N.J.Rosebrough,A.L.Farr, and R.J.Randall 
(1951). protein measurement with folin phenol 
reagent.J.Biol.chen. 193: 256-275.

	 Lu Z, Guo W, Liu C (2018). Isolation, identification and 
characterization of novel Bacillus subtilis. J Vet Med Sci. 
24;80(3):427-433. doi: 10.1292/jvms.16-0572. Epub 2018 
Jan 23. PMID: 29367516; PMCID: PMC5880821.

	 Manavalan T, Manavalan A, Ramachandran S, Heese K 
(2020). Identification of a Novel Thermostable Alkaline 
Protease from Bacillus megaterium-TK1 for the Detergent 
and Leather Industry. Biology (Basel). 16;9(12): PMCID: 
PMC7765983.

	 Moon, S.H. and S.J. Parulekar. (1991). A parametric .study 
of protease production in batch and fed  batch cultures of 
Bacillus firmus. Biotechnol. Bioengg., 37: 467-483. 

	N adeem,  M., Qazi, J. I., Syed, Q., Glusher, M. (2013). 
Purification and characterization of alkaline protease from 
Bacillus licheniforms UV-9 for detergent formulations. 

Songklanakarin J Sci  Technol. 35(2), 187-195.
	 Olajuyigbe, F.M., Falade,A. M. (2014). Purification and 

partial characterization of serine alkaline mettaloprotease 
from Bacillus brevis MWB-01. Bioresources and 
Bioprocessing. 1980,1-10.

	 Page, Mark & Thorpe, Robin. (2002). Purification of 
IgG by Precipitation with Sodium Sulfate or Ammonium 
Sulfate. 10.1385/1-59259-169-8:983.

	  Patel, P.R., (1985). Enzyme isolation and purification. In: 
Biotechnology: Applications and Research. Technomic 
Publishing Co. Inc., USA, pp: 534-564.

	 Pathak, P.D., Mandavgane, S.A. & Kulkarni, B.D (2019). 
Waste to Wealth: A Case Study of Papaya Peel. Waste 
Biomass Valor 10, 1755–1766.

	 Sanbrook,J.,Fritsch,E.F., and Maniatis,T. (1989). 
Molecular cloning: a laboratory manual Newyork. South 
Asian J (2018). Waste Utilization of Fruits and Vegetables. 
Food Technol.  Environ., 4(1): 605-615 [605].

	 Towatana NH, Painupong A and Suntinanaler P (1999). 
Purififi cation and characterization of an extracellular 
protease from alkaliphilic and thermophilic Bacillus 
species PS719. J Biosci Bioeng 87:581–587.

 211 Isolation of Alkaline Protease from Fruit	       BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Indhumathi et al.,



Life Members and Fellows of Society of Science & Nature (MSSN/FSSN), Bhopal, India will be entitled to receive free early on line issues of 1.	
Biosc.Biotech.Res.Comm for life. They will get substantial waivers for publication of their research papers.
Selected life members on the basis of their academic and research contributions will be conferred with Honorary Fellowship of SSN (FSSN),2.
who will be instrumental in scientific awareness programs, particularly encouragement and popularization of science. These members  will be 
appointed reviewers / editors of the Journal in different subject areas. Life Fellow members of SSN will be invited to attend society sponsored 
conferences and seminars in India.

Form
For Member, Society for Science & Nature and  

Bioscience Biotechnology Research Communications 
(MSSN & BBRC)    

AND
Fellow, Society For Science & Nature (FSSN) &

 Member, Bioscience Biotechnology Research Communications 
 (BBRC)

Website: Society: www.ssnb.org.in  Publisher Email- 
Publisher@ssnb.org.inWebsite Journal: www.bbrc.in 

E-mail: bbrc.in.info@gmail.com
Kindly  download the form from the Societys website www.ssnb.org.in  (Photocopies will be accepted). Forms can also be downloaded from our 
journals, Bioscience Biotechnology Research Communications  website www.bbrc.in
Send completed forms by email to editor@bbrc.in or Publisher@ssnb.org.in

Life Membership Fellow SSN (One Time Subscription (FSSN) including Life Member-ship of BBRC is Rs. 6000/- Direct NEFT  to be  made on 
contacting the Managing Editorat bbrc.in.info@gmail.com Foreign Members will have to obtain separate invoices  from editor@bbrc.in for making 
payment to the Society/ BBRC Fellowship.

Name: Dr./Prof. (In capital letters):________________________________________________________________________________________________
Designation & Organization:______________________________________________________________________________________________________________
Qualification & Specialization of Research:_________________________________________________________________________________________________
Present and Past Academic Positions:______________________________________________________________________________________________________
Research Publications Experience Enclose Biodata* with full publications list:___________________________________________________________________
Academic Achievements Memberships of Societies etc.:______________________________________________________________________________________
Mailing Address (With tel./Mob./Email id):_________________________________________________________________________________________________
I wish to become life Member / Fellow of Society for Science And Nature Bhopal, India. I have read the details and agree to abide by them.

