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MESSAGE FROM EDITOR-I

It is indeed a pleasure and honour to be part and involvement to releasing the
book entitled “Recent Trends in Multidisciplinary Research (RTMR-2023)” by
Association of Global Academician and Researchers (AGAR), Tamil Nadu. This
remains as a history due to its tremendous response across the globe. I am indeed
grateful to the members of the association for providing me an opportunity and for
reposing faith in me. All this has been made possible with their guidance. My thanks to
the faculty members, Research scholars and students who have contributed the chapters
to this dynamic publication. I am very thankful to Dr. I. Niyas Ahamed, President of
AGAR for assisted me in times of need. I am very fortunate and blessed to be part of

this prestigious publication.

With Regards,

Dr. C. Shanmuga Priya,

Assistant Professor & Head,

Department of English,

SRM Institute of Science and Technology,
(Deemed to be University),
Tiruchirappalli, Tamil Nadu.

E mail: shanpriva2873@gmail.com
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MESSAGE FROM EDITOR - 11

Dear Friends,

It is wonderful to see the Association of Global Academician and Researchers
(AGAR), Tamil Nadu taking up an important experimental education and research
strategies and at the same time an important problem in the society to publishing the
book entitled on “Recent Trends in Multidisciplinary Research “(RTMR-2023).

The topic “Recent Trends in Multidisciplinary Research” gives much room to
search for the latest trends in dealing with important education role and emerging
research strategies. This publication offers more strategic, holistic education and
research approach to integrate aspects from the different field of research. It will

enlighten the broaden minds of the young researchers to search for new solutions to

real life strategies.

Congratulations and God Bless Your Effort.
With Regards,

Ms. SEEMA SHUKLA.

Assistant Professor

Department of English,

Sn Govt Pg College

Khandwa ,Madhya Pradesh

E mail: seemal23shukla@gmail.com
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MESSAGE FROM ASSOCIATE EDITOR -1

Being a part of the publication of the book chapters collected in "Recent Trends in
Multidisciplinary Research (RTMR-2023)" by the Association of Global Academician
and Researchers (AGAR), Tamil Nadu, is both a joy and an honour. Due of the
phenomenal response it received all across the world, this is still considered history.
The association's members have my sincere gratitude for giving me this chance and
having faith in me. Due to their leadership, everything has been made possible. Thank
you to the professors and students who contributed the essays to this exciting
magazine. I'd want to express my gratitude to Dr. I. Niyas Ahamed, President of
AGAR, for helping me out when I needed it. Being a part of this is a huge blessing for
me.

With Regards,

Dr. R. Sebasthi Priya,

Assistant Professor,

Department of Mathematics, University College of Engineering Tiruchirappalli,
Anna University-BIT campus

Trichy, Tamil Nadu.
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MESSAGE FROM ASSOCIATE EDITOR - 11

P W

This book provides us with a snapshot of what is going on in this fascinating
field, and I would like to congratulate all contributors on making their wonderful posts
vibrant and full of material for this edition. I am sure readers can find material that is
very helpful and interesting, and my sincere gratitude goes to the publisher, my fellow

associates, and all those who have taken care to get this wonderful edition out of it.

This Contributed book entitled “Recent Trends in Multidisciplinary Research
(RTMR-2023)” by Association of Global Academician and Researchers (AGAR), Tamil

Nadu. I am very glad that all authors took the opportunity to exchange their

knowledge, experiences and ideas and also made contacts and established further

collaboration. This educational material, rich in events, provided more relaxing

atmosphere during the meetings among colleagues in this pandemic situation.

With Regards,

Dr. K. Selva Bhuvaneswari

Assistant Professor and HOD,

Department of Computer science and Engineering,
University College of Engineering,

Kanchipuram, Tamil Nadu.

E mail: bhuvaneswari.ksb@gmail.com
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MESSAGE FROM ASSOCIATE EDITOR - III

Researchis “creative and systematic work” undertaken to increase the
knowledge of humans, culture and society and devise new applications. Education can
be thought of as the transmission of the values and accumulated knowledge of a
society. It's a great privilege and honour to be associated with this “Recent Trends in
Multidisciplinary Research (RTMR-2023)” released by Association of Global
Academician and Researchers (AGAR), Tamil Nadu. RTMR has facilitated the

academicians and researchers to get connected and share their knowledge and

dramatically provided an opportunity for collaboration with colleagues who are

dispersed across time zones, countries, and continents. I thank the contributing

academicians and researchers for making this great success.

With Regards,
Mrs.Vijetha Bhat

Assistant professorDepartment of Computer science and Applications
Canara College

Karnataka
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Chapter -1

01

POTENTIAL CONSEQUENCES OF
PLASTICS ON CHILDREN IN
SCHOOLS: AN OVERVIEW

Al Umar?, Yusuf Sarkingobirz, Malami Dikko3, Abdullahi
Sanusi Sidi4

1Department of Biochemistry, Sokoto State University, Sokoto,
Nigeria
2Department of Environmental Education, Shehu Shagari
University of Education Sokoto, Nigeria
3Sultan Abdurrahman College of Health Technology
Gwadabawa, Sokoto, Nigeria
4Federal College of Education Gidan Madi Sokoto, Nigeria

Email: superoxidedismutase594@gmail.com
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ABSTRACT

The main objective is to lay a composite foundation relating to
effects of plastics in contact with students in schools. Plastics are
polymeric products such as polystyrene, polyethylene, polyvinyl
chloride, polypropylene etc. However, each and every plastic
contains additives and possible attachments that can leach into food,
air, water, etc within the environment. In the school environment,
the plastics are utilized in various forms for the benefits of all, but on
the other fold leaching of plastic additives and sorption chemicals
are expected to pose health risk of various ranges to the children.
Children are mostly affected because of curiosity, poor immunity,
and developing body. Therefore, there is need for educating the
public, school actors and the children on the overview of effects of
plastics on humans, let alone children. Plastics turn to smaller units
as a result of stress (mechanical, UV, etc.) to be able to pass into the
body to cause several effects such as irritation, headache, birth
defect. Albeit, most of the effects of plastics are due to few toxic
monomers (such as styrene, vinyl chloride) and additives (such as
phthalates, dioxin, bisphenols, heavy metals etc). Due to chemical

structure in plastics some harmful chemicals could easily cling to the
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plastic parent material and be convened along the way. In the body,
microplastics and the likes are able to traverse the various tissues
and cells and in turn leading to many effects such as oxidative stress,
inflammation, cancer, etc. Vital parts such as reproductive system,
liver, kidney, intestine, cardiovascular system, circulatory system etc.
are all affected by plastics. To address the plastics, education and
awareness of the students and the public are eminent; innovations,
are among the measures to tackle the issues.

1. INTRODUCTION

Bottles, clothing, construction items, electronic materials, food
packages, etc. are some examples of plastics application in school
environment and other human endeavors (Alabi et al., 2019).
Nowadays, plastics are very popular in all ways and ubiquitous.
Several endeavors in human life are dependent on plastics positively.
However, there are inherent behaviors of plastics that raise concern
especially the possibility of causing serious effects on children
because the polymers are composed of harmful chemicals in form of
additives, monomers, and attachments (Spripada et al., 2022).
Children are more affected to effects of plastics owing to their unique

characteristics. Children have weak body immunity, developing and

3 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

growing body, curiosity, and other related idiosyncrasies that make
them more vulnerable to plastic effects (Avio et al., 2016; Soumiya et
al., 2018). In the school environment, plastics are used as teaching
aids, learning materials, building materials, electronics, food
containers, water storage and quasi that in turn affect children
directly or indirectly. Therefore, it is important to lay an overview on
the effects of plastics on children due to school or other contact to
make the public aware and call for further actions to ameliorate the
issue (Alabi et al., 2019; Kraftl et al.,, 2022). The main objective is to
lay a composite foundation of effects of plastics in contact with
students in schools.

2. DEFINITION AND TYPES OF PLASTIC

Plastics are large groups of materials that are polymers of long-chain
molecular weight consisting of repeating units (monomers) and co-
polymers (additives) bundled together that have the unique capacity
of being molded. Some of them are formed from renewable materials
such as grains, vegetables and are regarded as bioplastics; other
types of plastics are made from non-renewable materials like oil and
are termed synthetic plastics. They are the conventional, prevalent,

and most harmful nowadays (because it cannot be recycled in most
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of the cases) (GESAMP, 2015; Alabi et al., 2019; Tait et al.,, 2020).
Thermoset plastics are the ones that remain adamantly solid in such
a way that it cannot be melted or altered after being formed.
Chemical change leading to the formation of this type of plastic is
irreversible. Therefore, the plastic is potentially non-recyclable and
have much crosslinks it its structural fold. Some of these plastics are;
polyurethanes, phenol-formaldehyde, etc (Sidi & Yahaya, 2022).
Thermoplastics are types of plastics that culturally do not alter their
chemical compositions after being subjected to heat; therefore, they
can be molded for a number of times; for examples, polyvinyl
chloride, polyethylene, polystyrene, etc (Gazal & Gheewala, 2020;
Sarkingobir et al.,, 2020; Sarkingobir et al.,, 2021; Sarkingobir et al.,,
2022). Microplastics are tiny plastics that are below 5 mm in size.
Some of them termed primary microplastics are initially produced at
microscopic size, such as in the case of fibers, pellet, foam, film,
abrasives and are found in cosmetics and other personal care
products. Secondary microplastics are derived as a results of
fragmentation, degradation of larger plastic materials into
microscopic ones (Koushal et al., 2014; Gazal & Gheewala, 2020;

Parejo et al., 2022).
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3. COMMON PLASTIC USES ACCORDING TYPES
Sometimes plastics are mainly classified according to the

substances applied in their production and are mostly utilized in

different  purposes albeit sometimes their applications
superimposed. Some of the main types of plastics are as follows:

1. Polyethylene terephthalate- they are the found in soft drinks,
salad dressing, containers, water bottles, trays,

2. high density polyethylene (HDPE) are examples of plastics applied
in shopping bags, ice cream containers, crates, detergent bottles,
milk bottle, freezer bags, buckets, (Alabi et al,, 2019).

3. Polyvinyl chloride (PVC)- is present in many items such as pipes,
cable sheaths, bottles, blood bags, tubes etc

4. Low density polyethylene (LDPE)- are plastics present in refuse
bags, irrigation tubes, garbage bags, mulch

5. Polypropylene (PP)- examples are straws, lunch boxes,
microwave dish, kettle, toys, cups, chip bag, tape

6. Polystyrene (PS)- is a common plastic in cases, cutlery, cups,
building materials, food insulators, toy

7. Other- comprises other types of plastics used to make computers,

cooler bottles, packaging, appliances, automotive components
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(Mathur et al,, 2014; Alabi et al,, 2019).

Figure 1: Some clothes laced with plastics, Source: Regional Activity

Centre for Sustainable Consumption and Production, 2020

Figure 2: Some toys and relations used by children at schools, Source:

Regional Activity Centre for Sustainable Consumption and Production,
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2020.

Figure 3: some wrappers made from plastic, Source: Regional Activity
Centre for Sustainable Consumption and Production, 2020

4. COMMON USES OF PLASTICS IN SCHOOL ENVIRONMENT

Plastics are ubiquitous in our environment and everywhere you go.
There are many uses of plastics in the school environment that are in
direct contact with the students or are indirectly affecting the health
of students. Some of the uses and contacts of students with plastics
ranges from clothing, writing materials (such as pen, cleaners,
mathematical sets), food containers (such as takeaways, coolers,
beverage bottles, bags, packaging etc), electronics, building

materials, toys, food wrappings, physical activity learning materials
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etc. These can make learning easier in the classroom and at schools
and on the other fold these can potentially pose effects to the health
of the children (Proshad et al.,, 2018; Amran et al., 2022; Bhuyan,
2022; Mahmoud et al., 2023).

5. SOME POTENTIALLY HARMFUL CHEMICALS IN PLASTICS

Plastics contain several chemicals embedded together either due its
production or due to sorption (Nor et al., 2021). Ideally, plastics
contains monomers, additives, and attached chemicals. Some of the
toxic additives in plastics that affects the health of humans especially
children are as follows (Avio et al., 2016; Campanale et al.,, 2020;
Hamza et al., 2023):

Bisphenol A is a common substance added in hard and clear plastics
in food containers, beverage bottles, etc. The chemical is disgorging
from the parent plastics into foods and relations especially during
high temperature, acidity change; and acts as /like an endocrine
hormone estrogen and disrupt the hormone. People at early life
stages are more sensitive to this chemical and it is linked with
cardiovascular diseases, type 2 diabetes, insulin resistance, obesity,
cancer of prostate, cancer of breast, and miscarriage (Avio et al,

2016; Campanale et al., 2020).
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Bisphenol A
Figure 4; blsphenol A, Source: Proshad et al., 2018
Phthalates are a congregation of substances added to plastics as
plasticizers to aid flexibility and resistance. These chemicals are
present in food packages, raincoats, toys, coats, floors etc. These
phthalates act as endocrine disruptors in humans and exert negative
effects on reproductive system, and are related to obesity and
allergies. Other concerns of the phthalates are effect on the cognitive
development of children, and cause cancer, (Tachev & Christova-
Bagdassarian, 2015; Campanale et al., 2020).
Brominated flame retardants such as polybrominated diphenyl
esters, and tetrabromobisphenol A are endocrine disruptors due to
their ability to leach into foods or contacts (Avio et al, 2016;

Campanale et al., 2020). Flame retardants are types of chemicals
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added to plastics and other consumer products for the purpose of
prevention of fire spread. Some major flame retardants include
phosphorus flame retardants (such as tris[2-chlorisopropyl]
phosphate), brominated flame retardants (parable, polybrominated
diphenyl ethers, tetrabromobisphenol A), paraffin types. These
chemicals easily leach into foods or any contact and affect children
more especially (Regional Activity Centre for Sustainable
Consumption and

Production, 2020; Sidi & Yahaya, 2022).

Metals such as cadmium, arsenic, lead, chromium, etc are also
present in plastics as additives or sorption substances and leaches
into the food materials and exert many effects on humans (Avio et al,,
2016; Campanale et al., 2020; Sidi & Yahaya, 2022).

Table 1: Showing some metals added to plastics and their uses

Heavy Use as Plastic Effects on
metal additives nature health
Antimony Flame PVC, Metal-
retardant, PET, estrogen,
biocide PBT breast cancer
Aluminum Stabilizers, PVC, Metal-
inorganic PET, estrogen,
pigments, PBT breast cancer
flame
retardants
Zinc Heat PE, PVC, -
stabilizer, PP
inorganic
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pigment,
flame
retardant
Cadmium uv PVC Changes in
stabilizer, calcium,
heat bone,
stabilizer phosphorus,
lipid and,
metabolisms,
cancer,
apoptosis,
Cobalt Inorganic PET Reactive
pigment bottle oxygen
species,
neurological
effect,
endocrine
defect,
cardiovascular
effect
Lead Heat PVC, Cytotoxic on
stabilizers, other colon  cells,
uv types of hypertension,
stabilizers, plastics anemia,
inorganic miscarriage,
pigment infertility, cell
damage,
oxidative
stress
Arsenic Biocide LDPE, Cancer of
PVC, lung, skin,
polyester kidney, liver,
bladder,
apoptosis,
death
Chromium Pigment, PVC, PP, Allergy,
uv PE death, ulcer,
stabilizers hepatic effect,
kidney effect,
hematological
effect,
neurological
effect
Mercury Biocide PU Cancer,
mutation,
brain defect
Manganese Pigments Neurological
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disorder

Copper

Biocide

PU

Reactive
oxygen
species,
oxidation of
DNA, DNA
break

Source: Bhuyan et al,, (2022); Campanale et al., (2022)

Perflourinated substances are substances that bind proteins and

gather in the brain, liver, kidney, spleen and relations. They cause

cancer, mortality, physical development delay, endocrine disruption,

reduced semen quality (RACSCP, 2020; Sidi & Yahaya, 2022).

Nonyphenols are formed as intermediate products after catabolism

of antioxidants and related substances and are found to affect

juvenile children in terms of fertility, and disruption of endocrine

system (RACSCP, 2020; Sidi & Yahaya, 2022).

Table 2: Showing some biologically harmful chemicals emitted after plastic burning at

school.

Chemical Health effect

Acetaldehyde Damages nervous system, lesion

Acetone Eye irritation, GIT irritation

Benzaldehyde Skin, and eye irritation, affect
brain function, affect respiratory
system

Formaldehyde Eye damage, cancer, edema

Phosgene Corrosive to eye, skin, and
respiratory tract

Vinyl chloride Cancer, irritation of skin and
respiratory system, effect of CNS,
spleen, liver, and bone marrow
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Propylene Central nervous system, low
consciousness

Xylene Eye irritation, nervous system
defect, low learning, low
consciousness

Toluene Depression, irritation of
respiratory tract and eyes

Styrene Affect central nervous system,

headache, weakness, fatigue,
depression, eyes and mucous
damage

Carbon monoxide

Reduces oxygen supply to the
body

HCL

Skin burn, dermatitis, cough,
nausea, vomiting, rhinitis, death,
permanent loss of  vision,
dehydration, shock, bronchitis,
stomachache, choking, tracheitis,
lethargy,  chills,  circulation
collapse

Volatile organic compounds

Sick building syndrome, asthma,
headache, nausea, cancer, liver
damage, kidney damage, CNS
damage

Particulate

Low vision, excavate respiratory
problems, asthma, bronchitis,
heart attack, respiratory problem,
emphysema

Dioxin and furans

Cancer, hormone disruption,
immunity suppression, growth
defects, , DNA  damage,
reproductive effect, endometriosis

Hexachlrobenzene

Kidney and liver damage, cancer,
skin irritation

Polycyclic aromatic hydrocarbons

Cancer

Benzo(a)pyrene

Cancer

Sulfur oxides, dioxides

Damage lung tissues, skin, eyes,
and nose irritations,

Source: Alabi et al,, (2019); Bhuyan, (2022)

6. VULNERABLE NATURE OF CHILDREN PERTAINING PLASTICS
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Children are more affected by plastics because they drink more
water, eat more food, and breathe more than anyone. Therefore,
more prone to exposure through air, water, and food. Children’s
metabolic pathways are not fully matured, therefore their ability to
properly subject harmful chemicals to metabolism, detoxification
and excretion is less and therefore more affected. Growth and
development in children are rapid and the body system cannot easily
repair when damage due to chemicals occurred. Likewise, children’s
life expectancy is longer than that of others, and impliedly have more
time to develop diseases and effects due to toxicants (GESAMP, 2015;
Amran et al.,, 2022; Bhuyan, 2022; Umar et al.,, 2022). Plastics have
been part and parcel of our daily lives. Plastics are contacted by
children through various means and in turn affecting human body.
Children can swallow plastics (microplastics) through food, drinks,
touching, tasting, and quasi exposures. Some plastics penetrate the
body through sweat gland, wounds, hair follicle, and relations (Nor et
al., 2021). Parable, a plastic bottle shaken with warm water makes
about 16 million microplastics per liter. Plastics have the capacity to
enter the respiratory system to stay in the alveolar surface, or

transfer to other parts of the body. Children tendency to crawl, put
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their hands in the mouth uncontrollably, and curiosity are more
prone to plastic exposure compared to adults. It was estimated that
about 553 tiny plastics are taken up by children every day, albeit
some studies indicated a range of 14,600 to 4, 550, 000 particles
daily. In the digestive system plastic accumulate and some are
absorbed and results in inflammation and excitation of intestine due
to passage. The microplastics can produce effect on esophagus,
stomach and other regions of the intestine. Other effects due to
plastics therein are: change in energy and fat metabolism, decreased
lipid metabolism, oxidative stress, decrease amino acid, reduced
mucous secretion, reduced feeding, intestinal dysbacteriosis etc
(GESAMP, 2015; Amran et al,, 2022). Henceforth, after absorption of
plastics by the intestine they can be translocated and spread via the
blood stream/ circulatory system and can enter the lungs where they
cause pulmonary diseases. Other effects of microplastics in the
circulatory system range from artery obstruction, incorporation into
red cells, oxidative stress, high blood pressure, hematoxicity, cardiac
fibrosis, decrease white bold cells, etc (Amran et al,, 2022; Bhuyan,
2022).

Similarly, microplastics are able to impede the normal reproductive
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system of the body in many ways. Owing to their ability to traverse
the system, they cause hormonal imbalance by inhibiting the gonads
at hypothalamic level and leading to delay in puberty. Gonadotropin
releasing hormone and gonadotropins are prevented. Likewise,
plastics are able to instigate effect on placenta, and leading to other
reproductive disorders such as pre-eclampsia, premature delivery,
stillbirth, and abortion. Poor sperm production, nipple retention,
damaging testes, low reproductive organ weight, hypoxia,
undescended testes are some reported effects of plastics in males
(Amran et al,, 2022; Bhuyan, 2022).

On the nervous system, exposure to microplastics is implicated in
effects such as memory loss, poor learning, anxiety, poor hormones
production, oxidative stress, and poor performance. In the immune
system, microplastics can impede metabolic balance, altered
lymphocytes, aggravated localized toxicity, alteration of
inflammation mediators’ compositions, increased cytokines
production (Singh et al,, 2018ab; Amran et al.,, 2022; Bhuyan, 2022).
7. POSSIBLE PREVENTION TO PLASTIC POLLUTION

Indeed, the issues pertaining plastics are very delicate, few

researches are done, few attention was paid on this area; but there is
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critically important call for addressing the plastic concern as regards
to the health of living organisms, let alone the vulnerable school
children. Studies are indeed needed in the area to divulge
appropriate unbiased information to the public. Public awareness on
the pros and cons pertaining plastics is a key norm to safeguard
public health, because nowadays most of the people regard plastic as
a harmless entity contrary to the knowledge at the midst of
specialists and scholars in the area (Amran et al,, 2022). Similarly,
making environmental education pertaining plastics is a priority.
According to health belief mode humans that are knowledgeable
about the harmful effects of plastics tend to act on preventive
measures positively compared to those who are unware. Therefore,
plastics should be taught in schools to guide children on more
appropriate ways to handle plastics in a way to reduces effects on
the vulnerable children (Shamaki & Shehu, 2017; Dikko et al.,, 2022;
Kraftl et al., 2022).