Signature
Name and Address / Email

Details of Accompanying Payment NEFT No..................................................................... DD No..............................................................Date.....................................

JOIN AS LIFE MEMBER BIOSCIENCE BIOTECHNOLOGY
RESEARCH COMMUNICATIONS

SUBSCRIPTION FORM FOR BBRC (Only Journal)

Kindly complete this form if you want to become life member/ of BBRC only (Individual Life Member BBRC Rs. 5000/-) I wish to become Life Member 
of Bioscience Biotechnology Research Communications.

Name:_____________________________________________________________________________________________________________________________
Address:____________________________________________________________________________________________________________________________
E-mail:___________________________________________________________________ Signature:_____________________ Date:_______________________
Type of Membership /Life Member, ( MSSN with BBRC) /  Fellow, (FSSN with BBRC)  Amount in  Rs-----------------/-(In words) Paid By NEFT No……..................
NEFT favoring  Treasurer, Bioscience Biotechnology Research Communications, For NEFT  contact the Managing Editor.

Website Society: www.ssnb.org.in  Website Journal: www.bbrc.in 
E-mail: bbrc.in.info@gmail.com Publisher Email:- publisher@ssnb.org.in

BBRC SUBCRIPTION RATES				
1. Life Member (MSSN & BBRC) Only INR 5000/-
2. Institutional Annual Member India Libraries for (Hard Copies of 4 Issues per year Postage Extra) INR 16,000/-
3. Single Hard Copy of Journal per Issue (to be ordered in advance, Postage Extra) INR 4000/-

Join Society For Science & Nature and Avail Multiple Benefits



Declaration about the ownership of
Bioscience Biotechnology Research Communications

Form (IV) [See Rule 3]

1. Place of Publication : Bhopal, India

2. Periodicity of its Publication : Six Monthly

3. Printer’s Name : Ayesha S. Ali On behalf of Society
For Science & Nature

(Whether Citizen of India) : Yes       

Address : H. No. C-52, H.B. Colony, Kohefi za
Bhopal-462001, India

4. Publisher’s Name : Ayesha S. Ali on Behalf of Society
For Science & Nature

(Whether Citizen of India) : Yes

Address : H. No. C-52, H.B. Colony, Kohefi za
Bhopal-462001, India

5. Editor’s Name : Dr. Sharique Ali

(Whether Citizen of India) : Yes

Address : H. No. C-52, H.B. Colony, Kohefi za
Bhopal-462001, India

6. Name & Address of the
individual/

: Ayesha S. Ali

who own the newspaper & 
partners or share holders 
holding more than one percent 
of the total capital

: H. No. C-52, H.B.Colony, Kohefi za,
Bhopal-462001, India

(Whether Citizen of India) : Yes

       I, Ayesha S. Ali hereby declare that the particulars given above are true to the best of my knowledge and belief.

      Date :
      Place :

31st June 2023

Bhopal



Bioscience Biotechnology Research Communications
P-ISSN: 0974-6455 E-ISSN: 2321-4007

 CODEN (USA): BBRCBA
Indexed in Thomson Reuters ISI Now Clarivate Analytics Web of Science (ESCI)

Publishers: Society for Science and Nature, Bhopal India
Journal Unique Identifier:   Cross Ref DOI: http://dx.doLorg/10.21786

Periodicity:  Jan-Feb-March, April-May-June, July-Aug-Sep and Oct-Nov-Dec
Journal Website: https://bbrc.in/

(Important Links of Journal)

Manuscript Processing Flow Chart:1.	  https://bbrc.in/bbrc/wp-content/uploads/2019/05/Flowchart1.pdf
Manuscript Template:2.	  https://bbrc.in/manuscript-template/
Author Ethical Statement & Copyright form /  Plagiarism Check Report:3.	  https://bbrc.in/plagiarism-and-ethical-statement/
Cover letter with Reviewers and their addresses (see template):4.	  https://bbrc.in/wp-content/uploads/2021/10/Cover-letter-Bioscience 
Biotechnology-Research-Communications.pdf
Manuscript On Line Submission:5.	  https://bbrc.in/homepage/submit-article-2/

Instructions for Authors / Detailed MS Submission Guidelines For
Bioscience Biotechnology Research Communications

All manuscripts must be submitted to Bioscience Biotechnology Research Communications
Only through the journals online submission system at https://www.bbrc.in (https://bbrc.in/homepage/submit-article-2/)

Author submitting the manuscript for the first time is required to register online and create a profile as an author. This enables the authors to receive 
login credentials for manuscript submission. Manuscripts must consist of duly completed Author Ethical Statement / Copyright  Form along with 
plagiarism / similarity  level Certificate  of  the submitted MS,  (which should be   less than 20%.  Attach Certificate checked by Ithenticate / Turnitin 
Software). This is a mandatory part of manuscript submission.
 