Recycling plastics is a norm that significantly reduce it further
deterioration and further release of additives into the environment
and the midst of the children/ consumers. And it is a norm that

reduces the incorporation of plastics into the various parts of the
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environment. However, very little portion of the plastics made
globally is been recycled; therefore, companies should be forced by
laws to abide by this strategy (GESAMP, 2015; Alabi et al., 2019;
Shehu et al,, 2020).

Effective production of plastics that are biodegradable is a predicted
norm that reduces the plastics pollution and its consequent effect.
Plastics such as bioplastics are suggested efforts to reduce pollution
effect, and phasing-out harmful chemicals in plastics is another ploy
of reducing the harmful effects of plastics of children and adult as
well (Koushal et al,, 2014; Hemavathi et al.,, 2019; Campanale et al.,
2020).

8. CONCLUSION

Plastics have been part and parcel of our daily lives. Plastics are
contained in many materials and items we dealt with nowadays.
However, plastics contains harmful chemicals more especially as
additives and these chemicals are able to leach into foods, water, air,
and any contact. Children in contact with plastics containers, plastic
teaching materials, plastic building materials and the likes are at the
verge of taking harmful additives (and monomers such as styrene,

vinyl chloride) into their body through food, water, air, skin etc.
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Consequently, the additives could elicit negative effects such as
oxidation, oxidative stress, inflammation, and cancer. Likewise, the
important organs of the body such as kidney liver and quasi are
prone to plastic effects especially because the body system of
children is biochemically more vulnerable. There is need to divulge
information to the public to take the issue of plastics very serious
especially with regards to children vulnerability and make
appropriate ways and motives to reduce the effects on children to
the barest minimum.
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ABSTRACT

We invest to beat inflation and maximize our return on
investment. As an investor, we can use various proven strategies to
get the best returns. However, if we want to make money the old-
fashioned and effective way, we can consider a compound interest
strategy. Compound interest gives us the best return on our
investment, and interest earned continues to earn interest. This
article explains how the power of compound interest can help us in
our investment.
KEYWORDS: Power of compounding, simple interest, compound
interest, study, investment
INTRODUCTION

Compound interest is the process of earning interest earned on
an investment and reinvesting that interest back into the investment.
Money can grow faster by putting the interest earned back into the
investments. Basically, we are not only making a profit on our initial
investment, but we are also making a profit on our previous
earnings. Over time, compound interest can dramatically affect our

overall wealth. In the short term, we can focus on compoundinnm g
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interest, but in the long term, you can earn more. For example, most
people's retirement savings are the result of decades of accrued
interest. The power of compound interest is one reason why it's
important to start saving for retirement as soon as possible. Even if
we cannot afford to give a large amount each month, investing
consistently over a period of time can save us far more than starting
investing until later in life. Before we can talk about the power of
compound interest, we need to understand its foundation.
Compound interest is the calculation of interest by adding principal
and interest. Investments such as mutual funds and the stock market
generate profits based on compound interest, hence the expression
"the power of compounding".
COMPOUND INTEREST VS SIMPLE INTEREST

It is important to understand the difference between compound
interest and simple interest. The simple interest rate is different
from compound interest in that it offers interest only on the
principal amount. For example, let us say that you invest Rs. 50,000
for a period of 20 years at an expected return rate of 7.5%. Let us
now consider the below table to understand the different between

compound interest and simple interest.
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Simple Interest Scenario Compound Interest Scenario

Year Interest Accrued Total Value Year Interest Accrued Total Value
1 3750 53750 1 3750 53750

2 3750 57500 2 4031.25 57781.25

3 3750 61250 3 4333.59375 62114.8438
4 3750 65000 4 4658.613281 66773.457
5 3750 68750 5 5008.009277 71781.4663
6 3750 72500 6 5383.609973 77165.0763
7 3750 76250 7 5787.380721 82952.457
8 3750 80000 8 6221.434275 89173.8913
9 3750 83750 9 6688.041846 95861.9331
10 3750 87500 10  7189.644984 103051.578
11 3750 91250 11  7728.868358 110780.446
12 3750 95000 12 8308.533485 119088.98
13 3750 98750 13 8931.673496 128020.653
14 3750 102500 14 9601.549009 137622.202
15 3750 106250 15  10321.66518 147943.868
16 3750 110000 16  11095.79007 159039.658
17 3750 113750 17 11927.97433 170967.632
18 3750 117500 18 12822.5724 183790.204
19 3750 121250 19 13784.26533 197574.47
20 3750 125000 20  14818.08523 212392.555

At the end of 20 years through simple interest Rs. 50,000 got
converted into Rs. 1,25,000 which is 2.5 times the investment

amount. But through compound interest Rs. 50,000 invested has got
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converted into Rs. 2,12,392 which is 4.24 times the investment
amount, and almost double than what the simple interest could earn.
The total interest earned under simple interest scenario is Rs. 75,000
whereas under the compound interest scenario it is Rs. 1,62,392,
which is more than double as compared to the simple interest
scenario.
CONCLUSION
The power of compounding refers to the reinvestment of
accumulated returns. Returns earned on the principal is reinvested,
increasing the principal. Compound interest helps maximize the
return on investment. One should continue to invest in mutual fund
programs with growth options and enjoy the benefits of
compounding interest. Compound interest is based on the basic idea
that interest is on interest. The power of compounding returns in
stocks and mutual funds primarily helps maximize returns
significantly more than other investments.
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ABSTRACT

In spite of incredible advances in modern science, technology and
allopathic medicine at large, we are unable to provide quality
healthcare to all. Traditional medicine particularly, herbal medicine
is considered as a major healthcare provider around the globe
particularly in rural and remote areas. A large section of people
depends on such medicine for their primary healthcare mainly in
underdeveloped or developing countries. Indian traditional
medicinal system like Ayurveda, Siddha and Unani has a very rich
history of their effectiveness; modern research also acknowledged
the importance of such medicine. Indian traditional medicine or
medicinal plants are also considered as a vital source of new drug.
Mainstreaming of such medicine is important for the people. Several
steps have been taken in India to promote such medicine and to
integrate them into clinical practice. Evidence based incorporation of
Indian Traditional Medicine in clinical practice will help to provide
quality healthcare to all.

INTRODUCTION

Plants are always the key source of drug or treatment strategy

indifferent traditional medicinal systems. In recent years, many
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people are choosing plant based medicines or products to improve
their health conditions or as curative substance either alone or in
combination with others. According to the World Health
Organization (WHO), herbs or herbal products are used by the large
number of populations for basic healthcare needs. Herbal medicine
includes herbs, herbal materials (like plant parts) or preparations,
processed and finished herbal products, active ingredients. In recent
years, there is a huge resurgence of the use of herbal product due to
the side effects of modern drugs, failure of modern therapies for
against chronic diseases, and microbial resistance. It is estimated
that nearly 75% of the plant based therapeutic entities used
worldwide were included from traditional/folk medicine. In India,
approximately 70% of modern drug are discovered from natural
resources and number of other synthetic analogues have been
prepared from prototype compounds isolated from plants. It was
reported that more than 60% of cancer drug available in market or
in testing are based on natural products. Currently, about 80% of
antimicrobial, immunosuppressive, cardiovascular, and anticancer
drugs are derived from plant sources. More than 70% entities among

177 anticancer drugs approved are based on natural products or
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mimetic. About 25% prescription drug found globally are derived
from plant sources, and nearly 121 such drugs entity are in use.
Thirteen drugs of natural origin are approved in United States
between 2005 and 2007, and clinical trials are going on more than
100 natural product-based drugs. It was also estimated that 11% of
the total 252 drugs found in essential medicine list of WHO are
exclusively of plant origin. In Indian traditional medicine a large
number of plants are used. It was estimated that Ayurveda uses
1,200 - 1,800 plants, Siddha medicine includes 500 - 900 plants,
Unani utilize 400 - 700 medicinal plants and Amchi medicine uses
nearly 300 plants while folk healers of India use more than 7,500
medicinal plants in different medicine. Three classical Ayurvedic
literature Charaka Samhita, Sushruta Samhita and Astanga Hridaya
mentioned about 526,573 and 902 number of plants.

Globalization of Indian Traditional Medicine

In recent years there is a huge upsurge in the use of traditional and
complementary medicine around the globe. In Africa nearly 80% of
population uses such medicine for their primary healthcare. In China,
it was estimated that traditional herbal medicine account for 30 -

50% of the total medicinal consumption. Majority of the people
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(around 60%) uses traditional herbal drugs as a first line medicine
for treatment high fever resulting from malaria in countries like
Ghana, Mali, Nigeria and Zambia. In Australia about 48%, in Canada
70%, in Germany 80%, in USA 42%, in Belgium 39% and in France
76% of population uses traditional/complementary medicine at least
once. Around 75% of the HIV positive/AIDS patients living in San
Francisco, London and South Africa use traditional and
complementary medicine. In Malaysia, people spent more on
traditional medicine than allopathic drugs. Importance of herbal
medicines in terms of healthcare provider and economy are growing
steadily. Therefore, India has a great opportunity to promote its
Traditional Medicine globally.

Medicinal Plants of India and Economy

Approximately 25,000 effective plant-based formulations are
available in Traditional Medicine which is commonly used by rural
and ethnic people in India and the popularity of such medicine is also
increasing among the common people. It was also estimated that
>2000 tons of medicinal plant raw material is required annually.
More than 1,500 herbals are also sold as dietary supplements or

ethnic traditional medicines. It was also estimated that nearly 960
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species of medicinal plants are in trade, among them 178 species
have annual consumption levels more than 100 metric tons.
Domestic trade of AYUSH industry is approximately INR. 80 - 90
billion, and export value of medicinal plants and related products
from India is approximately 110 billion. In 2012 -2013, the export of
AYUSH products was INR. 24,741.2 crores, though in next financial
year (2013 - 2014) it was reduced slightly. The percentage share of
AYUSH products in the total trade of India in 2013 - 2014 was 0.36%.
The global market for herbal drugs is increasing in steady manner
and the global herbal trade will reach USD 7 trillion by 2050.

Preventive and curative approaches of Herbal Medicine

Ayurveda and other herbal medicine are involved in the curative and
preventive measures to promote the health. Rasayana (rejuvenation
therapy), branch of Ayurveda involve in the preservation and
promotion of health by promoting longevity and also prevents or
delays the ageing process, which another speciality of Ayurveda
namely ‘Panchakarma’ (purification therapy) removes the toxins and
waste materials from the body and thus purify the biological system
to disease completely. 10 Ayurvedic formulations are highly effective

against various common diseases like common cold, fever,
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hyperacidity, ulcer, cough, gastro-intestinal problems, diarrhoeas,
amoebic dysentery, liver diseases, uterine bleeding, urinary tract
infection, arthritic condition, gout, bronchial asthma, eye diseases
etc. at the primary healthcare level. Formulation of Ayurveda also
had shown prominent effect in the treatment of several chronic
diseases like cardiovascular disease (hypertension, angina,
cardiomyopathies, myocardial infarction, congenital heart disease),
cancer, dengue, anti-inflammatory disease, kidney diseases etc.

Some studies have suggested that Ayurvedic medicine is also useful
to manage some emergency conditions like severe diarrhoea and
vomiting, patient suffering from typhoid suffered from semi
consciousness and also muttering delirium, burns and seals, poison,
threatened abortion, abortion & miscarriage etc. Medicine from
Siddha system is used to cure diverse diseases like skin problems
(psoriasis), sexual transmitted diseases, urinary tract infections, liver
and gastro-intestinal diseases, diabetes, general debility, postpartum
anaemia, diarrhoea, rheumatic diseases, prostate enlargement,
bleeding piles, peptic ulcer, venereal diseases, fever, allergic
disorders and general fevers other than emergency cases. Unani

drugs are used to treat hepatitis, gastroenteritis & uteritis, fever,
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cardiovascular problems, palpitation, nausea, vomiting, diarrhoea,
gastro intestinal trouble, fever, insomnia, schizophrenia, epilepsy,
gonorrhoea, wurinary tract infection, kidney stone, headache,
dizziness, common cold, migraine, colic pain, arthritis, syphilis,
paralysis, diabetes insipidus, bad wetting, anxiety, typhoid fever,
measles, small pox, premature ejaculation etc. ISMs are also found
useful for care of HIV/AIDS patients.68 Medicinal plants found in
India and utilized by the different folk and codified medicine are
utilized to cure diverse diseases.

The global Herbal Medicine Market size was valued at USD 84.5
billion in 2019 and is anticipated to grow at a CAGR of 20.5% during
the forecast period. This revenue generation can be accredited to its
increasing usage by people across the globe for maintaining and
improving their health conditions. Rising demand for natural
medicines along with increasing amount of funding for the
development of traditional drugs will induce growth opportunities
for the industry over coming few years. Additionally, herbal
medications are considered as a type of dietary supplements which
are available in market in different forms including powder, extracts,

fresh leaves, dried plants, teas, capsules as well as tablets.
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Global Herbal Medicine Market Estimates, By Form, 2015 - 2026
(USD Billion)
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Source: www.polorismarketresearch.com

Rising number of various types of diseases is anticipated to support
the industry growth rate during the projection period.
Comparatively low cost of these products and building high value for
the customers is primarily supporting the development of the
market size. Moreover, awareness of these products among the
customers across the globe will further boost the product growth
rate over the study period.

Dated back to the ancient times, herbal medicines have been the
common source of treatment for various diseases as well as
enhancing health conditions. As per the National Center for
Biotechnology Information 2015, the World Health Organization
(WHO), stated that approximately 70% to 80% of the global

population are dependent upon herbal sources for their treatment.
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In 2016, according to the American Botanical Council the sales of
herbal supplements ascended by more than 7% in the U.S. Thus, this
increasing demand for traditional drugs will fuel the industry growth

over the projected period.

Experiential Exploratory Study Experiential
Phase Study
Documentation of Tolerability, interactions, dose-range
observations _activity using in vitro and in vivo test / _clinical research
Reverse Pharmacology
(useful to minimize cost, time, toxicity)
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Fig. 2. Opportunity of drug discovery from Indian Traditional

Herbal Medicine.
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Special
Treatment

Fig. 3 Circle of life for achieving universal and quality life.

Indian Medicinal plants and Drug discovery

Drug discovery from medicinal plants used in different Indian
medicinal systems is a hot spot of research. A number of drugs were
obtained from the plant sources and several others have discovered
by using natural substance as lead. Investigations in India and

abroad became played a key role in such research. In 1931, Sen and
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Bose reported two alkaloids from Rauwolfia serpentina, Siddiqui and
Siddiqui in same year isolated five alkaloids which named as
Ajmaline, Ajmalinine, Ajmalicine, Scrpentine, and Serpentinine.
Chopra and his colleagues in 1933 isolated an alkaloid from the plant
and observed the hypotensive and CNS depressant activity. Several
others investigations had also been made by the Indian researchers
in subsequent years. In 1949, a historical paper by Dr Vakil in British
Heart Journal reported the antihypertensive activity of Rauwolfia in
patients. During that time nearly 90% of doctors in India used it as a
routine hypotensive drug and about 50 million tablets had been sold
by a manufacturing agency alone. Peruvoside, a cardiac glycoside
was isolated from Thevetia peruviana at the Indian laboratory and
developed in Germany. Taxol, potent anticancer drug discovered
from Taxus brevifolia, the plant has been utilized by western Indian
cultures as a medicine since long time. national/ international
research discovered a number of drugs from plant which has been
used

Indian traditional medicine since ancient time, like, vasicine and
vasicinone from Adhatoda vasica, bacosoids from Bacopa monnieri,

tylophorine from Tylophora indica, homoharringtonine from

44 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

Cephalotaxus, camptothecin from Camptotheca acuminata, conessine
from Holarrhena antidysentrica, morphine and codeine from Papaver
somniferum, sarsasapogenin, asparanin A and asparanin B from
Asparagus adscendens, shatavarin from Asparagus racemosus,
atropine from Atropa belladonna, glycyrrhizin from Glycyrrhiza
glabra, aloin from Aloe vera, protodioscin from Tribulus terrestris,
sophoradin from Sophora subprostrata, quinine from Cinchona spp.,
trigonelline from Trigonella foenum-graecum, catechin from Acacia
catechu, withanolides from Withania somnifera, tinosporic acid from
Tinospora cordifolia, cocaine from Erythroxylum coca, aegelin and

marmelosin from Aegle marmelos, pris-timerin from Celastrus

paniculata, asiaticoside from Centella asiatica, emetine from
Cephaelis ipecacuanha, psoralen from Psoralea corylifolia,
glycyrrhizin from G. glabra, boeravinones from Boerrhavia diffusa,
berberine from Berberis aristata, plumbagin from Plumbago indica,
curcumin from Curcuma longa, podophyllin from Podophyllum
emodi, jatamansone from Nardostachys jatamansi, quassinoids from
Ailanthus spp., arjunolic acid from Terminalia arjuna, gingerols from
Zingiber officinale, digoxin and digitoxin from Digitalis lanata,

paclitaxel from Taxus baccata and Taxus brevifolia, allicin from
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Allium sativum, nimbidin from Azadirachta indica, forskolin from
Coleus forskohlii, pilocarpine from Pilocarpus jaborandi, Dysobinin
from Dysoxylum binectariferum, Diosgenin from T. foenum-graecum
and plants of Dioscorea spp. vinblastine and vincristine from
Catharanthus roseus and many more.

Novel semisynthetic derivatives of rohitukine (from the plant
Amoora rohituka & D. binectariferum) named as flavopiridol and P-
276-00 are in the advance clinical trial as anticancer drug.17
Guggulu, an oleo-gum resin obtained from the bark of Commiphora
wightii has been used in Ayurveda for the treatment of inflammation,
gout, rheumatism, obesity, and disorders of lipids metabolism.
Several compounds namely Z-guggulsterone, E-guggulsterone,
guggulsterol-I, guggulsterol-II etc. have been isolated from guggulu.
CSIR and its constituent laboratories are involved in the
development of new herbal drug or formulation. Some of the key
developments in Central Drug Research Institute (CDRI) in this area
are, (i) standardized fraction of gugulipid was developed by CDRI
and marketed (Guglip®, Cipla Ltd) as a drug for hyperlipidaemia and
atherosclerosis, (ii) arteether (a semisynthetic derivative of

artemisinin, the active constituent of Artemisia annua) as
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antimalarial drug which is marketed by Themis Chemicals Ltd,,
Mumbai under the trade name E-Mal, (iii) Consap (a local
spermicidal cream) contain saponins from Sapindus mukorossi, (iv)
picroliv, an iridoid glycoside mixture containing 60% picroside I and
kutoside obtained from Picrorhiza kurroa developed as
hepatoprotective agent, (v) a standardize herbal preparation derived
from the plant B. monnieri as memory enhancer.78 RRL Jammu has
commercialized Boswellia serrata gum resin as NSAID (non-steroidal
anti-inflammatory drug) (Sallaki® Gufic).79 A number of herbal pain
reliever, antifungal cream, anti-dandruff shampoo has been
developed by different CSIR labs across the country. Very recently,
an antidiabetic drug (BGR-34) has developed jointly developed by
scientist of CSIR-NBRI & CSIR-CIMAP. Under the ‘Golden Triangle
Partnership’ project between AYUSH, Indian Council of Medical
Research (ICMR), CSIR there is an attempt to find few formulations
and developing new drugs.

In recent years research on these areas is increasing and lot more
drug/formulations investigated by public or private sector in India
are in queue or in under clinical trial. India has great pool of diverse

medicinal plant sources, a long and well characterized traditional
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medicinal system which makes India a unique place of new drug
discovery.

Current Science & Technology in modernization of Herbal
Medicine

Global pharmaceutical companies and researchers equipped with
modern scientific knowledge, technology, idea and started to
rediscover medicinal plants as a source of new drug candidates
based on traditional knowledge. Modern technology and techniques
have revolutionized the progression of drug discovery from
medicinal plants. New approaches/concepts/technologies became a
key tool in the development of traditional medicine further.

Research utilizing modern equipment or methods helped us to
isolate and develop phytoconstituents as new drug present in
traditional herbal formulation or medicinal plants. Modern
technology and techniques became an essential tool to monitor and
maintain the quality of traditional formulation, use phytochemical as
lead to discover new drugs, to find pharmacokinetic profile and
toxicity, to find out mechanism, to find the new use of existing drug
or formulation, acceleration of drug discovery process, synthetic and

semisynthetic process to manufacture a natural constituent etc.
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Ayurveda is one of the oldest and well documented health traditions
in the world. Drug discovery based on traditional information is a
key path towards the discovery of new drug. Reverse pharmacology
is an approach where discovery of leads/formulations is based on
the documented clinical experiences and scientific observations
through series of studies. Reverse pharmacology based on
traditional knowledge concentrate on the reversing routine
‘laboratory-to-clinic’ development to ‘clinics-to-laboratories’. Safety
is considered as most significant point remains and the effectiveness
becomes a matter of validation. This process is highly useful to find
better and safer leads.

CONCLUSION

Medicinal herbs as a potential source of therapeutics aids have
attained a significant role in health care system all over the world for
human beings not only in the diseased condition but also as a
potential material for maintaining proper health. It is clear that the
herbal industry can make great strides in the world. With the
increased use of herbal products, the future worldwide labeling
practice should adequately address quality aspects. Standardization

of methods and quality control data on safety and efficacy are
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required for an understanding of the use of herbal drugs. A major
factor impeding the development of the medicinal plant based
industries in developing countries has been the lack of information
on the social and economic benefits that could be derived from the
industrial utilization of medicinal plants. Further research is
required to exploit the compounds responsible for the observed
biological activity.
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Abstract

Over the past two decades, there has been an intense effort to
widen the technological advantages of carbon-based nanomaterials
such as graphene, carbon nanotubes (CNTs), fullerene, graphene
quantum dots (GQDs), and carbon dots (CDs). Especially, CDs are
recognized as excellent, zero-dimensional, bio-compatible carbon
nanomaterials with size less than 10 nm. CDs have been extensively
studied and applied in many aspects in the past years. CDs are bio-
compatible and non-toxic nanomaterials which are mainly derived
from carbon rich sources in comparison to other nanoparticles such
as semi-conductor quantum dots. In contrast to quantum dots, the
synthesis of CDs is usually simple and inexpensive. Recent literature
explains the basics and technical features of CDs in detail. Earlier,
organic fluorescent dyes were utilised as diagnostic agents but they
experienced high photo-bleaching. Whereas, this drawback was
absent in CDs and hence they were used in bio-imaging application.
CDs were also used in bio-imaging studies due to their excellent
photo stability, high fluorescence quantum yield and low cyto-
toxicity. In addition, due to their high catalytic activity they are used

as catalysts in both chemo catalytic and photocatalytic applications.
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In addition, CDs were also used in the fields of sensing, theranostics,
optoelectronics and energy storage devices manufacturing.
1. Introduction:

Nanoscience has made huge strides in recent years, and its
applications have started having profound influence on our daily
lives. Nanoscience is the study of the characteristics of particles with
sizes ranging from 1 to 100 nm in size [1,2]. Carbon nanomaterials
(CNMs) have been ruling the field of nanotechnology for more than
two decades now. Carbon is the most significant element in the
periodic table and it is also the most important component of all
living beings and organic molecules [3]. Carbon is the second most
prevalent non-metal in the earth's crust after oxygen. CNMs excite
researchers all around the world because of their intrinsic optical,
electrical, and magnetic characteristics [4]. They are the most
suitable materials used in semiconductor devices, energy conversion
and storage devices, sensors. The different environmental and bio-
medical applications are due to their simple synthetic techniques,

chemically versatile nature and compatibility with biological systems

[5].
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Hybridization and catenation are the primary causes of the extreme
optical and electrical characteristics of CNMs. The small energy gap
between the 2s and 2p orbitals tends to occupy the electrons of the
lower energy 1s orbital, resulting in an empty ground state that
allows for sp, sp? or sp3 hybridization of carbon atoms with
neighbouring ones, and this diversity in hybridization contributes to
the formation of a wide range of organic compounds. CNMs have a
wide range of structures (allotropes) due to their propensity to
create strong covalent bonds with other atoms. Ceso fullerenes,
graphene, CNTs, graphene/carbon quantum dots (GQDs/CQDs) and
CDs are the most common carbon allotropes [6].
2. Classification of carbon nanomaterials:
Carbon allotropes are categorized into three groups based on their
dimensionality; they are [7]
I.  Zero dimensional (0D) (eg: Ceo fullerene, nano-diamonds and
CDs)
[I. One dimensional (1D) (eg: carbon nanotubes, carbon
nanofibers)
III. Two dimensional (2D) (eg: graphene)

IV. Three dimensional (3D) (eg: multi-layered graphitic sheets,
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diamonds)

V. In the above-mentioned allotropes of carbon, CDs possess
unique properties and application potentials. Thus, the
significance of CDs are explained in detail in this chapter.

3. Discovery of CDs:

CDs were initially discovered by Xu et al., in 2004 during the refining
process of single-walled carbon nanotubes (SWCNTSs) through gel
electrophoresis from carbon soot produced by arc discharge method.
Xu and colleagues discovered several microscopic carbon particles
during the purification process, and these particles glowed blue
when excited at 365 nm and finally they named these particles as
“Carbon Dots” [8]. In 2006, Sun et al, followed laser ablation
approach to synthesize fluorescent CDs. Carbon dots can attach to a
variety of organic and inorganic molecules due to their diverse
surface functionalization. In reality, numerous procedures including
doping, surface functionalization and composite formation with
other materials can improve the capabilities of CDs making them
attractive candidates for catalytic reactions, bio-imaging, sensing,
and drug

delivery [9].
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CDs are the new emerging 0D star material with the size less than 10
nm in the carbon family. CDs have received lot of attention due to
their excellent and tunable fluorescence, high quantum yield (QY),
high thermal and optical photo-stability, low toxicity, small size,
appreciable biocompatibility and abundant low-cost synthesis from
renewable sources, which made them effective in a variety of fields
like biomedicine, catalysis, sensors, optoelectronic devices, energy
conversion/storage and anti-
counterfeiting [10].

CDs have gained considerable attention in the last decade as a new
class of nanomaterials [11]. Fluorescence is one of the most exciting
ways of characterization of CDs from a fundamental aspect of
application. The optical behaviour of CDs may be due to the
distribution of distinct emissive sites on CDs and as well as by
various particle sizes in the sample. CDs exhibit excitation-
dependent emission behaviour where their PL mechanism still
remains to be unclear. The PL emission spectra of the CDs is also
influenced by the excitation wavelength and also by other
parameters such as particle size, shape, composition, and internal

structure. Mostly CDs are easily soluble in water and polar solvents
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because of the presence of hydrophilic carboxyl groups on the
surface [12].
4. Synthesis of CDs:

Various synthetic approaches for the production of CDs have
been developed by researchers all around the world. They are
divided into the two approaches listed below [13].

1) Top-down approach

2) Bottom- up approach
4.1. Top-down approach:
Since 2004, top-down strategies have been established. These
techniques entail breaking up of bulk or 100 nm carbon-based
starting materials into small sized CDs. Larger sources such as
graphite, nano diamonds, graphene oxide, carbon nanotubes and
carbon soot were employed in the production of CDs in this method.
The solid large material was oxidized and thinned using a high-
energy laser or an ionic beam. The particle size may be adjusted to 1-
3 nm with this technological approach. Following are the top-down
approaches,
(i) Laser ablation method

(ii) Arc discharge and
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(iii) Electrochemical method

4.2. Bottom-up approach:

Small organic compounds are used to synthesize nanoscale carbon
dots in a bottom-up approach. In this approach, glucose, citric acid,
protein and resins were utilized as a carbon precursor for the
synthesis of CDs. This approach includes the following methods,

(i) Hydrothermal carbonization method

(ii) Microwave assisted synthesis

(iii) Solvothermal synthesis

(iv) Thermal oxidation/combustion method

5. Doping on CDs:

Doping is a versatile and robust strategy for improving the chemical
composition, fluorescence, defects, electrical, optical and structural
properties of CDs. Pure CDs have a poor fluorescence quantum yield
and low fluorescent behavior, which limits their use in sensing and
biological applications. Doping of hetero atoms and metal atoms are
effective ways to fine-tune the fluorescent properties of CDs [14].
Doping not only modifies the fluorescent behavior but also
influences the reactivity or sensitivity of CDs towards the

environment [15]. Due to their unique fluorescence characteristics,
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good biocompatibility and excellent water stability, the doped CDs
could be a suitable material for future biomedical and sensing
applications [11].

5.1. Hetero atom doping:

To enhance the optical and electrical characteristics of CDs, doping
with various heteroatoms have been attempted and reported.
Heteroatom-doped CDs possess improved and enhanced
fluorescence for widespread and diverse applications. Heteroatom
doping has significantly improved physicochemical features such as
fluorescence quantum yield, catalytic activity, and simulative
responsibility. Hence, these highly fluorescent hetero atoms doped
CDs are mostly used in the field of bio-imaging and other fluorescent
biological applications due to their low-toxicity and good bio-
compatibility [16].

As per the literature, single hetero atoms like N, S, B and P doped CDs
and multiple hetero atoms like NB, NS, NP and NSP doped CDs were
reported mostly.

6. Applications of CDs:

Various Kkinds of distinctive, excellent and unique properties of CDs

had enlightened its usage in the fields of catalysis, sensing,
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theranostics, optoelectronics, energy storage devices and bio-
imaging [17].

6.1. Catalysis:

CDs act as catalysts in the case of normal and photochemical
reactions. CDs were proposed to be active materials in the field of
photocatalysis. Absorption of light, electron transfer properties and
the ease of coupling with semi-conductor material are the beneficial
strategies of this application. At present, CDs are extensively used in
the degradation of harmful dyes, industrial effluents and organic
pollutants for environmental remediation purposes [18].

6.1.1. Photocatalysis:

Studies which involve light energy to create electron holes on the
CDs surface and transports the electrons to the species for
degradation is called as photocatalytic degradation. Compared to
other degradation studies, photocatalytic degradation seems to be an
attractive technique for the treatment of environmental pollutants
[19]. CDs are good electron acceptors and donors which separate the
electrons and holes effectively. Semiconductor materials- based CDs
perform better photocatalytic activity than pure CDs. The biogenic

CDs have gained remarkable attention due to their role in
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photocatalytic activity in recent years. The interfacial interactions
and band structures are playing major role in the photocatalytic
behaviour of CDs and these activities can be enhanced by doping of
hetero atoms, tuning of size and introducing new functional groups
[20].

P. Adhimoorthy et al, prepared fluorescent CDs from the waste
orange peels through simple hydrothermal carbonization method.
These CDs were amorphous in nature with large number of oxygen
containing functional groups on their surface. CDs-ZnO photocatalyst
was used for the degradation of naphthol blue-black azo dye under
UV irradiation and its superior photocatalytic behaviour was also
explored [21].

6.1.2. Electrocatalysis:

Electrocatalysis is a type of catalysis that results in the modification
of the rate of an electrochemical reaction occurring on an electrode
surface. The large surface area, fast charge transfer, high stability
and excellent electrical conductivity of CDs endow them with great
potential for application in electrocatalysis. CDs have been widely
used as electrocatalysts for fuel cell energy conversion reactions

such as oxygen reduction reactions (ORR), hydrogen evolution

63

Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

reaction (HER), oxygen evolution reaction (OER) and electro
catalytic oxidation. Electrocatalytic performance of CDs were also
improved by doping of hetero atoms onto the surface of CDs [22].

Y. Dong et al, prepared nitrogen doped CDs (N-CDs) by dehydrating
ethylenediamine tetra acetic acid (EDTA) with hot and concentrated
sulphuric acid for oxygen reduction reaction (ORR). The prepared N-
CDs were in 7 nm size. These N-CDs possess abundant oxygen-
containing groups and emit blue fluorescence under 365 nm UV light
irradiation. N-CDs supported by graphene exhibit outstanding
electrocatalytic activity for ORR, and have a great application
potential in direct methanol and alkaline fuel cells [23].

6.2. Sensing:

The optical and electrical features of CDs have excellent detection
capability, sensitivity and selectivity in extending their applicability
in sensor domains [24]. Owing to its functional groups on their
surface, CDs have been employed as a fluorescence sensing probes in
chemical and biological sensing applications [25].

6.2.1. Chemical sensing:

A.K. Singh et al, hydrothermally synthesized nitrogen and

phosphorous co-doped CDs from a microalgae Dunaliella salina.
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These CDs acted as a fluorescent turn- off sensor for toxic metal ion
such as Hg (II) and Cr (VI) with good selectivity and sensitivity. The
limit of detection for Cr (VI) was found to be 0.018 uM (0.9 pgL-1)
which was below the permissible level in drinking water (50 pgL-1)
while in case of Hg, limit of detection was calculated to be 0.018 uM
better than already reported biologically-derived sensor for Hg. Such
sensing resulted because of combination of inner filter effect and
dynamic quenching mechanism [26].

6.2.2. Biological sensing:

C. Wang et al, successfully synthesized CDs from liquid fuels by
chemical oxidation for cerebral Cu?* sensing in rat brain
microdialysate. The fluorescence of the synthesized CDs was
quenched by the addition of Cu?*. This phenomenon was due to the
trapping of Cu?* ions by the oxygen and nitrogen functional groups
surrounding the emissive CDs. CDs displayed high sensitivity,
selectivity and strong anti-interference ability for Cu2* with a low
detection limit of 0.039 uM. Thus, a fluorescence assay was
successfully employed for the analysis of cerebral Cu2* in rat brain
[27].

6.3. Theranostic applications:
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Theranostics is a word which comprises the integrity of therapy and
diagnosis. The therapeutic role of a theranostic system focuses on
effective transport and controllable release of drugs/reagents to the
lesion sites, while the diagnostic function offers information about
the position, type and size of tumours in organisms [28]. Recently,
CDs are used as theranostic agents in chemotherapy, gene therapy,
photo thermaltherapy (PTT) and photodynamic therapy (PDT).
Functional CDs could target tumors either through the enhanced
permeability and retention (EPR) effect of the tumor
microvasculature or by the specific binding with tumor-associated
biomarkers, such as tumor cell receptors, tumor extracellular
matrixes, and enzymes [29].

Lai et al, worked on drug delivery using CDs and obtained excellent
optical properties of CDs by conjugating mSiO2-PEG to the surface of
the CDs. The mSiO2 PEG-CDs were used as a drug carrier for the
anticancer drug DOX in HeLa cells [30].

6.4. Optoelectronics:

Optoelectronics is a branch of electronics that deals with electronic
devices for emitting, modulating, transmitting, and sensing light. The

use of CDs in the field of optoelectronics is of great interest currently
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and has a high development potential [31]. The outstanding
characteristics such as good biocompatibility, low cytotoxicity, high
photo stability, versatility, unique tunable fluorescence and other
exceptional physicochemical properties show that the emerging
fluorescent CDs have enormous potentials for optoelectronic
applications in recent years. CDs have previously been employed in
solar cells and LEDs [32].

F. Yan et al, synthesized multiple colour CDs by one step
solvothermal method using some phenol derivatives. Blue to red
emissive CDs were prepared by altering the reaction temperature. In
this work, CDs mixed in a certain proportion yielded white-light
emission diodes (0.32, 0.31; CIE coordinate). This research
established a new platform for fluorescence detection of multi-color
emission CDs and as well as the possibility for new optoelectronic
devices [33].

6.5. Energy storage devices:

CDs have recently received substantial attention in the formulation
of high-performance energy storage materials due to their ultrafine
particle sizes and outstanding physicochemical features. The

conductivity and electrochemical kinetics of other active materials
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were found to be dramatically improved by CDs. CDs can boost
electrical conductivity and speed ion-transport through their
interfacial edges and ion diffusion routes, owing to their conductive
graphitized cores. CDs with a variety of functional groups and
various structural defects can provide a lot of absorption sites, which
can effectively prevent electrode materials from dissolving and
buffer volumetric expansions. Excellent solubility of CDs facilitates
homogenous distribution of CDs within composite materials
ensuring electrode consistency and stability. CDs are smaller in size
with abundant surface functional groups and this could improve the
electrode materials surface wettability property facilitating the
electrochemical interactions between electrodes and electrolytes
[34].

S. Daniel et al, proposed a greener microwave-assisted pyrolysis
route to synthesize highly blue fluorescent first-row transition
elements (Mn?+, Fe?+, Co?*, Ni%*, Cu?*, and Zn2*) co-doped with
nitrogen and nitrogen-sulphur carbon dots. Introduction of
transition metal atoms to these CDs causes a significant increase in
fluorescence and enables to fine-tune the emission characteristics of

the CDs. These extremely fluorescent transition metal CDs
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demonstrated considerable super capacitance capabilities and was a
sustainable energy storage material. The capacitance results were
consistent with the capacitance values published in the literature for
carbon-based materials such as graphene and other kinds of CDs
[35].

6.6. Bio imaging:

CDs have shown excellent potential to be used as probes for
analysing biological systems, particularly for imaging-guided
biomedical applications due to their unique properties such as the
ability to tune surface functions, low toxicity, low cost, superior
photo stability, high brightness, photo bleaching resistance,
prominent biocompatibility, and spontaneous penetration
capabilities [36]. Thus, for creating significant approaches in imaging
applications, distinct functional CDs have been synthesized based on
unique membrane lipids, proteins, targeting ligands, and biomarkers
of various cells [37]. CDs were used for the development, diagnosis
and treatment of cancers and neurological diseases. CDs were highly
useful for discriminating normal cells from cancer cells which is of
high importance in the current

scenario [38].
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R. Atchudan et al, successfully synthesized nitrogen doped CDs (N-
CDs) from Magnolia liliiflora hydrothermally for the multicolour
fluorescent imaging of Clone 9 hepatocytes cells. CDs were highly
mono dispersible, bio- compatible and blue fluorescent with a
quantum yield of 11%. These N-CDs were quickly absorbed into the
cytoplasm of the Clone 9 hepatocytes cells and possessed a strong
cyto-compatibility on cellular morphology [39].

7. Conclusions:

CDs are a kind of carbon-based nanomaterial with size less
than 10 nm size. These CDs are highly fluorescent in nature and
possess excitation dependent emission behaviour and these CDs are
amorphous in nature. CDs derived from carbon rich sources play a
vital role in various fields like catalysis, sensing, optoelectronic
devices, theranostices, energy storage devices and bio-imaging.
These CDs material derived from natural green sources like plants,
fruits and vegetables etc. exhibits highest impact in application and
environment remediation measures. These kinds of carbon related
nanomaterials are feasible to prepare and functionalise according to
their application potentials.

References:

70 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

1.

2.

7.

Khan, W.S. Hamadneh, N.N. Khan, W.A. (2016). Polymer
nanocomposites - synthesis, techniques, classification and
properties. Science and Applications of Tailored Nanostructures,
67, 50.

Lines, M. G. (2008). Nanomaterials for practical functional uses.

Journal of Alloys and Compounds, 449, 242-245,

. Cui, X. Xu, S. Wang, X. Chen, C. (2018). The nano-bio interaction

and biomedical applications of carbon nanomaterials. Carbon,
138, 436-450.

Thirunavukkarasu, A. Nithya, R. Sivashankar, R. (2020). A review
on the role of nanomaterials in the removal of organic pollutants
from wastewater. Reviews in Environmental Science and Bio-

Technology, 4, 751-778.

. Kurra, N. Jiang, Q. Nayak, P. Alshareef, H. N. (2019). Laser-derived

graphene: A three-dimensional printed graphene electrode and
its emerging applications. Nano Today, 24, 81-102,

Garrido, M. Gualandi, L. Di Noja, S. Filippini, G. Bosi, S. Prato, M.
(2020) Synthesis and applications of amino-functionalized carbon
nanomaterials, Chemical Communications, 84, 12698-716,

Gaur, M. Misra, C. Yadav, A.B. Swaroop, S. Maolmhuaidh, F.O.

71

Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

Bechelany, M. Barhoum, A. (2021). Biomedical applications of
carbon nanomaterials: fullerenes, quantum dots, nanotubes,
nanofibers, and graphene. Materials, 14, 5978,

8. Xu, X. Ray, R. Gu, Y. Ploehn, H. ]. Gearheart, L. Raker, K
Scrivens, W. A. (2004). Electrophoretic analysis and purification
of fluorescent single-walled carbon nanotube fragments. Journal
of the American Chemical Society, 126, 12736-12737.

9. Nair, A. Haponiuk, J. T. Thomas, S. Gopi, S. (2020). Natural carbon-
based quantum dots and their applications in drug delivery: A
review. Biomedicine & Pharmacotherapy, 132, 110834,

10. Das, S. Ngashangva, L. Goswami, P. (2021). Carbon dots: an
emerging smart material for analytical applications.
Micromachines, 12, 84.

11. Atabaev, T. S. (2018). Doped carbon dots for sensing and
bioimaging applications: a minireview. Nanomaterials, 8, 342.

12. Xu, X. Li, Y. Hu, G. Mo, L. Zheng, M. Lei, B. Zhang, X. Hu, C.
Zhuang, J. Liu, Y. (2020). Surface functional carbon dots: chemical
engineering applications beyond optical properties. Journal of

Materials Chemistry C, 8, 16282-16294.

72 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

13. Sharma, A. Das, ]J. (2019). Small molecules derived carbon dots:
synthesis and applications in sensing, catalysis, imaging, and
biomedicine. Journal of Nano Biotechnology, 17, 1-24,

14. Zhou, J. Zhou, H. Tang, ]J. Deng, S. Yan, F. Li, W. Qu, M. (2017).
Carbon dots doped with heteroatoms for fluorescent bioimaging:
a review. Microchimica Acta, 184, 343-368,

15. Reckmeier, C.J]. Wang, Y. Zboril, R. Rogach, A.L. (2016). Influence
of doping and temperature on solvato chromic shifts in optical
spectra of carbon dots. The Journal of Physical Chemistry C, 120,
10591-10604.

16.Li, F. Yang, D. Xu, H. (2019). Non-metal-heteroatom-doped
carbon dots: synthesis and properties. Chemistry—-A European
Journal, 25,1165-1176.

17.Cui, L. Ren, X. Sun, M. Liu, H. Xia, L. (2021). Carbon dots:
Synthesis, properties and applications. Nanomaterials, 11, 3419.

18. Anandan, S. Ikuma, Y. Niwa, K. (2010). An overview of semi-
conductor photocatalysis: modification of TiO: nanomaterials.
Solid State Phenomena, 162, 239-260,

19. Koe, W.S. Lee, ].W. Chong, W.C. Pang, Y.L. Sim, L.C. (2020). An

overview of photocatalytic degradation: photocatalysts,

73 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

mechanisms, and development of photocatalytic membrane.
Environmental Science and Pollution Research, 27, 2522-2565,

20. Dordevic, L. Arcudi, F. Cacioppo, M. Prato, M.A. (2022). A
multifunctional chemical toolbox to engineer carbon dots for
biomedical and energy applications Nature. Nanotechnology, 17,
112-130.

21. Prasannan, A. Imae, T. (2013). One-pot synthesis of fluorescent
carbon dots from orange waste peels. Industrial & Engineering
Chemistry Research, 52, 15673-15678,

22.Xu, F. Zhao, ]J. Wang, J. Guan, T. Li. K. (2022). Strong coordination
ability of sulfur with cobalt for facilitating scale-up synthesis of
Co9Ss encapsulated S, N co-doped carbon as a trifunctional
electrocatalyst for oxygen reduction reaction, oxygen and
hydrogen evolution reaction. Journal of Colloid and Interface
Science, 608, 2623-2632.

23. Dong, Y. Pang, H. Yang, H. Jiang, ]J. Chi, Y. Yu, T. (2014). Nitrogen-
doped carbon-based dots prepared by dehydrating EDTA with
hot sulfuric acid and their electrocatalysis for oxygen reduction

reaction. RSC Advances, 4, 32791-32795,

74 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

24. Ding, C. Zhu, A. Tian, Y. (2014). Functional surface engineering of
C-dots for fluorescent biosensing and in vivo bioimaging.
Accounts of Chemical Research, 47, 20-30,

25.Yi, Z. Li, X. Zhang, H. Ji, X. Sun, W. Yu, Y. Liu, Y. Huang, J. Sarshar,
Z. Sain, M. (2021). High quantum yield photoluminescent N-
doped carbon dots for switch sensing and imaging. Talanta,
222,121663.

26. Singh, A.K. Singh, V.K. Singh, M. Singh, P. Khadim, S.R. Singh, U.
Koch, B. Hasan, S.H. Asthana, R.K. (2019). One pot hydrothermal
synthesis of fluorescent NP-carbon dots derived from Dunaliella
salina biomass and its application in on-off sensing of Hg (II), Cr
(VI) and live cell imaging. Journal of Photochemistry and
Photobiology A: Chemistry, 376, 63-72.