Before final submission, please make sure that the manuscript conforms to the journal guidelines and instructions to authors for the preparation of the 
manuscript.

MS not prepared as per instructions to authors will not be entertained and will be returned as incomplete submission.
Please note that the journal does not charge any fees for submission of articles, and we do not give any fixed frame of time to publish an article, since 
the review of articles depends upon the reviewers processing time, the editorial assessment, and production. Roughly a MS takes about 60 to 90 days 
from the date of submission to publication, depending upon the review process and number of revisions envisaged.

1. Ethical & Plagiarism Policies of Bioscience Biotechnology Research Communications:
(Author Ethical Statement / Copyright form / Plagiarism Check Report)
 
Plagiarism is the unauthorized use or close imitation of the language and thoughts of another author and representing them as one’s own original work 
and Biosc. Biotech. Res. Comm.  strictly condemns all forms of plagiarism, following a very  vigilant policy of removing this malady. Within the 
academia, it is considered dishonesty or fraud and offenders are subject to academic censure. Plagiarism can be unintentional or intentional, reproducing 
academic material without appropriate credit to the original authors (Citations).

Similarly self -plagiarism is the re-use of significant, identical or near identical portions of one’s own work without citing the original work. This 
is also known as recycling fraud. Worst form of plagiarism is to steal the whole article or in parts from some source and publish it under one’s own 
name in another journal. Plagiarism, fabrication, unethical or redundant publication grossly violates the editorial policies of Biosc Biotech Res Comm. 
which follows best practice guidelines given by the International Committee of Medical Journal Editors (ICMJE) and Committee on Publication Ethics 
(COPE), as mentioned in the Journals  Instructions for Authors. Biosc. Biotech. Res. Comm. strongly condemns any form of plagiarism and unethical 
practices.

All authors submitting their MS to Biosc Biotech Res Comm must complete and sign the ethical statement form  
(downloaded from above link) and append the Plagiarism Check Certificate of their MS along with  ethical statement form,  failing which their 
MS will be not processed further.

Authors submitting their work to Biosc.Biotech.Res.Com must also mention the names, addresses and email ids of three subject experts to serve 
as independent reviewers for their submitted MS, in their cover letter. The reviewers must not be of their Institution, it is not necessary the same 
reviewers will be appointed for their submitted manuscript, selection of independent unbiased reviewers is under the purview of editorial board / 
editors.

Bioscience Biotechnology Research Communications
Open Access International Journal Indexed by Clarivate Analytics USA, Web of Science ISI,  ESCI

https://bbrc.in/plagiarism-policy/


The following files need to be submitted with every article:

1. Cover Letter stating the originality of research and why you think it should be published in Biosc Biotech Res Comm.
along with names / addresses and emails  of 3  external reviewers must be attached,
(See Cover Letter template).
2. Manuscript Text: For preparation and style of MS (See Manuscript Template):
 
The full manuscript should contain first page with  full author  names, affiliation,  ORCID No and the corresponding author  email / ORCID details, 
followed by full text of the MS file in word format, not exceeding 4000 words or 20 pages. All data/tables/figures/Images (images must be submitted 
with the MS in high print-reproducible resolution.
 
2. Article Types: Submission of the following article types is considered for publication in Biosc. Biotech.Res. Comm.

Original Research Articles1.	
Critical Meta Reviews2.	
Case Reports with Discussion3.	
Short Communications4.	
Letters to the Editor / Editorials / Perspectives / Correspondence5.	

(I)  Original Research Articles
Manuscript must be written in good English, typewritten using Times New Roman font size 12 only, double-spaced with one inch margin on all sides. 
All manuscripts must be accompanied by author declaration with ethical certificate signed by the corresponding author and all co -authors that they have 
seen and approved the final version of the manuscript and that the article has NOT been published or submitted to any other journal for publication. 
The corresponding author is responsible for obtaining permission from the copyright owner for the use of any copyrighted material in the submitted 
article.
Each original article must contain the following in the order as:

Title page: Title page should contain the following information:
Main Title of the article followed by short running title, Name (s) of author(s), Department (s)/Institution(s) City / Code & Country, where the work was 
performed, with all author ORCID links, (https://orcid.org/login). E-mail address of the corresponding author marked with an asterisk * is necessary.

2.  Abstract:

Abstract should be factual summarization of the entire work and should NOT TO EXCEED 250 words, with 5 keywords written below it.
Abstract must have following subheadings:

Introduction (Objectives / Rationale), Brief Methods, Results and Conclusion

3. Main Text of the Manuscript: Text must be arranged under the following headings:
1. Introduction
2. Material and Methods
3. Results (Including Tables/Fig/Images)
4. Discussion
5. Conclusion followed by Funding Statements /Acknowledgements (if any).
6. References (Strictly in Harvard Style)

Introduction: This section must provide a brief review of literature, purpose of the study, objectives and the rationale of the research undertaken 
should be given with proper clarity.