27.Wang, C. Pan, C. Weij, X. Yang, F. Wu, W. Mao, L. (2020). Emissive
carbon dots derived from natural liquid fuels and its biological
sensing for copper ions, Talanta, 208, 120375.

28. Dehvari, K. Chiu, S.H. Lin, J.S. Girma, W.M. Ling, Y.C. Chang, ].Y.
(2020). Heteroatom doped carbon dots with nano enzyme like
properties as theranostic platforms for free radical scavenging,

imaging, and chemotherapy. Acta Biomaterialia, 114, 343-357.

75 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

29.Du, J. Xu, N. Fan, J. Sun, W. Peng, X. (2019). Carbon dots for in
vivo bioimaging and theranostics. Small, 15, 1805087,

30. Lai, C.W. Hsiao, Y.H. Peng, Y.K. Chou, P.T. (2012). Facile synthesis
of highly emissive carbon dots from pyrolysis of glycerol; gram
scale production of carbon dots/mSiO: for cell imaging and drug
release. Journal of Materials Chemistry, 22, 14403-144009.

31. Zada, A. Muhammad, P. Ahmad, W. Hussain, Z. Ali, S. Khan, M.
Khan, Q. Magbool, M. (2020). Surface plasmonic-assisted
photocatalysis and optoelectronic devices with noble metal
nanocrystals: design, synthesis, and applications. Advanced
Functional Materials, 30, 1906744,

32.Li, X. Rui, M. Song, ]J. Shen, Z. Zeng, H. (2015). Carbon and
graphene quantum dots for optoelectronic and energy devices: a
review. Advanced Functional Materials, 25, 4929-4947,

33.Yan, F. Zhang, H. Yu, N. Sun, Z. Chen, L. (2021). Conjugate area-
controlled synthesis of multiple-colour carbon dots and
application in sensors and optoelectronic devices. Sensors and
Actuators B: Chemical, 329, 129263,

34. Chao, D. Zhu, C. Xia, X. Liu, J. Zhang, X. Wang, ]. Liang, P. Lin, J.

Zhang, H. Shen, Z.X. Fan, H. ]J. (2015). Graphene Quantum Dots

76 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

Coated VO: Arrays for Highly Durable Electrodes for Li and Na lon
Batteries. Nano Letters, 15, 565-573,

35. Daniel, S. Praveena, M.G. Mohammed, E-M. (2021). Exploration of
highly photoluminescent first-row transition metals (manganese,
iron, cobalt, nickel, copper and zinc) co-doped nano carbon dots
as energy storage materials. Materials Science and Engineering: B,
269, 115145,

36. Chen, Y. Rosenzweig, Z. (2002). Luminescent CdS quantum dots
as selective ion probes. Analytical Chemistry, 74, 5132-5138,

37.Li, H. Yan, X. Kong, D. Jin, R. Sun, C. Du, D. Lin, Y. Lu, G. (2020).
Recent advances in carbon dots for bioimaging applications.
Nanoscale Horizons, 5, 218-234,

38. Nocito, G. Calabrese, G. Forte, S. Petralia, S. Puglisi, C. Campolo,
M. Esposito, E. Conoci, S. (2021). Carbon dots as promising tools
for cancer diagnosis and therapy. Cancers, 13, 1991,

39. Atchudan, R. Edison, T.N.J.I. Aseer, K.R. Perumal, S. Lee, Y.R.
(2018). Hydrothermal conversion of Magnolia liliiflora into
nitrogen-doped carbon dots as an effective turn-off fluorescence
sensing, multi-colour cell imaging and fluorescent ink. Colloids

and Surfaces B: Biointerfaces, 169, 321-328,

77 | Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

Chapter -V

05

STUDIES ON THE
ANTIMICROBIAL
PROPERTIES OF OPSIN AND
ENOLASE PROTEINS FROM
THE FIDDLER CRAB SPECIES

Harshini. S

M.Sc.Biochemistry, P.G Research Department of Biochemistry,
D.K.M College for Women (Autonomous), Vellore - 632001.
Haritha. S
M.Sc.Biochemistry, P.G Research Department of Biochemistry,
D.K.M College for Women (Autonomous), Vellore - 632001.
Shoba. K*

*Corresponding Author
Assistant Professor, P.G Research Department of
Biochemistry, D.K.M College for Women (Autonomous),
Vellore - 632001. Email: danishoba@gmail.com.

78 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

INTRODUCTION

The fiddler crabs are semiterrestrial marine crabs belonging to the
family Ocypodidae, which contains over a hundred species.In
Western Africa, the Western Atlantic, the Eastern Pacific, and the
Indo-Pacific, there are little crabs that are no larger than 5 cm in
diameter.The term "Fiddler Crab" (the giant claw) refers to the
males' eating activity, which involved a tiny claw that travelled from
the ground to its mouth in a way like to how a bow would be dragged
across a fiddle. Their "sister genus" Ocypode's ghost crabs are their
closest relatives.Lagoons, swamps, brackish intertidal mud flats,
seashores, and other salt- or brackish-water wetlands are all places
where fiddler crabs can be found.

Fiddler crabs are easily identified by their distinctly asymmetric
claws and are found in mangroves, salt marshes, and on sandy or
muddy beaches in West Africa, the Western Atlantic, the Eastern
Pacific, the Indo-Pacific, and the Algarve region of Portugal. Over 100
species of fiddler crab can be found in 1 of the 13 genera that make

up the Ocypodidae family of crabs.
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Leptuca pugilator:

The sand fiddler crab(Leptuca pugilator), also known as the Atlantic
sand fiddler crab or the Calico fiddler, is a type of fiddler crab that
can be found from Massachusetts to the Gulf of Mexico. It can be
found in great abundance and dwells in burrows in estuary and

coastal mudflats.

Leptuca pugilator

Austruca annulipes

Fiddler crabs of the Austruca annulipes species can be found from
South Africa through Somalia, Madagascar, India, China, Indonesia,
Malaysia, and the Philippines.

Austruca annulipes was once a member of the genus Uca but changed
to the genus Leptuca in 2016, which was formerly a subgenus of Uca.

There are nearly 100 species of fiddler crabs recorded around the
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globe. The most common species in the Indian coast is the ‘ring-
legged fiddler crab’ Uca annulipes (Fiddler crabs are closely related to
Ghost crabs (eyes on stalk) under the family Ocypodidae (includes
small crabs). Uca annulipes have been recorded in colours of red,
orange, yellow and white.

This small crab with an enlarged pincer that is smooth is sometimes
seen on some of our shores. Sandy, silty shores near the low water
mark, often near mangroves. It was previously known as Uca

annulipes.

Austruca annulipes

Antimicrobial Proteins:

Antimicrobial peptides (AMPs) are oligopeptides with a range of
amino acid compositions (from five to over one hundred). From

viruses to parasites, AMPs have a wide range of target organisms.
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Anionic antimicrobial peptides/proteins, cationic amphipathic
peptides, cationic AMPs , host defence peptides, and -helical
antimicrobial peptides are other names for AMPs that have been
used historically.

Antimicrobial proteins or peptides (AMPs) are essential components
of the innate immune response and are present in all kingdoms,
including fungi, plants, mammals, and even yeast. According to
several studies (Bulet et al., 2004; Yount et al.,, 2006; Guan-Guerra et
al., 2010), AMPs are widely regarded as "natural antibiotics" because
of their quick and potent antibacterial activities against a variety of
microorganisms, including yeast, filamentous fungus, and, to a lesser
extent, protozoans and enveloped viruses. Recent research has
shown that AMPs are multifunctional molecules that not only have
an antibacterial action but may also have a variety of other biological
roles. A sizable quantity of data on AMPs has been saved in AMP
databases, and research on AMPs is constantly expanding.

There have been more than 5,000 AMPs found or created as of now .
Prokaryotes, such as bacteria, and eukaryotes, such as protozoa,
fungi, plants, insects, and animals, are both known to have natural

AMPs . Animals' tissues and organs that are exposed to airborne
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pathogens are where AMPs are most commonly found, and they are
thought to constitute the first line of defence for the innate immune
system against viruses, bacteria, and fungi . As a result, AMPs are
crucial in preventing most infections before any symptoms appear.

A number of antimicrobial peptides, including crustins, anti-
lipopolysaccharide factors, penaeidins, arasin, and hyastatin, have
been found from several crab species. AMPs are an essential part of
the innate immune system in crustaceans. To the best of our
knowledge, there aren't many reports concerning AMPs high in
glycine.

Scientists have paid close attention to AMPs in marine creatures
since 1988 because of their functions and potential as sources of
potent antibacterial compounds. Tachypleus tridentatus, a Japanese
horseshoe crab, produces tachyplesin, an 18-amino acid peptide that
was isolated from its hemocytes and described as the earliest AMP in
crab by Nakamura et al. The AMPs are composed of diverse
structure, length, and sequence, and are often rather tiny (less than
10 kDA). Another important factor to remember is that fish and
marine invertebrates are heavily exposed to different bacterial

strains in aquatic systems . As a result, AMPs participate in host
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innate immunity as a defence against infections an diseases while
living in that particular type of habitat. The ability of AMPs to
demonstrate broad activity against fungi, protozoa, yeasts, and
viruses is also stated . Numerous antimicrobial peptide counts have
been discovered and reported in crabs over the past few years.
Similarly, Schnapp et al. extracted a 6.5 kDa proline peptide known
as another AMP from the hemocytes of the shore crab Carcinus
maenas.

Opsin in Leptuca pugilator:

Opsins are a group of proteins that have been given the ability to
detect light by a chromophore, typically the retina. G-protein-
coupled receptors are opsins. When they are attached to retina,
opsins transform into retinylidene proteins, but they are still
frequently referred to as opsins. They are mostly located in the
retina's photoreceptor cells. Five traditional groups of opsins
mediate the conversion of a photon of light into an electrochemical
signal, the first stage in the visual transduction cascade. A separate
opsin called melanopsin, found in the retinas of mammals, is
involved in the pupillary reflex and circadian cycles but not in vision.

Humans contain a total of nine opsins. Along with the ability to
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perceive vision and light, opsins can also detect chemicals, sound,
and temperature.

Opsins are membrane proteins that serve largely as light sensors in
living things. They are connected to the protein portion of the
photoreceptive molecule rhodopsin and have molecular weights of
30 to 50 kDa.

For circadian rhythms, phototaxis, and other light-mediated
reactions in living things, opsins are proteins that bind to molecules
that respond to light. Type I opsins, which are typical of bacteria,
originated independently of type II opsins, which are typical of
vertebrates. This protein is necessary for healthy colour vision.
Photoreceptor cells, which are grouped together in ommatidia in
arthropod compound eyes, are in charge of transmitting visual
signals. Leptuca pugilator one of the fiddler crab species where
opsin protein is found.

Opsins, which are family-A GPCRs, fall into three major categories:
ciliaryopsins, rhadbomericopsins, and photoisomerases.
Ciliaryopsins have the cyclic nucleotide signalling cascade and are
expressed in ciliary photoreceptor cells. The rhabdomericopsins,

which have a phosphoinositol signalling cascade, are expressed by
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rhabdomeric photoreceptor cells in contrast. Additionally, the term
"photoisomerases” refers to both established and hypothetical
stereospecific photoisomerases.

Leptuca pugilator's Opsin protein has 380 amino acids and a
molecular weight of 42.13926 KDA (42139.26 g/mol).

FORMULA : C1950H2962N4800517523

Opsin protein deficiencies:

Retinitis Pigmentosa:

Retinitis pigmentosa (RP) is a set of uncommon eye conditions that
affect the retina, the layer of tissue at the back of the eye that is
sensitive to light. RP causes the retinal cells to gradually deteriorate
over time, resulting in visual loss. RP is a hereditary condition that
affects people from birth. Most people eventually lose the majority of
their vision, and symptoms typically begin in childhood. Rods and
cones are the two different classes of light-gathering cells in the
retina. In low light, the rods that surround the retina's outer ring
become active. The rods often experience the initial effects of
retinitis pigmentosa. Your peripheral vision, which includes your
ability to see at night, is lost. The majority of cones are located in the

retina's middle. They aid with sharp detail and colour perception.
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You gradually lose your capacity to see colour and your centre vision
as RP affects you.

The loss of night vision, which usually manifests in childhood, is the
earliest indication of retinitis pigmentosa. It may be challenging to
move in low light if you have night vision issues. Later, the condition
results in the development of blind spots in the peripheral (side)
vision. These blind areas eventually converge to create tunnel vision.
The condition worsens over years or decades, affecting central
vision, which is essential for intricate tasks like reading, driving, and
identifying people. Many adults with retinitis pigmentosa get legally
blind at some point in their lives.

Most frequently, vision loss is the only retinitis pigmentosa
symptom. Nonsyndromic refers to a condition that develops on its
own. Nonsyndromic retinitis pigmentosa has been divided into three
different subtypes, which are often defined by their mode of
inheritance: autosomal dominant, autosomal recessive, or X-linked.
Retinitis pigmentosa develops less frequently as a result of disorders
that affect different body organs and tissues. These illness
manifestations are referred to as syndromic. Usher syndrome, the

most prevalent kind of syndromic retinitis pigmentosa, is
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characterised by the onset of visual and hearing loss simultaneously
at a young age. Other hereditary syndromes with retinitis
pigmentosa include Bardet-Biedl syndrome, Refsum disease,
neuropathy, ataxia, and retinitis. The other names includes
Pigmentary retinopathy, Rod-cone dystrophy, RP, Tapetoretinal
degeneration.

When it comes to treatment there’s no cure for this retinitis
pigmentosa. There are few medications which may helps to feel
better for the individuals with this disorder.

1. Acetazolamide: The little region in the middle of your retina may
swell in the later stages. This condition is known as macular edoema
and it too can impair the vision. This medicine might enhance your
vision while reducing edoema.

2. Vitamin A Palmitate: High dosages of vitamin A palmitate may
decrease the progression of retinitis pigmentosa by a little amount
each year. However, the individual need to exercise caution because
too much can be harmful.

3. Sunglasses: These shield the eyes from harmful ultraviolet rays that
could hasten vision loss and lessen the eyes' sensitivity to light.

Lung Adenocarcinoma:
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The most common cancer-related death in the world is lung cancer.
According to estimates, there will be 142,670 lung and bronchial
cancer fatalities and 228,150 new cases in the United States in 2019 .
The majority of lung cancers, up to 85%, are non-small cell lung
cancers (NSCLC), which is thought to be a sneaky illness with a bad
prognosis. The aggressiveness of NSCLC and its resistance to
standard treatments remain unsolved problems. Therefore, it is
urgently necessary and clinically crucial to elucidate the
pathophysiologic mechanisms in order to identify biomolecules as
drug targets and develop novel therapeutic agents.

The G protein-coupled receptor (GPCR) known as opsin
4 /melanopsin (OPN4), which is typically found in a small subset of
intrinsically photosensitive retinal ganglion cells, controls circadian
rhythms, pupil functions, melatonin expression, cognition, and sleep.
There are about 900 members of the GPCR family, which activates
heterotrimeric G proteins to transmit extracellular signals to
intracellular effector pathways. The majority of GPCRs are
overexpressed in head and neck, NSCLC, breast, prostate, gastric
tumour, and melanoma primary and metastatic tumour cells. Many

of the cell membrane receptors in this family are involved in
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aberrant intracellular signal transmission that is frequently linked to
the development and metastasis of tumours. In order to create new
anticancer therapeutics for NSCLC, it may be logical to target the
GPCRs involved in oncogenic signaling

GPCRs interact with different signalling proteins such as G proteins
(G, families Gi, Gs, Gq/11, and G12/13) or arrestin to convey signals
from the extracellular into the intracellular space. These G proteins
are involved in a number of signalling pathways, including the
activation of the PLC family by Gq/11, the stimulation of the adenylyl
cyclase pathway by Gs, the suppression of the adenylyl cyclase
pathway by Gi/o, and the activation of the small GTPase pathway by
G12/13. Similar in structure are the protein complexes Gq, G11, G14,
and G15/16, each of which has an active component that can cause
PLC activation. Additionally, these subunits control overlapping and
distinct signalling pathways, activating inositol lipid [for instance,
calcium /protein kinase C (PKC)] signalling PLC isoforms as a result..
The increased expression of OPN4 contributes to the growth of lung
cancer.

The symptoms includes shortness of breath, persistant cough, chest

pain, Fatigue, raspy voice, Difficulty breathing, wheezing, etc.,
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In order to help the individuals with this Retinitis pigmentosa and
Lung Adenocarcinoma the medications such as drugs can be
designed by using this Leptuca pugilator which contains an opsin
protein. So by means of using bioinformatics tools the
characterization that needs before designing a drug can be identified
systematically within a little time.

Enolase in Austruca annulipes:

Enolase, a major glycolytic enzyme, belongs to a novel class of
surface proteins that lack traditional surface transport machinery
but are carried on the cell surface via an unknown method. Enolase
is a multifunctional protein, and its capacity to act as a plasminogen
receptor on the surface of a wide range of hematopoetic, epithelial,
and endothelial cells implies that it may play a role in the
intravascular and pericellularfibrinolytic system. Its function in
systemic and invasive autoimmune diseases was just recently
discovered. In addition to this capability, enolase's ability to function
as a heat-shock protein and to bind cytoskeletal and chromatin
structures suggests that it may be important in transcription and a
range of pathological processes.

Enolase is a metalloenzyme that facilitates the interconversion of 2-
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phosphoglycerate to phosphoenolpyruvate during glycolysis. This
reversible enzymatic reaction is affected by the concentration of
substrates available in the environment.

Enolase belongs to the large enolase superfamily. Depending on the
isoform, it has a molecular weight of 82,000-100,000 Daltons. The
two subunits of human alpha enolase are antiparallel in orientation,
thus Glu20 of one subunit forms an ionic connection with Arg414 of
the other. Each subunit is divided into two domains. The N-terminal
domain is made up of three -helices and four -sheets. The larger C-
terminal domain begins with two -sheets, then two -helices, and ends
with a barrel composed of alternating -sheets and -helices arranged
so that the -helices surround the -beta sheets. The compact, globular
structure of the enzyme is the result of significant hydrophobic
interactions between these two domains.

o In humans, there are three subunits of enolase q, 3, and vy,
and, each encoded by a separate gene and capable of combining
to generate five different isoenzymesaa, af3, ay, B3, and yy.

° aa or non-neuronal enolase (NNE). Enolase 1 is another
name for this enzyme. It can be found in a range of tissues,

including the liver, brain, kidney, spleen, and adipose tissue. It is
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found in all normal human cells at some level.

° BB or enolase specific to muscles (MSE). Enolase 3 is another
name for it. This enzyme is mostly limited to muscle, where it is
found in extremely high concentrations.

° Yy or neuron-specific enolase (NSE). Also known as enolase
2. It is expressed at very high levels in neurons and neural
tissues, where it can account for up to 3% of total soluble
protein. Most mammalian cells express it at much lower levels.

Enolase Protein Deficiencies:

a-Enolase in Myogenesis and Muscle Regeneration

Proteolysis associated with the cell surface is a common mechanism
in several physiological processes involving tissue remodelling.
Myogenesis is an example of tissue remodelling in which massive
extracellular matrix degradation takes place. Components of the PA
system play important yet distinct roles in muscle regeneration after
injury. Using genetically modified mice for uPA and plasminogen, we
and others have shown that loss of uPA-mediated plasmin activity
blunts muscle repair in vivo. In contrast, a negative role for PAI-1 in
muscle regeneration was suggested. The PA system has also been

shown to have an increasingly important role in muscular
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dystrophies. For example, greater expression of uPA has been found
in mdx muscle, the mouse model for Duchenne muscular dystrophy
(DMD). Conversely, genetic loss of uPA exacerbated dystrophy and
reduced muscle function in MDX mice. Satellite cells derived from
human DMD patients produce more uPAR and PAI-1 and less uPA
than normal satellite cells. uPA and plasmin appear to be required
for the infiltration of macrophages into the damaged or dystrophic
muscle in mdxmice. However, an interesting observation
underpinning these results was that genetic loss of the uPAR in mdx
mice failed to exacerbate muscular dystrophy, suggesting that uPA
exerts its proteolytic effects independently of its cell surface
receptor, the uPAR.

The particular muscle enolase isoform, known as [3-enolase, is
expressed in both differentiated myotubes and adult myoblasts that
are actively growing. It is regarded as an early marker of myogenesis
since it is increased in muscle during embryogenic development. The
-isoform is completely missing in adult muscle, whereas the
expression of the -isoform is maintained in adult muscle and in
muscular cells. The increase of the -isoform is followed by a decrease

of the and isoform. Additionally, we have shown that «a-enolase is
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upregulated in murine myoblasts C2C12 differentiation in vitro and
in muscle regeneration in vivo. This raises the possibility that
plasminogen receptors may also play a role in myogenesis and
skeletal regeneration as a mechanism for controlling plasmin
activity.

a-Enolase in Cancer

Enolase serves as a crucial protein, improving cellular metabolism in
anaerobic environments, and encouraging tumour invasion through
plasminogen activation and ECM degradation in cancer cells, where
its activity as a plasminogen receptor has been widely studied.
Desmin, interleukin 8, and enolase were recently discovered as key
players in the tumorogenesis of colon cancer in an investigation of
disease-specific gene networks. The invasiveness of the follicular
thyroid cancer cell lines was reduced by the knockdown of enolase-
tubulin interactions, suggesting a function for the enolaselase gene
product. Expression of enolase encouraged cell division, migration,
invasion, and tumorigenesis.

Tumour cells must speed up their glucose metabolism as they grow
and create tumours. Solid tumours frequently exhibit hypoxia.