Material and Methods: This section of material and methods /procedures should be concise but detailed enough to enable the reader to reproduce the 
experiments / methodology. Commonly used procedures and methods in detail need not be described, but require a reference to the original source.

Results (Including Tables/Fig/Images): Give only brief findings, presented in the form of tables or figures, should be included without duplication 
of presentation and no discussion of the significance of the data, either tables or figures be given, avoid duplication of data.

Discussion should present the significance of the present data under the prevalent understanding and interpretation of the phenomenon. Speculative 
discussion is allowed but it should be concise and corroborated by the presented data.

Conclusion summarizes the study and is drawn from the results and discussion, should not be more than 100 words.

Acknowledgements/ Financial Acknowledgements if any, should be placed at the end of Conclusion before References.

https://bbrc.in/wp-content/uploads/2021/05/Manuscript-Template.pdf


6. References: (Strictly as per Harvard Style)
References in text of the manuscript should be written using last author name (s) without their initials with year in PARENTHESES ( ).

The final bibliography in the References Section should be arranged alphabetically using last name of the author and written in Harvard Style 
as shown below in examples of references: All references must be written in 11 point font Roman letters.

Use Italic styles only for scientific names of organisms, genera, species in the entire MS as well as in the Reference section.
In this section et al should be used only after three names of authors.

In reference section, DOIs / Links of the references from PubMed, WoS–Clarivate Analytics, Scopus, Google Scholar and others must  also be 
provided.

All references should be checked minutely, for their appearance in text as well as in References, incomplete or missing references in the text or in 
Reference List & Vice versa will not be accepted, and the MS will be returned as Incomplete Submission.

a. Example of Reference from a Standard Journal Article:
Ali Sharique A, S Salim, Sahani T, Peter J and Ali AS (2012c) Serotinergic receptors as novel target for optimizing skin pigmentary responses in Indian 
bull frog, Hoplobatrachus tigerinus British Journal of Pharmacology Vol 165 No 5 Pages 1515-1525.

b. Example of Reference from a book:
Falconer DC (1960) Introduction to Quantitative Genetics. Oliver & Boyd Edinburgh 165-185.

c. Reference from article in a book:
Ali, Sharique A, N Parveen and Ayesha S Ali (2021) In Herbal Medicine: Back to The Future, Promoting Melanocyte Regeneration Using Different 
Plants and Their Constituents – Vol 3 (Ed. Ferid Murad, Nobel Laureate) Bentham Science, USA Pages 247-276.

Tables and Figures (or Images): Short, Precise Tables and sharp image figures must be included, complete with legends /footnotes / explanation / units  
should be right below them. The tables and figures pages should be consecutively numbered, and arranged between results and discussion. Position of 
the tables or figures in the text of the MS must be indicated using same numbers.

Instructions for Preparation of Images: An image refers to the following: Graphs, photographs, maps, charts, paintings, drawings, diagrams, etc. 
Images must be embedded within the manuscript text between Results and Discussion of the article, not separately or at the end of the article. Once 
the article is  accepted for publication, the author may be asked for  submission of image in high resolution file formats. It is strongly recommended 
before embedding images in the manuscript, images must be prepared as mentioned below in the image specifications section.

Image specifications: Images must be prepared in accordance with the instructions mentioned on the PubMed Central website: https://www.ncbi.
nlm.nih.gov/pmc/pub/filespec-images/ The key factor for preparation of MS images for sufficient quality is images must have a minimum resolution 
of 300 dots per inch (dpi) for the grayscale (or black and white) and at least 600 dpi for color scale. The acceptable image formats are tiff, jpeg, gif, 
psd or png.

Image Copyright: For any image that the authors have not made themselves, the authors will need to have written permission to reproduce that image, 
even if the image is posted on the internet. It is the author’s responsibility to obtain permission to use the images, not the publishers. Permission must 
be obtained in writing before the article can be submitted. For complete information, please visit the Copyright Agency Limited website: http://www.
copyright.com.au/get-information/about-copyright.

(II) Critical Review Articles / Systematic Reviews / Meta-Analysis
(Simple Reviews Are not considered for publication in Biosc.Biotech.Res.Comm.)

Systematic Reviews or Meta-Analysis should be systematic, critical assessments of most recently updated literature and data sources pertaining to basic 
biological or bio-medical science topics that include a statistical technique for quantitatively combining the results of multiple studies that measure 
the same outcome into a single pooled investigation. Data must be searched for and selected systematically for inclusion and critically evaluated, and 
the search and selection process for compiling the review must be mentioned. The text should NOT exceed 5000 words excluding abstract, references, 
tables and figures.
Each of the sections of the Systematic Review or Meta Analysis articles should include specific sub-sections as follows:

1. Structured Abstract: (Not exceed 250 words):

Objectives, Methodology, Results and Conclusion
2. Introduction: Rationale, Objectives, Research questions
3. Methodology: Study design, Participants, interventions, comparators
4. Systematic Review Protocol: Search strategy, Data sources, Studies Sections and Data Extraction, Data analysis/ Statistical tools used
5. Results and Discussion: In results provide flow diagrams / attractive tables / figures of the studies retrieved for the review, study selection 
characteristics synthesized findings, risk of bias etc.



6. Summary: Abstract of main findings, Limitations, Conclusions etc.
For all other information including title page, typing and reference style etc, please follow the instructions to authors for Research Articles.

(III) Case Reports with Discussion
The case reports, of two or more patients must contain genuinely new interpretational information, discussed with up to date literature. The reports 
should have clinical significance, new adverse effect(s) of a drug or other unique first time observations, etc. Patient consent for publication must be 
obtained from the patient in written or, if this is not possible, the next of kin before submission. The author(s) must have been involved in the care of 
the patient.

Case Report /case  description should start with  a single paragraph  abstract followed by  text, which  should not exceed 2000 words (excluding  
references, tables and figures) with maximum 10 bibliographic references and either three figures or three tables. Case report / case presentation must 
contain:

Brief Abstract (should not exceed 150 words)1.	
Introduction2.	
Case Presentation3.	
Reviews & Discussion4.	
Conclusion5.	
References6.	

 
Patient Consent, Competing interests, Funding Statement, Acknowledgements (if any). For all other information including title page, typing and 
reference style, please follow the instructions for original articles.

(IV) Short Communications
Short communication should be original work, such as complete results of a short pilot study, not merely a preliminary report and should not exceed 
2000 words with one or two figures and/or one table. An editorial decision will be provided rapidly without reviews. For writing and references style, 
follow the same instructions listed above.

(V) Letters to the Editor/Editorials / Perspectives / Correspondence
Opinions on topics and articles recently published in the journal will be considered for publication if they are objective and constructive in nature and 
provide academic interest to the readers. These letters may also be forwarded to the author of the cited article for possible response. The editor reserves 
the right to shorten these letters, delete objectionable comments, make other changes, or take any other suitable decision to comply with the style and 
policies of the journal. For writing and references style, follow the same instructions listed above.

(VI) Editorials
Editorial will be written by one member of the editorial board as solicited by the Editor-in-Chief. The editorial is generally a scientific review on one 
or two of the current topics pertaining to biomedical sciences.

4. Article Processing Charges (APC) and Waivers
Bioscience Biotechnology Research Communications does not have any article submission charges, however authors will be required to pay only 
article processing charges (APC) that too after acceptance of their peer reviewed manuscripts.

We do not have any other charges for publication of MS in Biosc. Biotech. Res.  Comm.  like color print charges  or reprint  charges, author 
subscription charges or  any other fees.

The moderate APC taken from authors contributes to the handling/ editorial/ production / open access/ HTML/ DOI / costs and hence is non-refundable. 
APC is to be deposited via Net Banking/ Electronic Transfer after acceptance of the manuscript only.

Article Processing Charges (APC) for Authors from India- Rs.7000/*
Article Processing Charges (APC) for SAARC Countries – US Dollars 175
Article Processing Charges (APC) for Low Income Countries- US Dollars 250
For All other Countries the APC is US dollars 425
*Waivers available for Non Funded Research.

Publication Fee Waivers: In order to meet the rigorous academic standards on a fast track, the open access journal has some expenses as stated above, 
and for these reasons we charge a very modest article processing fee. Nevertheless, as we believe that lack of funds should not be a barrier to 
quality open access publication, Biosc Biotech Res Comm has a policy to provide significant waivers to deserving authors from middle and 
low income countries without any financial support. Authors can request for a waiver in such cases.

5. Conditions of Acceptance of Manuscripts
Acceptance of Manuscript: On acceptance, the editors retain the right to make stylistic changes in the MS, shorten the material as necessary and decide 
on the date and periodicity of publication.

6. Galley Proofs: Authors will be sent an online copy of the galley proofs to the email id of only the corresponding author. Corrections should be 
confined to typographical errors or matters of accuracy. Authors should return their galley proofs within two days of receipt. If there is a delay in 



returning the proofs beyond the given deadlines the MS will be published in next issue, no changes in the MS will be possible once the author sends 
the corrected galleys.

7. Early On Line Ahead of Print Publication / Final Publication
Early on Line E- Prints, ahead of final publication, is provided by Bios Biotech Res Comm to enable authors and readers to have early and free access 
to their published work.