Glycolytic gene overexpression has been discovered in numerous
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human malignancies, which is consistent with this. Enolase is
produced on the cell surface of tumour cells, where it encourages
cancer invasion and upregulates anaerobic proliferation (Warburg
effect). Thus, it appears that a -enolase is having a pleitropic effect
on the development of cancer cells. A variety of posttranslational
changes, including acetylation, methylation, and phosphorylation,
have been shown to affect o -enolase in pancreatic ductal
adenocarcinoma, where it has also been shown to be increased. Both
the expression of a-enolase and posttranslational changes may have
diagnostic and prognostic significance in cancer.

a-Enolase in Rheumatoid Arthritis

Chronic autoimmune conditions like rheumatoid arthritis, systemic
sclerosis, and primary nephropathies have all been linked to
overexpression of a-enolase. Autoantibodies to -enolase are seen in
the sera of people with extremely early-stage rheumatoid arthritis
and may be useful for prognostic and diagnostic purposes. The
primary autoantigen of rheumatoid arthritis has recently been
identified as citrullinated proteins. Peptidylargininedeaminase
catalyses citrullination, also known as deimination, which modifies

the side chains of arginines. Protein structure, antigenicity, and
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function could all be changed by this posttranscriptional alteration.
The sinovial membrane has high levels of -enolase, and rheumatoid
arthritis-specific antibodies were detected against citrullinated -
enolase. Citrullination modifies the conformation of a-enolase,
disrupts the noncovalent contact that leads to the development of
the enolase dimer, and alters the glycolytic activity and plasminogen
binding. It's probable that citrullination of cell-surface a-enolase
abolishes its plasminogen binding and activating action and is a
factor in the reduced fibrinolysis seen in rheumatoid arthritis. Oddly,
additional glycolytic enzymes that operate as autoantigens for
rheumatoid arthritis, such glucose phosphate isomerase and
aldolase, also encourage autoimmunity to the disease.

a-Enolase in Alzheimer’s Disease

Although the specific neuronal enolase isoform is -enolase,
neurological tissues also contain the -isoform. It has been suggested
that enolase-enhanced plasmin production enhances neuritogenesis.
The survival and neurogenesis of neural cells were also hampered by
cathepsin X's cleavage of the C-terminal lysine ofa -enolase. Enolase
has been identified as a powerful plasminogen receptor in the brain

and as a potential therapeutic target for Alzheimer's disease. It is
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also known to be increased in this organ. Alzheimer's disease is
characterised primarily by glucose hypometabolism and
upregulation of glycolytic enzymes, but growing evidence suggests
that -enolase may serve other purposes besides glucose metabolism.
For example, plasminogen bound to -enolase stimulates plasmin
activation of the prosurvival factor mitogen-activated protein kinase
(MAPK)/extracellular-signal regulated kinase 1/2 (ERK1/2) as well
as can drive In light of its many capabilities, a-enolase may operate
as a neuroprotective agent.

Alzheimer's disease has recently been linked to a number of
posttranslational changes of the enzyme a-enolase. Glycosylated-
enolase, oxidised, or glutathionylated levels have been linked to
Alzheimer's disease. Due to the metabolic deficiency linked to
Alzheimer's disease, these alterations would make enolase
catalytically inactive. A-enolase alterations may affect not just
glucose metabolism but also its function as a plasminogen receptor,
which regulates neuronal survival and AfS degradation. However, the
impact of these modifications on the enzyme's other many activities

is still a matter of active research.
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Abstract

In emerging education scenarios, the cognitive learning
approach plays a vital role. Inculcating this process of learning
emphasizes the role of the internal mental process such as memory,
perception, and analysis in shaping our actions and reactions.
However, recent research suggests that there is much scope for
enhancing the cognitive approach to further our understanding of
the complex workings of the human mind. In this paper, we explore
the various ways in which the cognitive approach can be enhanced,
and how this can contribute to a more nuanced understanding of the
psychology of the students. The psychological approach has
significant implications in designing instructional, strategies to
promote sustained attention, operational memory, retrieval and
retention, critical thinking, and problem-solving skills among the
students by designing instructional strategies to explore various
domains to overcome the crucial load. Ultimately, incorporating
cognitive psychology research into teaching practices increases their
full potential to prepare them for success in their academic and
professional lives.

Key words: Cognitive, Psychological, Memory, Attention, Perception.
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Introduction

The cognitive approach emerged in the mid-20th century as a
response to behaviourism, which emphasized the study of
observable behaviors rather than internal mental processes. It posits
that our mental processes play a crucial role in our behaviour and
that by understanding these processes, we can better understand
human behaviour. The cognitive approach has been applied to
various domains such as perception, memory, language, and
problem-solving, and has led to significant advances in our
understanding of these domains. However, there is still much to be
explored and understood about the human mind, and the cognitive
approach can be enhanced to further our understanding.

Enhancing the Cognitive Approach

Incorporating Neuroscience: While the cognitive approach has
traditionally focused on internal mental processes, recent advances
in neuroscience have provided new insights into how these
processes are implemented in the brain. By incorporating findings
from neuroscience, we can gain a deeper understanding of how the
brain supports cognitive processes and how these processes are

affected by neurological disorders.
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For example, studies using functional magnetic resonance imaging
(fMRI) have revealed how different areas of the brain are activated
during various cognitive tasks, such as working memory and
attention. This information can be used to refine our understanding
of how these processes work and how they are interrelated.
Similarly, research on neurological disorders such as Alzheimer's
disease and Parkinson's disease has provided insights into the
cognitive deficits associated with these disorders. By understanding
the underlying neural mechanisms involved in these disorders, we
can gain a better understanding of how cognition works and how it
can be affected by various factors.

While the cognitive approach has traditionally focused on internal
mental processes, recent advances in neuroscience have provided
new insights into how these processes are implemented in the brain.
By incorporating findings from neuroscience, we can receive a
deeper understanding of how the brain supports cognitive processes
and how these processes are affected by neurological disorders.
Emphasizing Individual Differences

The cognitive approach has often been criticized for ignoring

individual differences in cognition. By taking into account differences
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in factors such as age, gender, and culture, we can gain a more
nuanced understanding of how cognition works and how it varies
across individuals. For example, research has shown that cognitive
abilities tend to decline with age, but the rate and pattern of decline
can vary across individuals. Similarly, studies have shown that there
are gender differences in cognitive abilities, with men performing
better on tasks involving spatial reasoning and women performing
better on tasks involving verbal ability.

By taking into account individual differences, we can gain a better
understanding of the range of cognitive abilities and how they are
influenced by various factors. This can be useful in developing
interventions to enhance cognitive functioning in individuals with
cognitive deficits.

Using Multidisciplinary Approaches

The cognitive approach has traditionally been an interdisciplinary
field, drawing on insights from philosophy, linguistics, and computer
science. However, by incorporating findings from other fields such as
anthropology, sociology, and economics, we can gain a more holistic
understanding of cognition and its role in human behavior. For

example, research in anthropology has shown that cultural factors

111 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

can influence cognitive processes such as perception and memory.
Similarly, studies in sociology have shown how social factors such as
race and ethnicity can affect cognitive performance.By incorporating
insights from these fields, we can gain a better understanding of how
cognition is shaped by various factors, both internal and external.
This can be useful in developing interventions that take into account
the broader social and cultural contexts
Exploring Nonconscious Processes

While the cognitive approach has traditionally focused on
conscious mental processes, recent research has shown that
nonconscious processes play a significant role in shaping our
behavior. By exploring these processes, we can gain a more complete
understanding of how cognition works and how it influences
behavior. Brain imaging techniques such as functional magnetic
resonance imaging (fMRI) and electroencephalography (EEG) have
also been used to investigate nonconscious processes. These
methods allow researchers to observe neural activity in response to
subliminal or implicitly presented stimuli. The other popular method
is implicit association testing, which assesses the strength of

associations between concepts that people may not be consciously
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aware of. Participants are asked to categorize stimuli that are
presented on a computer screen, and the speed and accuracy of their
responses are measured to determine the strength of their implicit
associations. Researchers can gain a deeper understanding of the
mechanisms that underlie human behavior and decision-making.
This knowledge can have important implications for fields such as
psychology, marketing, and education, as it can help identify ways to
influence behavior and attitudes at an unconscious level.

Cognitive psychological research in Teaching follows these
steps.

Attention

Attention is an important part of learning, and research in cognitive
psychology can help teachers design activities that encourage
sustained attention. For example, teachers can use techniques such
as chunking, where information is divided into smaller units to
reduce cognitive load and improve attention. Teachers can also use
multimodal teaching methods that include visual, auditory and
kinesthetic methods to increase attention and retention.

Recall

Memory is another important component of learning cognitive
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psychology has made significant contributions to our understanding
of how it works. Memory refers to the process by which information
is encoded, stored, and retrieved in the brain, and cognitive
psychologists have developed a range of theoretical models to
explain these processes. One of the most influential models of
memory is the Athkinson-Shiffrin model, which proposes that
memory consists of three stages, sensory, short-term memory, and
long-term memory,. Sensory, memory holds incoming sensory
information for a brief period, allowing us to perceive the world as a
continuous stream of information. Short-term memory, or working
memory, holds information for a limited time (typically less than 30
seconds) and is crucial for tasks such as problem-solving and
decision-making. Long-term memory is the final stage, where
information can be stored indefinitely and retrieved when needed.
Research in cognitive psychology has also identified various factors
that can affect memory performance, such as attention, rehearsal,
and elaboration. Attention is critical for encoding information into
memory, and studies have shown that divided attention (i.e., trying
to focus on multiple things at once) can impair memory

performance. Rehearsal involves repeating information to help
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maintain it in short-term memory, and elaboration involves linking
new Cognitive psychologists have also identified different types of
memory, such as episodic memory, semantic memory, and
procedural memory. Episodic memory refers to memories of specific
events, while semantic memory refers to general knowledge about
the world. Procedural memory involves the memory of how to
perform specific tasks or skills, such as riding a bike or playing an
instrument.

Cognitive psychology has made significant contributions to our
understanding of how it works. Memory refers to the process by
which information is encoded, stored, and retrieved in the brain, and
cognitive psychologists have developed a range of theoretical models
to explain these processes.Research in cognitive psychology has also
identified various factors that can affect memory performance, such
as attention, rehearsal, and elaboration. Attention is critical for
encoding information into memory, and studies have shown that
divided attention (i.e., trying to focus on multiple things at once) can
impair memory performance. Rehearsal involves repeating
information to help maintain it in short-term memory, and

elaboration involves linking new information to existing knowledge
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structures to facilitate encoding.

Cognitive psychologists have also identified different types of
memory, such as episodic memory, semantic memory, and
procedural memory. Episodic memory refers to memories of specific
events, while semantic memory refers to general knowledge about
the world. Procedural memory involves the memory of how to
perform specific tasks or skills, such as riding a bike or playing an
instrument.

Finally, research in cognitive psychology has also investigated
memory distortions and errors, such as the misinformation effect,
where exposure to misleading information can alter memory of an
event. Studies have also shown that memory can be influenced by
factors such as emotions, motivation, and the use of memory-
enhancing strategies.

Cognitive psychology has and research in cognitive psychology helps
teachers develop strategies that promote effective memory retrieval
and retention. For example, teachers can use the principle of
elaboration to combine new information with existing knowledge to
improve memory recall and retention. Teachers can also use

mnemonics such as acronyms and rhymes to help students
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remember information.

Problem-Solving:

Problem-solving is a critical component of learning. A cognitive
psychological approach have developed various measures to study
ho w people approach and solve problems. These measures aim to
understand the cognitive processes involved in problem-solving,
such as planning, reasoning, decision-making, and creativity. One
commonly used measure is the Tower of Hanoi task, which involves
moving a series of disks from one peg to another, following specific
rules. This task requires planning and strategy, and researchers can
use it to measure problem-solving abilities and explore the cognitive
processes involved in solving problems. Studies have shown that
individual differences in problem-solving abilities can affect
performance on the Tower of Hanoi task, and that training can
improve problem-solving skills.

Another popular measure is the Remote Associates Test (RAT),
which assesses creativity and divergent thinking by asking
participants to identify a word that is associated with three

seemingly unrelated words. For example, participants may be given
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the words "banana,” "heart,” and "suit" and asked to identify the
word that is associated with all three (in this case, "card"). The RAT
can measure the ability to make remote associations between
concepts and is used to study the cognitive processes involved in
creative problem-solving. It can help teachers to develop effective
problem-solving strategies. For example, teachers can use the
principle of metacognition, which involves teaching students to
reflect on their own thinking, to help them identify strengths and
weaknesses in problem-solving. Teachers can also use cooperative
learning activities that encourage students to work together to solve
problems, promoting critical thinking and problem-solving skills.

4. Feedback:

Feedback is an integral part of learning, and research in cognitive
psychology can help teachers provide effective feedback to students.
For example, teachers can use formative assessment where feedback
is provided during the learning process to help students identify
their strengths and weaknesses. Teachers can also use peer
feedback, where students give feedback to each other, to promote
self-regulated learning and increase student motivation.

5. Cognitive load
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Cognitive load refers to how much mental effort is required to
process information and cognitive psychology research can help
teachers reduce cognitive load in their teaching practice... For
example, teachers can use techniques such as distributed learning,
where learning is spread over time, to reduce cognitive load and
improve retention. Teachers can also use scaffolding to break
learning into manageable steps to reduce cognitive load and improve
understanding.

6. Attitude

Mindset refers to the underlying beliefs and attitudes that influence
behaviour and research in cognitive psychology can help teachers
foster the growth of their students. For example, teachers can
promote a growth mindset by emphasizing effort and persistence
over innate ability. This can help students develop confidence in
their ability to improve and succeed.

Conclusion:

In this paper, we have explored various in which the cognitive
approach can be enhanced to further our understanding of
psychology. Incorporating findings from neuroscience, emphasizing

individual differences, using multidisciplinary approaches, and
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exploring nonconscious processes, can gain a more nuanced and
holistic understanding of noesis and its role in human behaviour,
cognitive psychology research into teaching practices can have a
significant impact on student learning outcomes. By designing
instructional strategies that promote sustained attention, effective
memory retrieval and retention, critical thinking and problem-
solving skills, and effective feedback, teachers can enhance their
students' learning experiences. Additionally, by reducing cognitive
load and promoting a growth mindset, teachers can help students to
develop the skills and attitudes they need to succeed in their future
endeavors. Ultimately, by incorporating cognitive psycholog
research into teaching practices, we can help students reach their full
potential and prepare them for success in academia and the
workplace.
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Introduction

The publication of Roland Gérard Barthes’ seminal essay, “The Death
of an Author” in 1967 and followed by Michel Foucault’s radical
essay, “What is an Author?” in 1979 earned raging reviews that
stormed the academia as to the understanding of the notion of
‘absolute’ author in literary criticism. Albeit the history of literary
criticism has had its share of debates on the understanding of author
and authorship, firmly substantiated by Séan Burke, the theorist of
authorship as in: “There is no theory of literature or the text which
does not imply a certain stance towards the author” (1995).

The two radical essays instigated pertinent questions mainly that of
the interpretation of a text, meaning-making and that of authorship.
Barthes’ and Foucault’'s essay have tried to separate the identity of
author or divorce the text from the author, and argues that writing
and author are unrelated, paradoxically, even though the word
author is written in capital ‘A’ in both the essays. So, whether the
essays are reflective of the subversion of authority of the author or
making an attempt to not assign a signified (final meaning) to the
text or want the text to speak for itself and make it predominant with

the birth of the reader to let the final meaning rest with the complete
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reading of the text by the reader. This meaning-making of a text is
likely limited to criticisms as well. But here, instead of talking about
criticisms, we will look into what and how i.e. which literary period
became a precursor to fervently talk about text and meaning.
Mapping Authorship

The origin of the word ‘author’ as mentioned in Oxford English
Dictionary (OED) is found from the Middle English period where it
means a person who invents or causes something. The Old French
has the word as autor. The Latin origin puts it as auctor, from augere
which means an increase, to originate or to promote. However, shift
of auctor (in Latin), to the spelling, ‘th’ took place in 15t century
which happened under the influence of authentic (OED). Initially the
traditional role of the author was bound to supremacy, authority
within and even meaning-making of a literary text. Simply put, a
common-sense concept ascribed the status of author to a creative,
individual source, where the authorial intentions “warrant a
particular reading for texts, the meanings of which are taken to be a
form of private property belonging to the author” (Hartley, 2004,
p.13) and this meaning-making, the creation of the

creator/genius/author/composer/poet, with whatever we make it
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coterminous with, but is primarily of the author , who had a linear
bearing both in terms of meaning-making for the reader and
interpretation of the text. In the lineage of English Literary criticism,
the concept of author is relatively a recent debatable invention and
no school of English literary thought have probed into the possible
consideration of author.

Interestingly, the notion of reading and interpretation was assumed
to be a channel sent directly by the author to the reader. This could
be firmly accounted for in the pre-modern or medieval religious
reading or textual theories where the author of a sacred-text, let us
say for example, the Bible was considered to be transcendental,
supreme, sovereign, and divine and anything the readers could do
was but to comply with the scriptures or demurely accept the
authorial intention with slavish obedience. The idea that readers
could make meaning out of texts would have sounded blasphemous.
So, meaning had to be divine, fixed. It was two centuries ago, in the
eighteenth-century Romantic tradition, that with the probing
questions of creativity, where Coleridge and Wordsworth
understood the meaning of creation as something original, not a

representation, imitation, reflection or even adaptation but
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something unique, which could completely be called original, the
creation of the author/poet. So, during Romantic Age, if it was
anything, then ‘creativity’ was the probing question. Conversely the
concept of text just did not spring from Zeus’ head. Instead, English
literary theory when consolidated into the school of New Criticism in
the first decades of twentieth century became the founding head for
the challenging notion of author. The controversy on authorial
intention, meaning- making, and supremacy as Author-God is a
modern concept in secular literary textual criticism. And it is this
concept that underpins the ideological theory of meaning of a text
that first found its roots and prominence in the School of Anglo-
American New Criticism or Practical Criticism or Leavism. In modern
times, “textual theory located meaning in the text” (Hartley, 2004,
p.140). In other words, Hartley (2004) quips,

Textual analysis is particularist...(and) involves examining the
formal internal features and contextual location of a text to ascertain
what readings or meanings can be obtained from it. It is not a tool to
find the correct interpretation of a text, rather it is used to
understand what interpretations are possible

(p.227).
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So, the Text under consideration is a thing and without any
consideration of extraneous factors like biography, history,
sociology, psychology etc. The growing dissatisfaction of the younger
generation of critics with “bio-historical and subjective literary
criticism” (Krishnaswamy, Varghese and Mishra, 2004, p. 113)
brought the sprouts of the school of new criticism, initially an
American movement that paralleled germination in England as
Practical Criticism. The spearhead of this movement in America was
John Crowe Ransom, Allen Tate, Cleanth Brooks and Robert Penn
Warren who came to be identified with New Criticism. John Crowe
Ransom wrote a founding book on Richards, Eliot, and others by the
title of The New Criticism (1941), from which the movement got its
name. However, the pioneers who mobilized the same movement in
England were [.A. Richards and T.S. Eliot. Though the crusaders of
each school differed but there were common grounds on which they
shared the critical aspects of the text and meaning- making.
However, the single influential person who had mobilized and
shaped the present discourse of complex and overlapping trends of
critical literary movements (British or American) spanning from

1930s to 1970s was none but the critic, poet, and dramatist T.S. Eliot.
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The “technologico-Benthamite” (cited in Selden, 2005, p.15)
civilization as was stated by F.R. Leavis, progressed rapidly with
scientific discoveries, and fast-moving industrial societies; but there
was an increasing unease growing for the most reverential literary
works that were suffering from stagnancy. Writers were looking for
a change in the literary sphere as the political, social, and cultural
environment increasingly felt the untoward consequences of
postwar pessimism and Victorian prudery. This desire brought in
revolt in almost all critical camps who increasingly found escape in
new criticism.

The reverential regard for the literary work that suffered from
formulaic thoughts and sluggish ideas, found an excessive concern in
the text itself. Citing John Crowe Ransom, who came up with the first
law of criticism about the literary work that shall recognize: “The
autonomy of the work itself as existing for its own sake” (1941, p.8).
In simpler words, the basic aim of New Critics was to urge the
readers while reading and evaluating a literary work not to take
recourse to the biography of the author, the history of his/her times
or an academic emphasis on the social and economic order at the

time of production of the text and to eschew the psychological
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bearing and moral effects on the reader. Apart from this, some of the
tenets that governed the ideas of New Criticism were the intrinsic
approach to check the extreme bio-historical approaches or the lop-
sided humanistic approach. The distinct approach of the New Critics
was close-reading or explication [derived from I.A. Richards’ Practical
Criticism (1929)] and William Empson’s Seven Types of Ambiguity
(1930). They put forth a fresh way of looking at texts as a self-
contained verbal organization (Krishnaswamy et al., 2008, p.114).
So, the meaning was intently to be found in the language, that is
words, figures of speech, images, and symbols rather than character,
thought and plot. A huge emphasis was laid on structure and
meaning (organic unity) the two taken together and not divorced
from one another. This could be further explicated to any form of
literary work which primarily has the linguistic elements (a house of
lexical analytical tools developed by Cleanth Brooks on T.S. Eliot and
[.LA. Richards’ writings) that help in the interpretation of complex
interrelations. The tools are: ‘ambiguities’ (multiple meanings),
‘irony’, ‘paradox’ and ‘tension’ within the work of literature. This is
rightly put by M.H. Abrams (1978) as a form of a work which has a

‘structure of meanings’ and develops mainly through evoking
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‘thematic imagery’ and ‘symbolic action.” Thereby reading a literary
text of any form: poetry, novella, narrative, ‘close reading’ enabled
the readers’ understanding and interpretation of the text to get hold
of the contextual connotations rather than the denotative lexical
meanings. So, rigorous textual reading emphasizing form and
content shorn of biographical and socio-historical perspectives,
strengthened the school of New Criticism which emerged at its peak
in the1940s and 1950s. Going back to the lexical tone and style or
analytical tool of a literary work, ‘tension’ has a major bearing, as
Allan Tate used the word ‘tension’ to imply in a poem, “‘extension’
which means referentiality--and ‘intension’ which denotes
implication.” To simplify, the theoretical frame for this study was
provided by William K. Wimsatt along with Monroe. C. Beardsley, the
two together came up with two path-breaking essays, The Intentional
Fallacy (1946) and its corollary essay Affective Fallacy (1949) where
the basic understanding for the literary text is the “printed material
and not the author’s intention (realized/unrealized,
conscious/unconscious) nor the historical context that created it”
(Krishnaswamy et al.,, p.117). The term intentional fallacy implies

reading or interpreting a literary piece of work or trying to
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understand by way of reference to something outside the text.
Wimsatt and Beardsley asserted,

an author's intended aims and meanings in writing a literary work—
whether these are asserted by the author or merely inferred from
our knowledge of the author's life and opinions—are irrelevant to
the literary critic, because the meaning, structure, and value of a text
are inherent within the finished, free- standing, and public work of
literature itself. Reference to the author's supposed purposes, or else
to the author's personal situation and state of mind in writing a text,
is held to be a harmful mistake, because it diverts our attention to
such "external” matters as the author's biography, or psychological
condition, or creative process, which we substitute for the proper
critical concern with the "internal"” constitution and inherent value of
the literary product. (cited in
Selden 2005, p. 20)

The reading of the text in other words should be objective. This had
formed the central tenet of New Criticism. Similarly, the corollary
essay, Affective Fallacy, talks about the mistake of reading a text and
evaluating it on the ‘effects’ it has on the readers. By effects we

understand the emotion it evokes in the readers; because of which,
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instead of democratising or making the reading objective, the critics
realised that the interpretation becomes ‘impressionistic and
relativistic’. The two essays also acted as reactionary responses to
[.LA. Richards’ writing, The Principles of Literary Criticism (1923),
which says that the quality of a poem is to evoke psychological
responses in the readers. (Abrams 1978, p.4)

New Criticism with its premise on ahistorical, neutral nature--and
the study of ‘only the words on the page’ is not concerned with
historical, biographical, social, and other cultural contexts; not
interested in the fallacy of ‘intention’ and ‘affect’, but only in the text
itself with language and organization; do not look for the text’s
meaning, but how the text ‘speaks itself’ (Selden, 2005, p.19).
Drawing to an end, the movement of New Criticism actually acted as
a precursor in the complex and radical movements of critical
theories as to the questions of text, author and meaning. However,
with the 1960s and 1970s, the movement began to wane away as
more probing questions came into the nature of author?
Re-configuring Text and Meaning

The consonance with postmodernism/poststructuralism brought in

the most radical and revolutionary essay by the French
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poststructuralist, Roland Barthes’ The Death of the Author (1967).
Author, as the traditional notion conceptualises, has been confined to
any work of art, book, photograph, literature, music, or anything
created and can be read by another person. An author is a person
responsible for a particular piece of work. In the same way, a writer
would probably claim that he/she wrote the book. This could be
applied to a photographer, film, television, or literary work----
anything that is created by a conscious, intellectual, and imaginative
mind, and can be judged or interpreted by another person. So, a
commonsensical idea would be a piece of work which assigns
meaning by ascribing it to a creative, individual source. So, an
author’s intentions warrant a particular meaning to the text. In other
words, any source of writing entails its meaning in a figure who is
the guiding principle; someone above or beyond and the meaning-
giver to the work. This unquestioning notion of the author as an
absolute source of meaning and traditionally ordained as the origin
and the meaning of the text stands as the final ‘signified’. In
accordance with the above postulation, we find a mention in A
Reader’s Guide to Contemporary Literary Theory that some

literature/literary works after examination and scrutiny stand out in
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distinction or preferably to say acquires a superior status. These
texts become a canon and exhibit hierarchy or become exclusive, and
the status is enjoyed by the authors as well (Selden et al., 2005). This
brought raging anger and insecurity to the class of writers. It was the
movement of New Criticism that first consolidated and questioned
the notion of author. Furthermore, in the 1960s, a number of
structuralists and poststructuralist theorists critically questioned
that the canonical status had to be dismantled and demystified as the
authority of the author or the meaning of the text was tyrannically
determinate to the author’s life, intention, psychology,
historiography, codes, customs and manners.