8. Checklist for Authors While Submitting Their Manuscripts
As part of the on-line submission process, authors should carefully check their submission, using the below Check List for  careful •	
compliance with the following items as the manuscript will be returned to the authors as Incomplete Submission if any of the following 
points is missing.
The main manuscript has been prepared by all the concerned authors, after carefully reading all the Instructions to Authors.•
All authors through the corresponding or principal author have filled and enclosed the Author Ethical Statement, Copy Right and Plagiarism-•
Check Certificate along with their manuscript.
The above forms of Author Ethical Statement, Copy Right and Plagiarism-Check Certificate should be downloaded from journals website•
www.bbrc.in and must be filled, signed by all authors and attached with the MS.
The submission file format is in ˜Microsoft Word document file and not a PDF.•
The text is double-spaced and should be  within the word limit of 4000 words or 20 pages with a 12-point  Roman font•
Italics must be used only for all scientific / Latin / Greek names.•
A single manuscript word file has been submitted that contains title page, short running title, author details, abstract followed by main•
manuscript.

• Check all correct authors names, their addresses, email ID of corresponding author and ORCID link of all authors.
A brief cover letter stating  why the submission is  suitable for Bios Biotech Res Comm must be attached mandatorily  giving names,•
Addresses and e-mail ids of 3 subject experts to serve as unbiased reviewers, who should be from different universities and institutions.•
Main  MS file must be  in word format, single and  must contain  all  text matter headings such as  Title, Short  Running Title, Abstract, MS Main•
Text Matter  Tables / Figures /  and References  in it.
Abstract of 250 words must be written under headings: • Background / Introduction, Objectives and Rationale, Brief Methods, Results and
Conclusion.
Mention  5 key words below the abstract in alphabetical order•
Only 5 subheadings are required in the main MS: • Introduction, Material and Methods, Results & Discussion, Conclusion and References.
Ethical approvals / consent to participate must come in Methodology.  Acknowledgements / funding details (if any) must come after Conclusion•
before References.
All illustrations, figures, and tables are properly numbered and should be arranged between Results & Discussion.•
Size of tables / figures must not be more than half a page. All legends of tables / figures must be written right below them.•
References should be written in text with AUTHOR LAST NAME WITH YEAR IN PARENTHESES ( )•
Strictly as per Harvard Style of References. Do not use any italics for names of Journals or their Volumes Numbers or years•
All references in the References Section must be alphabetically arranged using only the first author’s last name as per Harvard style.•
Use of et al in Reference Section must only be used after writing three author names.•
Name, designation, institution and  email address of three independent reviewers related to the•

Subject area  of  research must be  provided in the cover letter along with the manuscript.

Journal’s  Address:
Head Office: Editor in Chief

Bioscience Biotechnology 
Research Communications,

Post Box No 01 GPO Bhopal 462001 India

Delhi Office: Bioscience Biotechnology 
Research Communications

Care of AIHMS 31, Gautam Nagar, Behind 
AIIMS New Delhi -110049, India

editor@bbrc.in website: www.bbrc.in

Publisher’s Name & Address:
Society For Science & Nature,

C-52 HB Colony, Kohe-Fiza, Bhopal 462001, India
Country: India Website: sssnb.org



 
 

Name of  the 

Scholar 

Fellow Society  for Science  

& Nature (FSSN) and  

Member BBRC 

 

 

Designation and Address of the Scholar  

 

Dr. Sharique A. 

Ali, FLS FRSB 

(UK) 

 

FSSN / BBRC 

 

Professor and Head, Department of Biotechnology Saifia 

Science College, 462001 Bhopal, India 

Dr. Ayesha S. Ali FSSN / BBRC Professor Department of Biotechnology Saifia Science  

College, Bhopal 462001,India 

Dr. J. Peter FSSN / BBRC Associate Professor, RKDF University Gandhi Nagar ,  

Bhopal 462023 India 

Dr. M. Miraj FSSN / BBRC Director, Institute of Health & Management Studies, Gautam 
Nagar New Delhi India 

Prof. D K Belsare 

PhD DSc FNASc 

FSSN / BBRC Biosciences Baylor College of Medicine Houston 

USA. & Barkatullah University Bhopal, India  

Dr. GN Wankhede FSSN / BBRC Professor & Head, Department of Zoology, SGB  

University Amravati (MS) India 

Dr. Sarita 

Shrivastava 

FSSN / BBRC Professor of Chemistry, Govt Motilal Vigyan  

Mahavidyalya , Bhopal India  

Dr. P.M. Makode MSSN / BBRC Associate Professor of Zoology, Venue, Park, Shegaon Naka 

VMV Road, Amravati (MS) India 

Dr. Sunita Yadav MSSN / BBRC Assistant  Professor Department of Zoology, Satya Sai College 

for Women BHEL, Bhopal India Bhopal 

Dr. Romsha Singh MSSN / BBRC Associate Professor, Department of Zoology, MLB Girls College, 
Bhopal India 