Barthes locates a linguistic theory that marked a radical departure
from the traditional author-oriented views that links the author with
a radically metaphorical word, ‘death’. As put by Graham Allen, “The
Death of the Author’, is, however, a usefully condensed expression of
Barthes’ developing a post-structuralist approach to the issues of
reading, writing, and the relationship between texts and the signs
which comprise them (2007, p.73). Barthes’ essay supposes that the
historicity of the author has its foundation in the early modern

period of Western Europe, “a modern figure, a product of our society
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in so far as emerging from the Middle Ages with English empiricism
and French rationalism and the personal faith of the
Reformation...more nobly put the ‘human person”™ (142-143).
Barthes contends that the author, the ‘human person’, functional in
the capitalist society, is like an ‘anchor’ of the literary work and is the
origin, the centre, the signifier. To put it simply, the work in which is
embedded an assimilation of cultures, finds meaning in the origin
which is manifested into the authorial figure. The author is ascribed
as the centre or to put it in other words, meaning or reading of the
text unarguably directed towards the authorial figure. In this way,
Barthes critiques the author in traditional literature as, “The image
of literature to be found in ordinary culture is tyrannically centred
on the author, his person, his life, his tastes, his passions” (143).

The tradition has upheld author, remarks Barthes, as the
“transcendental signified standing behind the work as God is thought
to stand behind the material universe” (Allen, 2007, p.74). Divine
status was conferred to that of the author, someone who gives
stability or acts as an anchor to closed, linear meanings. Barthes
refutes: “a text is not a line of words releasing a single ‘theological’

meaning (the ‘message’ of the Author-God) but a multi-dimensional
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space in which a variety of writings, none of them original, blend and
clash” (p.146). The idea that the Author with its traditional inherent
meaning enshrines the text with the final signified has been
ceaselessly derided not only by Barthes, especially in his
introduction of this notion in the epitaph to the essay extracted from
Honoré de Balzac’s novel Sarrasine, that leads to a series of questions
relating to the uncertainty of the voice, that is the voice that speaks
has been subjected to questions. It was in France, the precedence
was set to subvert the authority of the author. Mallarmé proposed to
substitute language for man because it is the language which speaks,
not the author. Valéry consolidated Mallarmé’s theory though with
an inclination towards rhetoric and the verbal conditions of
literature.

Writing does not signify or depend on an ultimate signified---
Author/God/Logos: that is the origin, and the end of the meaning are
perpetually deferral in post-structuralist terms. The argument put
forth by Barthes is that, in a “multiple of writing, everything is to be
distinguished, but nothing deciphered (p. 147). In other words,
meaning has no determinacy, no specificity. Barthes asserts:

“Literature (better to say writing), by refusing to assign to the text a
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‘secret,’ i.e. an ultimate meaning, liberates an activity we may call
counter theological, properly revolutionary, for to refuse to halt
meaning is finally to refuse God and his hypostases, reason, science,
the law” (p. 54). This revolutionary argument opened a new stage for
literary discourse, especially for the triad--- author, text and
meaning; specifically speaking of meaning that cannot be assigned to
text and which subverts the hypostases of
God/Author/Logos/Reason/Science. The arguments add to Barthes’
understanding in a way where the conventional thoughts weakened,
waned, and dismantled with the political and social currents of May
1968: French history suffered from the cataclysmic events of
student’s protest the Vietnam War and the atrocities of the then
French Government and the revolt of the workers’ union against the
government and the aftermath thereafter. The political events
resulted in the birth of radical thoughts among the intellectual class,
especially with the theorists and philosophers like Roland Barthes,
Jacques Derrida, Julia Kristeva, Michel Foucault, Jean Baudrillard and
Phillipe Sollers. The emergence of the ardent school of New Criticism
acted as a precursor to the more radical ideas of Post-structuralism.

These schools became catalytic in situating literature as a discourse,
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not in that transcendental, patriarchal frame, but very much in the
world order of symmetry, horizontal and non-hierarchical immanent
foundations.

Barthes’ argument, to fix meaning to the figure of the author, in a
sense limits, contains and tames meaning (p. 53). To clarify, give a
text an Author is to impose a limit on the text, to furnish it with a
final signified, to close the writing (p.147). Creating one’s own
connotation with words also forms the basic cardinal critique of
Barthes, which gives a post-structuralist turn to the essay. What the
essay implies is that the author loses control as to what background
the reader brings to the text, which largely depends on the reader’s
personal experiences, cultures, and history of the words inscribed in
the text. But the dimension is more complex than that. Post-
structuralist thinking says that a reader’s today’s reading of a text
will vary from tomorrow’s reading of the same text and vary the day
and after and after. The changeable meaning cannot be ascribed to a
linear thought as every day the reader encounters a new experience
that changes the lens of the interpretation. So, the meaning is
subjected to the subjectivities of the reader and does not attain a

final signified. With each ‘re-reading’ the’ origin’ of meaning lies
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exclusively in ‘language itself.” Dispensing away with the notion of
the author, this post-structuralist essay gives within the birth of
intertextuality, theory of the text and the journal Tel Quel (published
between 1960-1983). The journal’s prime objective echoes the idea
behind the essay, Death of the Author, where, Barthes contests that
the “figure of the author to stabilize meaning is to join modern
western society’s attempt to” give writing “a singular, unified and
indisputable meaning or truth” associated with the capitalist,
consumerist culture where the readers wanted to assign a stable,
consumable, finite meaning to all texts would lead literature to
consumption and consumerism. Tel Quel theory resisted the idea of
texts assigned with a linear, decipherable meaning and being mass-
produced and consumed. (Allen, 2007, pp.74-76). Conjecturing the
author as the origin of meaning limits the profusion of meaning or
the plurality of meaning that language displays. It is instead
perpetually deferring; in a way, language becomes, fluid, and
complex and never ends in tangible meaning. Barthes quips in by
way of remark, there is “No underlying ground; the space of the
writing is to be traversed, not penetrated: writing ceaselessly posits

meaning but always in order to evaporate it: it proceeds to a
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systematic exemption of meaning” (p.147).

Barthes theorises, that the creation of a text has versatile
manifestations of pre-existing ideas, cultures, beliefs, languages,
ideologies, philosophies, and the like. So, when a writer asserts a
piece of creation as his/her own, with the understanding that the
ideas are one’s own, however, is not true. What one fails to
acknowledge is that the author has borrowed everything from the
previously existing, ideas, languages, texts, and human expressions
that h/she has read or has been aware of. To simplify, the author as
the source of meaning is replaced with readings based on linguistic
elements in the text making the text open to multiple meanings and
multiple readings. This is put by Allen as,

The literary text is no longer viewed as a unique and autonomous
entity but as the product of a host of pre-existent codes, discourses,
and previous texts. Every word in a text in this sense is intertextual
and so must be read not only in terms of a meaning presumed to
exist within the text itself, but also in terms of meaningful relations
stretching far outside the text into a host of cultural
discourses...viewing meaning can never be contained and

constrained within the text itself... (this major term) Intertextuality
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is not, however, an intended reference by an author to another text:
intertextuality is the very condition of signification, of meaning, in
literary and indeed all language. (2007, p.82)

So, the intertextual elements in a literary text affirm that there
cannot be any centre of meaning, be it in the ‘sign’ (with a presumed
signified) or the ‘Author-God’, who rendered meaning to the text. It is
suggestive of a ‘literary text always comprised of pre-existing textual
elements’ (Allen, 81). So, every word, idea, and concept used to
create the text has come from some pre-existing ideas, cultures and
human expressions woven into something apparently new and
unseen. This is well reflected in the article where Barthes opines, “A
text consists... of a multidimensional space in which are married and
contested several writings, none of which is original: the text is a
fabric of quotations, resulting from a thousand sources of culture”
(Allen, p. 76).

Barthes decentralizes the authorial figure and divorces his/her
history, and biography, from the interpretation of the text as to
bequeath meaning on the authorial intention will limit the multiple
meaning the text incorporates. So, to understand a text’s perception

and interpretation lies squarely with the reader; one should look into
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oneself for the ultimate author. Through the iconoclastic lens of
Barthes, the author has to die as writing is “the black-and-white
where all identity is lost”. (Barthes, 2006, p.1256). Further asserted
by litterateurs, like Jakki Spicer, “No presence can anchor a text’s
meaning, no holy grail can ensure the truth; there is nothing that
stands behind the name of the author” (2005, p.391) and
interpretation lies only in the hands of the reader. Inferring from
Balzac’s quote, there are multiple meanings inherent in the passage
Sarrasine (1970), and the imprecise Author’s intent.

The Author is “further transplanted in his duties of production by the
“modern scriptor,” (a distinction made by Barthes about the creators
of text) a personage enacting a performative, “pure gesture of
inscription,” drawing on a vast inner dictionary and mixing different
writings to come up with something new, ultimately without
singular, deep meaning (p.255). That is the author is merely a
scriptor who only produces a text and does not explain the text; is
born simultaneously with the text; does not ‘precede or exceed the
writing, [and] is not the subject with the book as predicate’. To put it
simply, Barthes says that a text is a place of multiple meanings

drawn from several cultures, quotations, artefacts, and customs
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which has a possible range of infinite meanings because of the
language chosen from diverse cultures/objects. To bequeath an
author for interpretation of a text is to foreclose the text and sever it
from possible meanings. So, an inscription has no ‘origin than
language itself and language which ceaselessly calls into question all
origins.” Barthes finally makes the radical observation that the death
of the author will simultaneously give birth to the Reader whose
readings, philosophy of life, and understanding of the world would
open an infinite range of interpretations or give impressions to the
meaning of the text. So, Barthes concludes with, it is the reader who
gives meaning to the text or actively produces meaning; Meaning
should be found not in the origin, but in the destination which lies

with the Reader.

It has been observed that for a text to be interpreted, meaning could
never be anchored to a fixed site, locus, origin, centre as meaning has
been quite flippant. So, writing as an entity with all its multiplicity, as
diverse cultures, ideas, and concepts get assimilated into writing and
one place where this manifold thought gets united, cohesive, bound--

is for Barthes, not the Author but the Reader. To simplify there could
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not be any ultimate/s not even the reader for that matter and
Barthes’ essay is suggestive of meaning that does not concentrate at
a point. Putting it in other words, writing with its diversity has no
origin, but finds meaning in its destination, in its readers, who
coalesce the various dimensions of writing, gather the text and with
the readers, the text finds its meaning. The inference that could be
drawn is the Reader is just one of the ultimate/s of interpreting or
giving writing meaning.

Conclusion

The idea that meaning is not fixed but negotiated refers to the belief
that the meaning of a text is not determined solely by the author's
intentions or background. Instead, meaning is created through a
complex interaction between the text, the reader, and the context in
which it is read. Barthes argues that the author's authority over the
meaning of a text is not absolute, and that the reader is an active
participant in the process of interpretation. The meaning of a text is
not a fixed or objective reality that can be discovered or decoded by
the reader. Instead, it is a dynamic and subjective process that
depends on the reader’s own experiences, beliefs, and cultural

background. In other words, the meaning of a text is negotiated
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between the reader and the text, and it can change over time and in
different contexts.

In the context of meaning-making, Barthesian perspective suggests
that meaning is not fixed or objective, but rather is the result of a
complex and dynamic process of interpretation. Meaning is not
inherent in language, author’s prerogative, or the objects that
language describes. Instead, meaning is constructed through a
process of interpretation, in which individuals make sense of the
world around them based on their own experiences, cultural
backgrounds, and social contexts. The meaning-making process
involves a complex interplay of language, culture, and power
relations. This suggests that the same text or object can be
interpreted in various ways, depending on the individual
interpreting it and the context in which they are interpreting it.
Instead of relying on the author as the sole source of meaning in a
text, meaning is produced through a collaborative and dynamic
process between the reader and the text. The reader's interpretation
of a text is just as important as the author's original intentions, and
the meaning of a text can change over time and in different contexts.

Barthes' critique on the traditional idea of the author as the sole

144 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

source of meaning in a text argues that the author's intentions and
biographical details are not necessary for understanding a text and
that the reader's interpretation is just as important as the author's
intentions. He distinguishes between readerly texts and writerly
texts. Readerly texts are easy to understand and do not require
active participation from the reader. They are typically structured in
a linear and predictable way, and they reinforce dominant cultural
values and ideologies. In contrast, writerly texts are those that
require active participation from the reader. They are typically more
complex and fragmented, and they encourage the reader to
participate in the meaning-making process. It is the importance of
context, power relations, and individual experiences that shapes the
meaning-making process. Barthes' approach to meaning-making also
emphasizes the role of language in shaping our understanding of the
world. Language is not simply a neutral tool for communication but
is rather a complex and powerful system that shapes our perception
and understanding of reality. In this sense, texts are not simply
transparent vehicles for conveying meaning but rather are complex
and multilayered structures that require active interpretation and

analysis. Accordingly, Barthes challenges the idea of a single,
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universal meaning, and instead emphasises the multiplicity of

meanings that can be produced through the interpretation of a text.

Texts are open to multiple interpretations, and the meanings

produced are shaped by the individual experiences and cultural

contexts of the readers.
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Abstract:

Actinomycetes have a significant role owing to their variety and shown
capacity to create novel bioactive chemicals. They are almost endless sources of
new compounds with several uses. Out of the over 10,000 known antibiotics,
the streptomycetes group is regarded as economically significant among
actinomycetes. The goal of Actinobacteria inhabit is to find new strains of this
important group of microorganisms that produce distinctive, innovative
bioactive substances. Due to their potential uses in the food, nutrition, and
health industries, they have enormous economic significance.

Introduction:

Actinomycetes are gram-positive, spore-producing microorganisms that have
characteristics with both fungi and bacteria. The actinomycetes are primarily
found in freshwater, marine, and soil settings. Actinomycetes were recovered
from soil samples all around the world in astonishing numbers (Berdy, 2005).
The soil is one of the primary habitats of actinomycetes, however
Streptomycetes sp. continues to be the population's most crucial element
(Oskay et al, 2005). According to reports, Micromonospora species
predominate in river sediments, while Streptomyces species are primarily
found in river water (Rifaat, 2003). Micromonospora sp., Actinoplanes sp.,

Thermoactinomyces sp., Rhodococcus sp., etc. are some examples of the fresh
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water actinomycetes. These species are typical freshwater actinomycetes that
break down lignin, cellulose, chitin, and other materials (Rajagopal et al., 2018).
Marine ecosystems are a type of extreme habitat. a significant source for the
isolation of novel microorganisms is thought to be the combination of

temperature, pressure, and salinity.

To withstand the environmental conditions and have the ability to transform
and mineralize organic materials, the microorganisms that survive in that
environment must have special physiological and structural properties (Das et
al., 2007, Usama et al., 2014). Actinomycetes are also found in plants as
endophytes and in other harsh environments, such as antarctic environments,
volcanic caves, hydrothermal vents, and deserts (Karuppiah & Mustaffa, 2013).

Actinomycetes, which make up the largest taxonomic unit in the bacterial
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kingdom, are members of the phylum Actinomycetales. According to (Dhakal et
al., 2017), they are gram positive organisms that are aerobic or facultatively
anaerobic in nature and have DNA that contains more than 50% guanine and
cytosine. They have a coccoid structure, resemble rods, or give forth branching
mycelia. Aerial mycelium and substrate mycelium are the two types of mycelia.
The aerial mycelia are carried on substrate mycelia and bear chains of spores
or sporangia, whilst the substrate mycelia branch out widely and cling to the
surface of the medium in quest of nutrition (Rajagopal et al., 2018). Seas and
oceans encircle around 70% of the earth's crust, and this area is thought to be
an understudied habitat for microbial diversity. Due to their capacity for
producing a large variety of bioactive compounds, marine actinomycetes are
regarded as commercially priceless and a treasure trove of prokaryotic
organisms. Even the manufacturing of over 70% of the antibiotics used to treat
infectious diseases was proven to take place (Berdy, 2005). Promising
secondary metabolites come in a wide variety, including antibiotics, antitumor
agents, antiparasitic agents, antiviral agents, herbicides, insecticides, vitamins,
enzymes, enzyme inhibitors, etc. (Rashad et al, 2015). Numerous kinds of
antibiotics, including ansamycins, anthracyclines, macrolides, aminoglycosides,
3-lactams, terpenes, tetracyclines, peptides, fatty acids, polyketides, alkaloids,

sugars, etc., are produced by marine actinomycetes (Dina et al., 2020). Due to
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the abuse and overuse of antibiotics in the medical, agricultural, and
pharmaceutical industries today, pathogenic bacteria have developed a greater
resistance to them.

These microbes pose a major threat to human life. According to reports, drug-
resistant microbial diseases claim the lives of approximately 700,000
individuals’ year across the globe (Miethke et al., 2021). In order to identify
powerful bioactive compounds, the successful isolation of marine
actinomycetes from uncharted regions has been demonstrated. The current
investigation focuses on the bio-prospecting and metabolite profiling of
actinomycetes in samples of maritime water and sand.

Actinomycetes in the marine environment:

Only 7-8% of the total sea surface is made up of coasts, while the remaining
60% is deep sea, 60% of which is submerged by water deeper than 2000 m
(Das et al., 2006). According to Bull et al., (2000), the deep sea is a distinct and
severe habitat with high pressure, low temperature, little light, and changeable
salinity and oxygen concentration. Despite the deep sea's large geographic
expanse, little is known about its diverse microbial population (Das et al.,
2006). It has been demonstrated, nonetheless, that it is a valuable source of
unusual bacteria for the search for fresh antibiotics (Bull et al., 2000). However,

actinobacteria isolated from deep marine sediments were poorly characterised
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in prior research (Goodfellow and Williams 1983). In more recent times,
research that were not influenced by culture have demonstrated that there are
native marine actinomycetes in the seas (Ward and Bora 2006). These include
individuals from the genuses Dietzia, Rhodococcus (Nesterenko et al.,, 1982;
Helmke and Weyland, 1984; Rainey et al., 1995; Heald et al, 2001);
Streptomyces (Moran et al., 1995); the recently described genuses Salinispora
(Mincer et al., 2005; Jensen et al., 2005). Salinibacterium, a newly discovered
genus, can withstand up to 10% NaCl without requiring salt for growth (Han et
al., 2003). It's possible that the recently discovered Verrucosispora strain AB-
18-032 (Riedlinger et al., 2004) meets the criteria for being a native marine
actinobacterium. It was discovered that some of these species generate
distinctive substances, such as salinosporamides, which are now being tested in
clinical settings as effective anticancer treatments (Feling et al., 2003). The
actinomycetes generate stable, persistent populations in a variety of marine
habitats (Das et al, 2006) and are active members of marine microbial
communities (Jensen et al., 2005, Jensen et al.,2005). The ability of indigenous
marine actinomycetes to form stable populations in various habitats and
produce novel compounds with a variety of biological activities (Fenical and
Jensen, 2006), as well as the discovery of several new marine actinomycete

taxa with unique metabolic activity in their natural environments (Magarvey et
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al., 2004, Jensen et al., 2005, Lam, 2006, Prudhomme et al., 2008).
Role of Actinomycetes in marine environment:

In addition to producing antibiotics, actinomycetes have a significant
role in the marine environment (Das et al., 2006). Multiple microbes operate as
intermediaries in the ongoing degradation and turnover of different
compounds (Jensen et al., 2005; Lam, 2006). According to a theory put up by
Ramesh and Mathivanan (2009), the presence or absence of a certain enzyme-
producing microbe may be a good indicator of the amount of natural substrate
present and the environmental circumstances. Chandramohan et al., (1972)
identified the marine actinomycetes' cellulolytic activity; Pisano et al., (1992)
reported actinomycetes' chitinolytic activity; and Ramesh and Mathivanan
(2009) reported many actinomycetes that produce key commercial enzymes.
According to Goodfellow and Haynes (1984), actinomycetes also aid in the
oxidation and recycling of organic molecules. They also significantly contribute
to the mineralization of organic matter, the immobilisation of mineral
nutrients, the fixation of nitrogen, the enhancement of physical characteristics,
and the preservation of the environment (Goodfellow and Williams 1983).
Secondary metabolites produced by microorganisms are a significant source of
antibiotics used today to fight drug-resistant diseases. Actinobacteria are only

one of the microbes that create these significant secondary metabolites.
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Tablel: List of bioactive compounds, producers, source of isolation and

screening for their bioactivity isolated from aquatic and marine Actinobacteria.