Dr Shaima Miraj 

PhD 

FSSN / BBRC College of Health Sciences, Saudi Electronic 

University Riyadh Saudi Arabia 

Dr Sushma Prasad 

PhD 

MSSN/BBRC Zarifa Farm, Kachhwa Road, Karnal, Haryana 

132001, India 

Dr Kamal Zaidi 

PhD 

MSSN/BBRC Department of Microbiology Peoples University 

Peoples Campus, Bhanpur, Bhopal, 462037 India 

Dr. A. D. Lakha FSSN / BBRC Associate Professor of Zoology, Nagazari Area, 

MIT Road, Ambajogai, Beed (MS) 431517 India 

Dr. R. S. Virani MSSN / BBRC Associate Professor Karimabad Society, Pandhar Kawada, 
District, Yeobtmal (MS) India 

Dr. Madhulika. Pal MSSN / BBRC Assistant Professor, Department of Biotechnology Sadhu 

Vaswani College Bhopal, India 

Dr. V.R. Wankhede MSSN / BBRC Assistant Professor, Department of Zoology, Deccan College, 

Pune, India 



Dr. Mrs. V. Ingole MSSN / BBRC Department of Zoology Vidya Bharti Mahavidyalaya, 

Amravati, India 

Dr. U.N. Bhale MSSN / BBRC Associate Professor RTM University, Nagpur, India 

Dr. A.P. Sawane MSSN / BBRC Associate Professor RTM University, Nagpur, India 

Dr. A.D. Bobde MSSN / BBRC Associate Professor RTM University, Nagpur, India 

Dr. R.G. Jadhaw MSSN / BBRC SGB University, Amravati,  Amravati 444604 India 

Dr SK Pal PhD FSSN/BBRC Professor of Genetics Skyline University,  Kano, Nigeria 

Dr. O.N. Tiwari FSSN / BBRC Senior Scientist, Department of   Biotechnology  NE Region 
Imphal, Manipur, India 

Dr. R. K. Singh MSSN / BBRC Research Scientist US  Department of Agriculture   

Washington  DC , USA 

Dr Anjali 

Choudhary PhD 

MSSN/BBRC Department of Biochemistry Opposite to Dussehra Maidan, 

BHEL Square, Sector A, Govindpura, Bhopal, 462023 India 

Dr. V. Meitei FSSN / BBRC Department of   Biotechnology  NE Region Imphal, Manipur, 
India 

Dr. N. Qayyumi MSSN / BBRC Assistant Professor of Zoology, Mittal College  Bhopal, India 

Dr LK Jakkala 
PhD. 

FSSN/BBRC Director Macrocare, Macrocare Towers, Hyderabad Telangana 
500081, India 

Dr. M. Sajid MSSN / BBRC Head Department of Biotechnology Bonnifie College, Bhopal, 

India 

Dr. V. Jaiswal MSSN / BBRC Research Scholar, SGB University, Amravati, India 

Dr. A. Kumar MSSN / BBRC Associate Professor, Department of Biotechnology, SMD Teerth 

University, Haryana, India 

Dr. A.S. Dighde MSSN / BBRC Professor of Pomology, Horticulture University of Horticulture 

Science, Bagalkot 

Dr. P Babu MSSN / BBRC Plot-18, Street-1, Ashish Nagar (East) Risalt, Bhilai, Durg, CG 

Dr. R. Khalique MSSN / BBRC Department of Zoology Holkar Science Colege, Indore India  

Dr. A. Siddiqui FSSN / BBRC Department of Biotechnology Holkar Science College, Indore 
India  

Dr Raj Sharma PhD MSSN/BBRC Pharmaceutical Sciences Chhattisgarh Institute of Medical 

Sciences (CIMS), Bilaspur, CG, India 

Dr. A. Eberle FSSN / BBRC Professor Emeritus  Biology, University of Basel, Switzerland 

Dr. S. Newton FSSN / BBRC Professor of Aquaculture University of Virginia,  Virginia VA 
USA 



Dr. J Galgut FSSN / BBRC Biochemist, Allied Healthcare  Systems, Department  

of Biomedicine,  Qatar 

Dr. S. Salim FSSN / BBRC Research Analyst NIH Bethesda Maryland, USA 

Dr. Ruchi Shivle MSSN/BBRC Department of Zoology Devi Ahilya Vishvidyalaya, Indore India 

Dr. Kirti Dubey MSSN/BBRC Department of Fisheries Holkar Science College Indore MP India 

Dr. AT Kalse FSSN / BBRC Department of Life Sciences North Eastern Maharashtra 
University, Jalgaon (MS) 

Dr. F Kabinwar FSSN / BBRC Professor of Oncology, University of California, Los Angeles, 

USA 

 
Dr Neelu Qayyumi 

PhD 

MSSN/BBRC Professor and Head Life Sciences Mittal College Opposite 

Bhopal Memorial Hospital Bhopal India Hospital Research 

Centre (BMHRC), Navi Bagh, Karond, Bhopal, 462008 India 

 

Dr. Arjun Deb 

FSSN / BBRC  

Professor of Zoology Lumding College Lumding Assam, India 

Dr. Z.Pir FSSN / BBRC Department of   Biosciences University of Kashmir, Srinagar 

India 

Dr. Razia Sultan FSSN / BBRC Department of  Zoology Devi Ahilya Vish Vidyalaya , Indore India  

Dr. Thingujam I. 