Bioactive
Compound
Lynamicins,
spiroindimicins

Anandins

Paulomycin G

Rifamycin B

Violapyrone B

Producer

Streptomyces sp.

Streptomyces

anandii

Micromonospora

matsumotoense

Salinispora sp.

Streptomyces

somaliensis

Chemical
Group

Bisindole
pyrrole

Steroidal
Alkaloids

Paulomycin

derivatives

Polyketides

a-pyrone

Bioactivity

Anti-bacterial

cytotoxic

Anti-tumor

properties

Anti-bacterial

Anti-bacterial

Source of Isolation

Deep sea marine
sediment

Marine  sediments
from

mangrove zone

Deep sea marine
sediment

Sediment

Deep sea marine
sediment

Table2: List of important producers of antibiotics isolated from marine

Actinobacteria.
Producer Antibiotic
Nocardia Cephamycin C
lactamdurans
S. aureofaciens Chlortetracycline
S. rodeosporus Daptomycin
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Micromonospora Fortimicin
olivasterospora

Micromonospora Gentamycin
Spp

S. kanamyceticus Kanamycin
S. fradiae Neomycin
Nocardia Nocardicin
uniformis

S. neveus Novobiocin

According to the World Health Organisation (WHO), antibiotic resistance is
presently one of the major dangers to development, food security, and global
health. Therefore, it is critically necessary for the globe to discover new
antibiotics and modify how they are used in order to lessen this danger.

One of the most devastating illnesses, cancer has a major negative impact on
people's health. For the treatment of cancer, a variety of therapeutic
approaches are available, including immunotherapy, surgery, radiation,
chemotherapy, etc. (Gillet et al, 2007). Furthermore, the emergence of
chemotherapeutic resistance has grown to be a significant medical issue.

Therefore, it is vital to identify potential actinomycete anticancer drugs that
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might replace chemotherapy. Arenicolides from Salinispora arenicola against

the human colon adenocarcinoma cell line and lajollamycin from Streptomyces

nodosus against the murine melanoma cell line are only two examples of the
anticancer drugs that have been identified from actinomycetes.

Conclusions:

The marine ecology is a fantastic resource for isolating important
actinomycete species. An attempt should be made to investigate marine
actinomycetes as a source of new secondary metabolites since they have
developed with the highest genomic and metabolic diversity, especially
actinomycetes. New antibiotics and chemotherapeutic drugs with high activity,
low toxicity, and minimal environmental impact are in high demand
worldwide. Actinobacteria have been isolated from a variety of habitats,
including deep sea sediments, marine sponges, alkaline soil, and numerous
medicinal plants from the terrestrial and rhizosphere environments.
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“Creation is compared to both- mother and father and their love for a child are
like pure air which is priceless in the world”.

Parenting is a lovable task and considers children are the boon of parents. The
parent thinks their children will care for them when they become old. The very
question is whether they are caring for them or not. Still, some of the children
take care of their parents and only a few leave them abundantly. Like Hagar
Shipley, the most abundant parents are in old-age homes.

The Drover’s Wife is an Australian short story written by Henry Lawson. The
story has no name and she is simply called as Drover. In the absence of Drover,
her husband, she takes care of their children. When the snake enters the
thatched hut, it hides nearby the firewood. Her elder son Jacky, the sharp-faced
boy of eleven full of excitement, tells his mother that he will kill the snake but
his mother advises him not to take the risk. She is the one, who wakes up all
night to save guard her children. She herself brings the two boys and two girls
to a large, table to sleep them. She gives a little amount of supper and makes a
bed to sleep in. She serves as the best mother who concerns about her children
in a terrible situation in a bush garden. Seeing his mother’s uncanny situation,
the youngest Tommy says that he will wake up all night to kill the snake by
smashing its head. Learning about her two sons’ braveness she feels proud.

Even though Tommy is more courageous, his mother warns him not to go
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nearby the firewood. The reason is that Tommy’s mother and her brother-in-
law died because of a snake bite nearby the bush. The family’s poverty is best
shown when Jacky complains to his mother that there is no place to sleep
freely. Drover’s wife clears the kitchen table and makes the children sleep on it.
At the time of midnight, the children all are asleep and she sits there next to her
sleeping children, she does sewing and knitting work. She often overcomes her
boredom life by reading old magazines. By seeing Drover’s wife’s reading habit,
readers come to know that she is an educated woman. She glances from time
to time around the floor, if she hears any noise from the woods; she takes her
stick to beat the snake. Her dog Alligator lies at full length on the floor it sees a
black brute, five feet long snake when it awakes all night sleeplessly. Alligator is
more like another son of the family who helps Drover’s wife to kill the snake at
the end of the story. When Drover’s wife sees the snake come out of the wood
heap, she along with Alligator beats well the snake to safeguard her children
when her husband is away.

The novel Disgrace aptly agrees with the saying that it is the children who
suffer because of bad deeds done by their parents. Lucy, the daughter of David
Lurie, Professor of Communication teaches at Cape Town University. Lucy is
raped by the three black men when David is out. They raped Lucy, because of

his father who has a sexual desire with many women. David is thrown out of
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University because he is having a sexual relationship with his student Melaine
Isaacs. Issacs’s boyfriend complains against David who asks Issacs to give
internal marks when she has a sexual relationship with him. Secondly, David is
having an illegal affair with a prostitute named Soraya. On seeing David’s
behaviour his daughter Lucy asks her father do you ever feel and try to
penance the crimes of the past as the reason for their present sufferings. Lucy
does not want his father to change. She is damn sure that nobody asks David to
change his vulgar behavior towards women. In Virginia Woolf's novel To the
Lighthouse, it is Mrs. Ramsay’s remarks to her husband Mr. Ramsay do you ever
try to ask or make a letter about the goodness of your wife and children? She
further asks angrily do you remember we were married a few years ago? She
adds that if a child goes to the dreary sea waves what will happen? All the
above-said questions are raised by Mrs. Ramsay and it shows her concern for
her eight children. James, the son of Mr. and Mrs. Ramsay wants his heart to
have a boating ride nearby the lighthouse sea. But his father would not like his
son to have a ride due to bad weather, later his mother takes her children and
friends to see the lighthouse.

Charles Dickens’s greatest autobiographical novel Oliver Twist, in which Oliver,
the orphan boy finds uncanny about life throughout the novel. Due to hungry

Oliver cried and he begs his warden that he wants some more gruel. On using

165 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

Oliver’s innocent nature, many people mislead him. After a few months, Oliver
was the victim of gang robbery and treachery. He is caught up by the robbers
and burglars gang and finally, Mr. Brownlow saves him and comes to know that
he is Monk and earns half of the property. An Indian writer T. S. Pillai’s
translation work The Scavenger’s Son, where a parent scavenger struggles a lot
to educate his son well. He does not want his son to work in the toilets. He loves
his son much and admires his son who goes to school to have an education.

Badal Sircar an Indian dramatist and his famous work is The Life of Bagala. As
a parentless child, Bagala suffers from his aunt’s ill-treatment. Though Bagala is
a full bright scholar, he is afraid of an interview, which is made possible which
the help of Nila, the supernatural character. When he gains the confidence to
face the interview and gets a good job, he comes to see his aunt and uncle who
tortures him at a young age. They do not allow him to read for his exams. They
will give some household jobs like going to tailor shops and markets. His aunt
sends him to buy fish from the market after the scales have been removed. He
is not used to such kinds of household jobs he brings home to fish with scales.
His aunt scolds him and asks why didn’t tell the fishmonger to remove the
scales of the fish. He answers that he said to him but the fishmonger has
refused to cut the scales of the fish. His aunt does not agree with the answers of

Bagala.
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Bagala has to take care of his aunt’s child in his leisure time. One day he visits
his aunt and uncle’s house with a huge amount and throws the huge rupees at
their faces. Sircar’s drama highlights the unemployment issues of an educated
young man who attempts suicide. Bagala goes to the train track to kill himself
and is finally saved by an old man who introduces Nila, the supernatural
character to give motivation to Bagala.

In an interview, Sudha Murthy, a well-known speaker and also an author of
many books, speaks about her son who is grown up under her great guidance.
Her son develops the habit of small savings at a very young age. He helps the
soldiers in an Indian army.

Bagala: Didn’t I tell you to buy from the market after the scales have been taken
off? Won't you ever remember?

Bagala: I did remember, aunt.

Aunt: Well. If you did, why didn’t you tell the fishmonger?

Bagala: Told him, aunt. But he refused.

Aunt: Refused? He does it for everyone. Why not for you then? Why don’t you
say you forgot? Why tell stories?

Bagala: No aunt. It’s true. He said.... taking off scales from fish weighing 250
grams...

Aunt (harsh tone): What did you say?
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Bagala (weak voice): Not I. The fishmonger... (57)

In the Mexcian novel Like Water for Chocolate, Tita, the youngest woman of the
three girls in her family is to take care of her sick mother who is on a deathbed.
It is the tradition of their family that the youngest woman has to scarify her life.
Tita would not have to marry anybody, but Tita woes Pedro, a young man.
Because of Tita’s family tradition, her lover Pedro marries her own sister
Elizabeth. Pedro and Elizabeth live happily but Pedro corners Tita and wants to
have a sexual relationship with her. Tita never allows Pedro to be wrong to her.
She is very loyal to her sister Elizabeth. When Elizabeth gives birth to a boy
baby, it is Tita who nurtures the child well, after Elizabeth goes to her in-law’s
house, she does not feed the child properly and the baby dies pathetically. The
child dies it is because of Elizabeth’s loss of consciousness towards the
newborn baby.

In Chimamanda Adichie’s Purple Hibiscus, Kambili, the protagonist of the novel,
and her brother Jaja suffers from her father Eugene’s strict parenting. At the
very beginning of the novel Jaga breaks figurines from the shelf. He never tells
sorry to his father instead Kambili asks for his father’s forgiveness for Jaja. He
gives severe punishments to his children. For illustration, he pours hot water
on the legs of her daughter Kambili when she gets the second rank in the

school. Even Jaja dislikes his father for this reason and he disobeys his father
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and he does not go to the church often to attend regular Mass. His father does
not know the truth about why Jaja has behaved rudely towards him. He gives
an example from the Holy Bible that Jesus Christ has been murdered to save the
world. Christ saves man and he takes up every sin of the world.

Kambili calls her father affectionately as ‘Papa’ and Jaja does not. Jaja knows his
father’s ill-legal business and silently gives poison to his father to die. Someone
calls over phone Jaja picks up the call and hears the news of the death of his
father. He informs his mother about his father’s death. She does not believe the
fact that her husband died. She says that she never considers the possibility of
her husband’s death very early. At the death of Jaja’s father the family lives
peacefully from all kinds of violence. Papa acts like a good father when he
learns that Kambili is infatuated with the young priest at his sister’s house. He
brings Kambili home and locked her in a room. Kambili becomes disappointed
by her father’s behavior towards her. She thinks that her father will approve of
her love.

After seeing the strict father’s domestic violence towards their children here is
a good father relationship and son’s relationship in Chinua Achebe’s Things Fall
Apart. The adopted son Ikemefuna has a close relationship and affection
towards Okonkwo, the village headman. Okonkwo shows his real affection for

[kemefuna till his death. Here is a scene where Ikemefuna cries to save his life.
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But getting approval from the village Umfia’s people, Okonkwo raises his
machete and cuts the head of Ikemefuna. The innocent son dies without the
reason of his murder. He strongly believes his father will save him from his
danger. Okonkwo’s daughter finds Ikemefuna’s absence and asks her father
about him. His father replies that he went to meet his relatives in his village. In
Chinua Achebe’s Things Fall Apart, lkemefuna likes to call his murderer a
‘father’ when he cuts the head of a boy with an axe.

As the man who cleared his throat drew up and raised his machete, Okonkwo
looked away. He heard the blow. The pot fell and broke in the sand. He heard
Ikemefuna cry, “My father, they have killed me!” as he ran towards him. Dazed
with fear, Okonkwo drew his machete and cut him down. He was afraid of
being weak. (43)

Okonkwo has three wives and eight children. Eugene’s daughter likes
Ikemefuna very much. She considers him as her own brother because he used
to tell many stories to her. Okonkwo personally likes Ifemefuna too but decides
to kill him because of the people. Even Eugene feels Ifemefuna’s absence.
Okonkwo would not able to digest his own son who converts to Christianity.
Toward the end, Okonkwo is never supported by his own people. He hangs
himself pathetically because he does not want to die at the hands of the British

people. Like Okonkwo, Bhoma in Sircar’s play, never gets support from his own
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people. Bhoma is a peasant protestor who fights for the welfare of farmers and
land rights.

Beloved is one of the most powerful novels written by Toni Morrison. It is the
story of a Black slave woman, Margaret Garner. It is believed the fact that
Garner escaped from the plantation with her husband and children to save
them in the year 1856. In her life-saving battle, she killed her young daughter
to prevent her from slavery. In the novel Seth, the African woman, has two sons
and two daughters. On being the fear of White dominance she murders her
third child Beloved. Seth’s two sons are Howard and Buglar and her daughter is
Denver. Seth believes that her murdered daughter Beloved is alive and she
often appears in the form of ghost. Denver likes her sister Beloved and believes
that she does not die.

Riders to the Sea is a one-act play by J.M.Synge. Maurya is the mother of five
sons and two daughters- Nora and Cathleen. Maurya, the poor mother does not
want his sons to go to sea to catch a fish. She warns that the tidal waves are not
good. In spite of her warning, her sons go to sea and died. Maurya was
psychologically affected when her son Micheal died. She assumes that Micheal
comes in by the horse, but her two daughters console Maurya that Micheal has
a clean burial. Parenthood is a famous drama written by Jason Katims. The play

tells about Braverman family. Their family struggled to raise their four children
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and their family named Adam, Sarah, Crosby, and Julia in California.

Bhabani Bhattacharya’s novel So Many Hungers discusses Rahuol, the son of
Samerandra giving importance to a boy baby rather than a girl child.
Samerandra thinks that if it is a girl baby, a dowry has to be given when she
gets married. Rahuol follows Samerandra, his father, and demands to have a
boy baby. Kunal, the brother of Rahuol, is a patriot who loves to serve the
Nation. He eagerly shares the news of the birth of a girl child and asks Monju,
for good health and care. Maya Angelo’s I Know Why the Caged Birds Sings is an
autobiographical work. In her work, she reveals the truth boldly that how
children without their parent’s care are molested by their neighbours and
relatives. Maya Angelo is a victim of sexual abuse. To give awareness she writes
Literature to give voice to the voiceless women. Maya'’s parents divorced when
she is three years old. She and her brother live with their paternal grandmother
Annie Henderson. As a young child, Maya and her older brother were
abandoned by their parents. Like many children, she herself faced a lot of
sexual harassment at a young age. The novel Rabbit-Proof Fence is another true
story that tells how parents are hiding their children in order to prevent them
from being taken by the enemies in order to sell them at the white man’s house.
The object “Fence” is an important landmark in the life of Molly, the central

character.
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The Metamorphosis, Franz Kafka’'s famous novella Gregor Samsa, the middle-
class salesman of a company. Gregor Samsa wakes up in one morning gets
transformed into a huge bug. Magical realism and absurdity is the theme of the
novella. Gregor Samsa’s parents are not worried about him, their ultimate goal
is to earn money. His parents are quite satisfied with Samsa’s salary amount.
Samsa longs for parent’s love and care. He is little bit happy because of his
sister who takes care of him. With the little pay amount of Samsa, he sends his
sister to learn violin music. When Samsa has no job, his family does not care
him. He lacks love and emotion. His sister is very affectionate to him.

Because of the tedious work, and life’s meaninglessness, he gets transformed
into a huge bug. Here in this novella, parents’ love becomes commercial.
Samsa’s parents throw out him into a dungeon when they learned that their
son is transformed into a huge bug. His strict father beats him with an apple. He
breaks his leg and gets some injuries over his body. With the body ache, he
escapes to save his life. He thinks that his only relationship is with his sister. He
finds some peace in his heart when he accompanies her sister. When the clock
strikes three in the morning the bug Samsa breathes his last breath.

His father beats Samsa and breaks his leg, Samsa runs to hide himself to
safeguard his life. His sister often comes to meet Samsa, she gives him some

food scraps and pours milk on his plate. His boss comes to meet Samsa and
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becomes faint on seeing the huge bug. On seeing Gregor Samsa, the house
owner asks the family to move away from the flat. This creates more irritation
for Samsa’s parents. Samsa (huge bug) dies on the other day pathetically
because of the wound made by his father. Nobody cares for Samsa’s death
except his sister and his parents are doing their work without giving a proper
burial to Samsa.

Thus, to sum up, behavioural patterns can be shaped well at a young age. It is in
the concerned parent’s hands. Changing lifestyle, surroundings, and culture is
the main reason for the change of behaviour of a child. Moral and Value

Education can inculcate ethical values to young minds.
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Abstract

Azadirachta indica A. Juss., (neem), which is native to India, is globally well
known for its medicinal properties. Neem products are known to have
antibacterial, antifungal, insecticidal and other versatile biological activities.
Since times immemorial, neem plant has been used for the treatment of several
human ailments. Plants provide an important biological niche for the growth of
a wide variety of microorganisms and neem plant is no exception to this. Many
endophytes and rhizosphere microorganisms with numerous biological
properties and functions have been reported associated with neem. Endophytic
microbes are the storehouse of new bioactive metabolites, possessing a wide
variety of biological activities as antibiotic, antiviral, anticancer, anti-
inflammatory, antioxidant, etc. The rhizosphere, the narrow zone surrounding
and influenced by plant roots, is a hot spot for numerous microorganisms with
multifarious bioactivities.

Key words: Neem, Azadirachta indica, microbiota, endophytes, bioprospecting,
rhizosphere microorganisms

Introduction

Azadirachta indica A. Juss., commonly known as neem, is a tree that grows in
tropical regions such as India. Neem has been extensively used in Ayurveda,

Unani and Homoeopathic medicine. All parts of the neem tree- leaves, flowers,
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seeds, fruits, roots and bark have been used traditionally for the treatment of
inflammation, infections, fever, skin diseases and dental disorders. Its role as
health-promoting component is attributed to it rich source of phytochemicals
(Girish and Shankara Bhat, 2008).

Endophytes constitute plant-colonizing microorganisms in a mutualistic
symbiosis relationship. They live in apparently healthy internal plant tissues,
without causing disease (Schulz and Boyle, 2006). Endophytes are found in
plants of most ecosystems and are of importance since they help to improve
yields, by stimulating plants growth and immune response, excluding plant
pathogens by niche competition, as well as actively participating in antioxidant
activities (Pandey et al., 2018).

The root and its surrounding region or rhizosphere is a novel ecosystem
which is the harbor of wide variety of microorganisms including
bacteria, fungi, algae etc. (Prashar et al., 2014). The rhizospheric microbial
population has immense role in agriculture and crop improvement. Many
studies have reported that these rhizosphere microorganisms can have
profound effects on seed germination, seedling vigor, plant growth and
development, nutrition, diseases, and productivity (Rodrigo Mendes et al.,
2013).

Endophytic bacteria from Azadirachta indica
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Among plant microbiota, endophytic bacteria can be found in most plant
species and be recovered from roots, leaves, stems, and a few from flowers,
fruits, and seeds (Lodewyckx et al, 2002). Many studies have emphasized
endophytic bacteria from neem plant and their application in different areas

Verma et al. (2009) isolated 55 different isolates of endophytic actinomycetes
from neem plant. They reported Streptomyces to be the dominant species
followed by  Streptosporangium,  Microbispora,  Streptoverticillium,
Saccharomonospora sp., and Nocardia. Actinomycetes were recovered more
from roots (54.5%), followed by stems (23.6%), and leaves (21.8%). A
Streptomyces strain was isolated from the neem. The isolate was closely related
to the type strain of Streptomyces plicatus sharing a 16S rRNA gene sequence
similarity of 96% and this new strain was named as Streptomyces sp.
mrinalini7 (Singh and Padmavathy, 2014). Seven novel endophytic bacterial
species viz., Bacillus amyloliquefaciens (JNU-001), Burkholderia denitrificans
(JNU-002), Pseudomonas aeruginosa (JNU-003), Xanthomonas campestris (JNU-
004), Azotobacter tropicalis (JNU-005), Acetobacter xylinum (JNU-006) and
Azospirillum lipoferum (JNU-007) were recovered from native neem varieties of
Rajasthan state, India. Among these endophytic bacterial isolates obtained,
Bacillus amyloliquefaciens (JNU-001) was dominant (Tiwari and Thakur, 2014).

An actinomycetes strain was isolated from neem leaves and named as NEK5
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(Vijayan et al., 2014). Endophytic actinomycetes were isolated from healthy
leaves, stem and root samples of A. indica, with highest species richness.
Streptomyces species was the predominant actinomycetes isolated, while other
actinomycetes isolated were Kocuria, @ Microbispora, = Micrococcus,
Micromonospora, and Timonella (Gohain et al, 2015). The endophytic
Streptomyces coelicolor strain AZRA 37 was isolated from the surface sterilized
root of neem plant (Kumar et al., 2016). An actinomycete closely related to
Micromonospora costi and Micromonospora avicenniae (98.75% similarity in
16S rRNA gene sequences) was isolated from the roots of neem and was named
Micromonospora azadirachtae sp. nov. (Kuncharoen et al, 2019). Seven
endophytic bacterial strains (6 Gram positive and 1 Gram-negative bacteria)
were isolated from 12 neem samples collected in Phan Thiet and Lagi (Binh
Thuan province), Vung Tau (Ba Ria - Vung Tau province), Vietham (Linh et al,
2020).