Devi 

FSSN / BBRC Institute of Bioresources and Sustainable Development,  

Imphal, Manipur 

Dr. I Onyesom FSSN / BBRC Professor  of Microbiology Abraska, Delta State Nigeria 

Dr. K. Sudhakar FSSN / BBRC Assistant Professor Energy Centre, Maulana Azad  

National Institute of Technology Bhopal, India. 

Dr. Ravi Jain FSSN / BBRC Associate Professor of Physics Samrat Ashok Technical Institute  

Vidisha India 

Dr Shiv Kumar 

Jayant 

MSSN/ BBRC Department of Biochemistry All India Institute of Medical 

Sciences  Bhopal India 

Prof. C Rama 

Mohan 

 

 

 

MSSN/BBRC Narayana Engineering College, Jawaharlal Technological 

University Anantpur AP India 

 

Dr. Sushil Kumar 
Upadhyay D. Phil 

FSSN/BBRC Assistant Professor, Department of Biotechnology Maharishi 
Markandeshwar (Deemed to be University) Mullana Ambala 
133207 (Haryana) India 

 



Bioscience Biotechnology Research Communications
An Open Access International Journal www.bbrc.in  

Post Box 01, GPO, Bhopal 462001 India 
P-ISSN: 0974-6455 O-ISSN: 2321-4007 CODEN USA: BBRCBA

(Author Ethical Statement / Copyright forms / Plagiarism Check Report)
 
Articles must be submitted by  only the corresponding author  of the manuscript, and should not be submitted by anyone on behalf. The 
corresponding author may submit this Copyright/ Ethical Statement Form along with the manuscript, on behalf of all the co-authors  
(if any). The author (s) will confirm that the manuscript (or any part of it) has not been published previously or is not under consideration 
for publication elsewhere. Furthermore, any illustrations, structures or tables that have been published elsewhere must be roperly reported 
with citations/ and or, copyright permission for reproduction must be obtained.

I / (We) confirm that the enclosed article entitled------------------------------1.	 Authored by: 1…………………..2………………3…………………
…………4……………………………………5………………………………et al  has not been published previously in whole or in part, nor is 
being considered elsewhere for publication, and if accepted for publication in Biosc.Biotech.Res.Comm, it will not be published elsewhere.
I / We acknowledge that on the condition of acceptance, Biosc Biotec Res Comm and its authors will have the copyright  of the  scholarly work 2.	
which  grants usage rights to others using an open license (Creative Commons) allowing for immediate free access to the work, provided it is 
properly cited as per standard guidelines. Financial support / fundings have been duly acknowledged.
I / We also confirm that all necessary permissions, ethical considerations for animal and human rights for experimentation to carry out this 3.	
research have been obtained by the authors from the concerned authorities.
It is also certified that the manuscript has been prepared as per instructions to  the authors, complying all the author instructions, 4.	
policies of plagiarism, its check and ethical statement as required by Biosc Biotec Res Comm. All authors have seen the final manuscript 
and approve its publication.
We also certify that the similarity / plagiarism levels of the attached  manuscript have been checked using Ithenticate /Turnitin software. It 5.	
has been found to be less than  20% as per international standards  and the certificate of same is duly attached with the manuscript.

Corresponding Author Name……………...…...............................Orcid Id....................................................…..Signature……..…............……...… 

Date…….…......…............………. 
 
Department……….......................................................... Institution:.………………............................City:...............Country……..............………

Email:……………………............................... 

Author 2 Name……………...................................Orcid Id.........................................................…....…….....Signature………..................……… 
 
Address…………......….....................................................................................................………Email…………………………………...............           

 
Author 3 Name……..……....................................................Orcid Id......................................................………Signature:……………………...... 
 
Address…………….........................................................................................................................…………......…Email…………………………

Use Extra Space if required.

https://creativecommons.org/licenses/by/4.0/

	BBRC_Cover
	Cover Vol 15 (1) Jan-Feb-Mar 2022
	Cover-Dec-19


	Content 1
	BBRC28_FM01
	BBRC28_FM02
	Content 2
	BBRC_Vol_16_No_03_2023-01
	BBRC_Vol_16_No_03_2023-02
	BBRC_Vol_16_No_03_2023-03
	BBRC_Vol_16_No_03_2023-04
	BBRC_Vol_16_No_03_2023-05
	BBRC_Vol_16_No_03_2023-06
	BBRC_Vol_16_No_03_2023-07
	BBRC_Vol_16_No_03_2023-08
	BBRC_Vol_16_No_03_2023-09
	BBRC_Vol_16_No_03_2023-10
	BBRC28_BM01
	BBRC28_BM02
	BBRC28_BM03
	BBRC28_BM04
	BBRC28_BM05