Bioprospecting of neem endophytic bacteria

Endophytes are a source of large number of bioactive secondary metabolites
with unique structures including alkaloids, benzopyranones, flavonoids,
phenolic acids, quinines, steroids, terpenoids, tetralones, xanthones and others
(Tan and Zou, 2001). Such bioactive metabolites find wide range of applications

such as agrochemicals, antibiotics, immunosuppressants, antiparasitic,
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antioxidant and anticancer agents (Gunatilika, 2006). The bioactive compounds
found in the host plant tissues might be due to the associated endophytes. A
few reports in the recent years show that the endophytic bacteria from A.
indica produce bioactive compounds (Verma et al., 2011b; Arun Kumar et al.
2015).

Antimicrobial activity:

Actinomycetes isolated from neem plant were screened for their antibacterial
and antifungal activities. Streptomyces had acute activity against Pseudomonas
fluorescens and Escherichia coli, while an isolate of Nocardia sp., from leaves
showed antagonism against Bacillus subtilis. A few isolates of Streptomyces,
Nocardia sp., and Streptosporangium sp., also showed significant antagonistic
activity against root pathogens, including Pythium sp., and Phytophthora sp.
(Verma et al., 2009). Endophytic actinomycetes species isolated from neem
effectively inhibited the growth of the Alternaria alternata causing early blight
disease in tomato (Verma et al., 2011).

Actinomycetes strain NEKS5 isolated from neem leaves showed good antifungal
activity. The ethyl acetate extract of culture filtrate of NEK5 isolate inhibited
the growth of Fusarium sp., Pythium sp., Curvularia sp. and Cercospora sp.
(Vijayan et al., 2014). Methanol and ethanol extracts of endophytic bacterial

(Bacillus cereus NRL2) cells isolated from neem were screened for antibacterial
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activity by agar well diffusion assay. Methanol and ethanol extracts showed
significant antibacterial activity against S. aureus with IZ of 33 mm and 29 mm,
respectively. Four major compounds having antimicrobial activity were
obtained from this bacteria such as Pyrrolo[1,2-a]pyrazine-1,4-dione,
hexahydro-, Methyl-2-0O-methylal-arabinopyranoside, Propionylfilicinic acid
and Benzene carboxylic acid (Arun Kumar et al. 2015).

The crude extract from Streptomyces species isolated from neem, grown in
Casein-starch peptone-yeast (CSPY) broth, showed significant inhibition of
bacteria Pseudomonas syringae (MTCC 673) and S. aureus (MTCC 96), and fungi
C. albicans (MTCC 3017), and Rhizoctonia solani (MTCC 4634) (Gohain et al,
2015). The Streptomyces coelicolor was treated with different concentrations of
5-azacytidine and evaluated for its antibacterial potential against five human
pathogenic bacteria (Aeromonas hydrophila IMS/GN11, Enterococcus faecalis
IMS/GN7, Salmonella typhi MTCC 3216, Shigella flexneri ATCC 12022 and S.
aureus ATCC 25923. The crude extract obtained from cultures treated with 25
UM concentration of 5-azacytidine, was found effective against all the five

pathogenic bacteria tested (Kumar et al., 2016).

A total of 25 endophytic bacterial isolates were obtained from neem fresh and

healthy leaves. Maximum isolates were Gram-positive and rod shaped. In disk
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diffusion assay using culture broth of endophytic bacteria, significant
antibacterial activity was observed against Bacillus cereus, E. coli, Klebsiella
pneumoniae, S. aureus, Salmonella typhimurium, and Streptococcus pyogenes.
Out of 25 isolates 2 isolates were effective against B. cereus, 23 against E. coli,
22 against K. pneumoniae, 20 against S. aureus, 22 against S. typhimurium, and
21 against S. pyogenes (Singh et al., 2017). A total of 80 bacterial endophytes
were isolated from various parts of neem plant such as leaf, flower, seed, bark,
cortex and root using novel neem-based media. Out of them, only three
bacterial isolates showed antifungal potential by inhibiting the growth of
Magnaporthe oryzae causing blast of rice (Agasimundin et al., 2019).

Antifungal and antibacterial activities of endophytic bacteria from A. indica
were studied by well diffusion agar method. KT2 strain inhibited Salmonella
typhi and Staphylococcus aureus, KT3 strain showed inhibitory activity against
three human pathogenic fungi such as Candida albicans, Trichophyton
mentagrophytes, and Trichophyton rubrum, while KT1 and KT2 strains showed
antifungal activity against C. albicans and T. rubrum. By biochemical tests, KT2
strain was identified as the Bacillus subtilis (Linh et al., 2020).

Other activities:

Endophytic actinomycetes species isolated from A. indica, significantly

improved the growth of tomato plant by producing the phytohormone indole
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acetic acid (IAA) and siderophores. Streptomyces strain AzR-051 produced the
highest amount of IAA at 13.73 pmol / ml, compared to strains AzR-049 and
AzR-010 that produced 9.22 pmol / ml and 10.43 pmol / ml respectively. The
Streptomyces strain also produced siderophores (Verma et al., 2011). The
Streptomyces sp. mrinalini7 isolate when inoculated into model tomato plants
significantly enhanced the biomass production of the plant and seed
germination (Singh and Padmavathy, 2014).

Rhizosphere Microorganisms of Neem

The rhizosphere is a narrow zone adjacent to and influenced by living plant
roots (Kennedy, 1999). It is a site of high microbial activity in and around roots
in soil (Sorenson, 1997). It harbors a great diversity of microorganisms
affecting plant growth and health (Campbell and Greaves, 1990; Boehm et al.,
1993). The diversity and composition of microbial taxa in the rhizosphere can
be affected by several factors including plant species (Miller et al., 1989). The
composition of microbial community in the rhizosphere is important for the
performances of the plant, as microbial species can have beneficial, neutral or
harmful relationships with the roots (Buchenauer, 1998; Atkinson and Watson,
2000; Sylvia and Chellemi, 2001). Microorganisms in the rhizosphere are found
to be more in population and are having high metabolic rate than in non

rhizosphere soil (Tamilarasi et al., 2008). There are many reports of neem
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rhizosphere microorganisms and their associated bioactivities.

Field investigation was carried out to determine the arbuscular mycorrhizal
fungi (AM) population and their diversity in neem-based agroforestry fields.
Glomus, Gigaspora and Sclerocystis were the genera of AM present in the neem-
based agroforestry system. Among the three genera, Glomus occurred most
frequently with 15 species, three species were of Gigaspora and two were of
Sclerocystis. Glomus fasciculatum was the predominant AM fungus infecting
neem (Pande and Tarafdar, 2004). Arbuscular mycorrhizal (AM) fungi are
recognized as an essential component of sustainable agricultural ecosystems
(Jefferies, 1987; Barea, 1991).

Rhizosphere microflora of medicinal plants including A. indica was estimated.
The total number of heterotrophic bacteria in the neem rhizosphere was 41 x
10% cfu / g, actinomycetes population was 17 x 102 cfu / g and fungal
population was 18 x 102 cfu / g. The predominant bacterial genus was Bacillus
followed by Pseudomonas, Enterobacter, Corynebacterium, Micrococcus and
Serratia. Among the fungus the most dominant genus was Rhizopus followed by
Aspergillus, Penicillium, Mucor and Fusarium. Among the actinomycetes,
isolates of Streptomyces was found to be maximum followed by Frankia sp.

(Tamilarasi et al., 2008).
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Both Vesicular-arbuscular mycorrhizal fungi (VAM) and soil fungal diversity
and frequency were studied in the neem rhizosphere from five
ecogeographically different regions. Mycofloral diversity included Aspergillus
niger, A. flavus, A. nidulans, A. versicolor, A. fumigatus, Alternaria tenuis, A.
alternata, Cladosporium sp., Cephalospora sp., C. albicans, Fusarium oxysporum,
Pestalotia monorhinca, Paecilomyces, Monilia sitophila, Nigrospora oryzae and
Rhizopus nigricans. Saline-arid-parched soil exhibited three unique fungal
species namely, Monilia sitophila, Aspergillus versicolor and Paecilomyces
fusisporus, whereas, the delta-wet region exhibited Rhizopus nigricans as its
unique species. Overall, in the five regions studied, three VAM genera with nine
species were observed, with Glomus being the predominant genus viz.,, Glomus
mosseae, Glomus microcarpum, Glomus macrocarpum, Glomus constrictum,
Glomus fasciculatum, Glomus multisubstance, Glomus deserticola, Gigaspora
albida, Gigaspora margarita and Acaulospora sp. (Chary, 2011).

Phosphate solubilizing bacteria (PSB) isolates namely N-B (col-1) and N-C (col-
2), were isolated from neem rhizosphere (Shankarrao, 2012). Neem
rhizosphere soil can be a rich source for the isolation of phosphate solubilizing
microorganisms, due to high phosphate requirements of neem tree and other
medicinal plants (Phavaphutanon et al., 1996), or due to long term association

and interaction between neem root and microorganisms found in the
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rhizosphere environments (Lucas Garcia et al., 2001). The bacterial phosphate
solubilization activity is due to secretion of organic acids such as oxalic, citric,
formic, acetic, propionic, lactic, succinic and gluconic acid which chelate the
cation bound to phosphate and convert it to soluble forms through their
hydroxyl and carboxyl groups and production of acid /alkaline phosphatase
enzyme (Chen et al., 2006).

Rhizospheric bacteria were isolated from neem and identified as E. coli,
Lactobacillus fermentum, Micrococcus luteus, Neisseria sicca, Sporosarcina sp.,
Streptococcus sp. and Streptococcus faecalis (Pandey and Singh, 2013).
Phosphate-solubilizing rhizosphere fungus, Talaromyces funiculosus SLS8, was
isolated from neem (A. indica) on saline soil. The fungus was tolerant to
environmental stressors, salinity and agricultural systemic fungicides (Kanse et
al., 2015). The rhizosphere soil of neem showed maximum population density
of AM fungi, PSB, Azotobacter sp. and Azospirillum sp. (Maohan and Saranya
Devi, 2015). A total of 27 bacterial cultures were isolated from the neem
rhizosphere samples. Then three cultures were characterized and found to be
Micrococcus luteus, Sporosarcina sp. and Staphylococcus epidermidis (Mhatre
and Nanoty, 2015). Bacterial strains named RHSAN-1 to 6 were isolated from
neem rhizosphere of North 24 Parganas district of West Bengal (Biswas et al,

2016).
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A total of six morphologically different fungal isolates (NS1, NS2, NS3, NS4,
NS5, NS6) were isolated from the rhizospheric soil of neem and were identified
as Aspergillus sp. (NS1, NS3, NS4, and NS6), Fusarium sp. (NS2) and Penicillium
sp. (NS5) based on colony characterization (colony color, colony growth) and
sporulating structures. One isolate was subjected for molecular
characterization and found to be Aspergillus niger (Nisha Rani et al, 2017).
Arbuscular mycorrhizal fungi (AMF) species belonging to five genera (Glomus,
Acaulospora, Gigaspora, Sclerocystis and Scutellospora) were isolated from the
rhizosphere soil of A. indica. Glomus species was dominant followed by
Gigaspora and Acaulopsora (Anusha Duvva et al, 2018). Eleven bacterial
isolates that produced indole acetic acid (IAA) were obtained from the
rhizosphere of A. indica (Damle and Kulkarni, 2018). N:-fixing bacteria
Azotobacter paspali, Azotobacter vinelandii and Actinomycetes sp., were isolated
from the rhizosphere of neem (Hala and Ali, 2019).

Microorganisms are also intentionally introduced into the rhizosphere
environments to enhance certain agriculturally beneficial activities mainly
aiming at plant growth promotion (Tamilarasi et al., 2008). Inoculation of neem
rhizosphere with AM fungi (Habte et al, 1993; Phavaphutanon et al., 1996)
reduced fertilizer requirement in plant production. The effect of inoculation of

neem with VA-mycorrhizal fungi (Glomus fasciculatum) and PSB was examined
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under nursery conditions to understand the compatibility between phosphate
solubilizing and phosphate mobilizing organisms in the neem rhizosphere. The
results clearly indicated that combined inoculation markedly increased the
plant growth of the neem seedlings when compared to individual inoculants or
uninoculated control, showing the synergistic effect (Kalavathi et al., 2000).
Neem seedlings were inoculated with arbuscular mycorrhizal (AM) fungi,
Glomus intraradices, Azospirillum brasilense and PSB. Microbial inoculation
resulted in greater plant height, increased mycorrhizal colonization, leaf area
and number, root collar diameter, biomass, phosphorus, nitrogen and
potassium content, and seedling quality. Microbial inoculation effects were
greatest when seedlings were inoculated with a combination of microbes
rather than individually. This clearly indicated that these microorganisms act
synergistically (Muthukumar et al., 2001).

Bioprospecting of Rhizosphere Microorganisms

The isolates of bacteria, actinomycetes and fungi isolated from neem
rhizosphere were evaluated for IAA production. Among them 62.5% of fungal
isolates produced IAA followed by 52.17% of actinomycetes and 23.7% of
bacterial isolates (Tamilarasi et al., 2008). The microbial diversity of VAM and
soil fungi observed in neem rhizosphere could be correlated with the

azadirachtin-A content of the neem trees (Chary, 2011).
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PSB isolates from neem rhizosphere N-B (col-1), N-C (col-2) showed potent
antifungal activity against Helminthosporium gramineum and Rhizopus oryzae.
Isolate N-B (col-1) also showed good antifungal activity against Aspergillus
niger and Ustilago maydis. Comparitively, R. oryzae, H. gramineum, A. niger and
U. maydis showed more sensitiveness to tested isolates than Alternaria
brassicicola, A. solani and Sclerotium rolfsii. Both the isolates exhibited
maximum antibacterial activity against S. aureus, followed by Ps. aeruginosa
and S. typhimurium (Shankarrao, 2012). N-B (col-1) showed more than one
PGPR trait such as phosphate solubilization, antifungal and antibacterial
activity and phytohormone production. This isolate might promote plant
growth directly, indirectly or synergistically in the soil environment
(Shankarrao, 2012).

Rhizospheric bacteria isolated from neem were subjected for extraction of
intracellular secondary metabolites using methanol and extracellular
secondary metabolites using chloroform. These extracts exhibited significant
antibacterial activity against E. coli, Ps. aeruginosa and S. aureus. Sporosarcina
sp., M. luteus and N. sicca inhibited all the tree bacteria viz, E. coli (1Z 17.5, 12.5
and 13 mm), Ps. aeruginosa (21, 17.5 and 28.5 mm) and S. aureus (11.5, 13 and
27.5 mm) respectively. Streptococcus sp., and S. faecalis inhibited E. coli (36.5

and 17 mm) and S. aureus (11 and 10 mm) respectively. Lactobacillus
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fermentum inhibited only E. coli (13.5 mm) and rhizosphere E. coli inhibited
only Ps. aeruginosa (12.5 mm) (Pandey and Singh, 2013).

Phosphate solubilization under different nutritional conditions was
investigated by culturing T. funiculosus SLS8 in Pikovskaya liquid medium. The
highest concentration of solubilised phosphate (187 mg / 1) was achieved after
5 days of incubation in the medium with glucose and ammonium sulphate
(Kanse et al., 2015). The soil fungi have been reported to solubilize insoluble
phosphates by secreting weak organic acids (Maliha et al., 2004). Three
bacterial cultures M. luteus, Sporosarcina sp. and S. epidermis obtained from
neem rhizosphere were screened for antibacterial activity using culture broth
extract by agar well diffusion method. All the bacteria tested showed significant
antibacterial activity. M. luteus exhibited IZ of 14, 13 and 13 mm, Sporosarcina
sp. showed IZ of 16, 16.5 and 16 mm, and S. epidermis exhibited IZ of 14, 15 and
14 mm against E. coli, Ps. aeruginosa and S. aureus, respectively (Mhatre and
Nanoty, 2015).

The culture filtrates of three fungal strains NS1, NS4 (Aspergillus sp.) and NS5
(Penicillium sp.) isolated from neem rhizosphere were screened for
antibacterial activity by agar well diffusion assay. All the three isolates showed
significant antibacterial activity against E. coli MTCC 40 with IZ of 20.33, 14.66

and 17.0 mm, respectively. NS1 that showed the best activity was identified as
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A. niger and studied for optimization of fermentation conditions to maximize
antibiotic production. Process using glucose as carbon source, ammonium
nitrate as nitrogen source, at pH 5 and 25°C resulted in maximum yield of
antibiotic (Nisha Rani et al, 2017). Good amount of IAA was produced by
bacterial isolates obtained from neem rhizosphere. The range of IAA of the
isolates ranged from 10.425 to 43.404 pg/ ml. The highest amount of IAA was
produced by the isolate 6 (Damle and Kulkarni, 2018).

Conclusion

Endophytic bacteria of neem are an under-investigated group of
microorganisms that represent an abundant and renewable source of bioactive
and chemically new compounds with potential for exploitation in a wide
variety of fields including medicine, agriculture, and industry. The microbial
population of the rhizosphere of this plant also has not been studied so far in
detail. Further studies are required in this direction to explore and evaluate the
enormous microbial population in these ecosystems. Endophytic bacteria with
their peculiar potential compounds might provide a range of bioactive
compounds catering to the need of novel drugs. The rhizosphere isolates of
neem plant might have sufficient bioprospective potentiality like biofertilizer
formulations for better crop production as well as therapeutic drugs for human

diseases.
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Abstract

Soil based agriculture is currently experiencing problems, due to several
caused by humans factors, like industrialization and urbanisation. Scientists
have created a brand-new alternative cultivation method called hydroponics,
sometimes known as soilless cultivation. In a water-based, nutrient-rich
solution, plants are grown hydroponically. Many different kinds of plants, crops
and vegetables can be grown with hydroponics. This method of farming is
economical, free of disease, environmentally benign, and gaining appeal both in
developed and developing nations. Along with advanced space research, it
offers significant potential in many nations to fill the gap left by a lack of
suitable cultivable land.The present research aims to provide academics with
an overview of published publications on the subject of Hydroponics. As a
result, the evaluation looks at the countries, organisations and authors who are
most engaged in the field of study. Bibliometrix and VoS viewer software were
used to compile the documents downloaded from Web of Science Core
Collection from 2013 to 2022 and to identify the of greatest significance
networks. The findings showed that 2022 will see a large number of
publications in the growing field of hydroponic literature. 1729 documents
were released, with green sustainability being the most widely read of them all.

Collaboration among authors connected 98 Countries, with China having the
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most significant. In order to narrow the lack of skills between workers and
jobs, this research will be an essential tool for academics and policymakers in
developing well-designed and Dbetter-oriented continuous training
programmes.
Keywords :Scientometric, Hydroponics, Soil fertility, Nutrient rich solution,
Web of Science core collections
Introduction

Hydroponics is the practise of growing plants without the use of soil
(Savvas et.al,, 2017). In simple terms, hydroponics is the process of growing
plants in a variety of substrates (chemically inert), such as sand, gravel, or
liquid (water), without the use of soil. The term comes from the Greek words
"hydro" (water) and "ponos" (labour). (Savvas et.al, 2003; Douglas et.al,
1975). or Plants grown hydroponically have their roots submerged in fertiliser
solution without using any soil. (Maharana and Koul, 2011). Professor William
Gericke first used the term "hydroponics" in the early 1930s to refer to the
practise of growing plants with their roots suspended in nutrient-rich water.
France, the Netherlands, and Spain are the top three manufacturers in Europe,
which is thought to be the largest market for hydroponics. The United States
and the Asia-Pacific region are the next two largest markets. According to the

most recent research, these systems are growing more prevalent worldwide.
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(Jensen and Collins et.al, 1985), The hydroponics market is projected to
increase globally by 18.8% between 2017 and 2023, reaching USD 490.50
million.Growers contend that only hydroponic systems allow for continuous
production, meaning that plants may be grown everywhere, including in small
places with a controlled atmosphere throughout the year and during a short
growing season. (Hughes et.al, 2017). When asked about their better
productivity and yields, growers frequently respond that hydroponics always
frees them from the limitations of climatic and weather circumstances. (Sarah
et.al., 2017). Additionally, producers frequently said that the greater quality
of hydroponic produce was due to the highly controlled environment and more
uniform production that was possible without any water or nutrient loss.
Additionally, because hydroponics is not seasonal, its productivities are higher
and more consistent throughout the year (Okemwa et.al,, 2015). The fact that
hydroponic products don't require cultural operations like weeding, ploughing,
fertilising the soil, or rotating the crops, as well as being simpler and lighter
than conventional ones, is another common complaint from growers (Nguyen
et al., 2016). To prevent excessive salinization and to control microbiological
illnesses and pests to prevent any production losses, it is also essential and
effective to monitor nutritional solutions and daily measurements of liquid

nutrients (Barbosa et al., 2015). However, growers frequently counter that this
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method makes it possible to produce better food and reduces wastage. As the
most hydroponically cultivated crop in the world, lettuce is a good example of
how to reduce waste because 99% of the hydroponic leaves are still useful and
may be sold for a price that is around 40% higher than lettuce that is grown
conventionally (Barbosa et al., 2015). Additionally, because of their greater
average nutritional quality and consumer acceptance, fresh food grown
hydroponically has a better chance of being sold (Mehra et al., 2017). Growers
also stated that hydroponics avoids some of the drawbacks of conventional
agriculture, such as the excessive and inefficient use of water, the need for a lot
of land, the use of high quantities of nutrients and pesticides, and soil
degradation and erosive erosion (Treftz and Omaye, 2016; Horrigan et al,,
2002). Due to the strong and well-established inverse correlation between
vegetable consumption and the risk of numerous types of chronic and
degenerative diseases like cancer, cardiovascular disease, and neurological
disorders, consumers worldwide are becoming more and more interested in
having more fresh vegetables that are friendly to the environment (Kris et al,,
2002). The presence of health-promoting chemicals is now a crucial factor for
fruit and vegetable growers as a result of the growing customer interest.
Environmental elements (light, temperature, humidity, and atmospheric CO2)

can have an impact on these advantageous chemicals. Contrary to normal
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agriculture, hydroponics relies on the manipulation of nutrients, which,
according to many authors, enables having product with a large accumulation
of particular advantageous nutrients (Sgherri et al, 2010; Buchanan and
Omaye, 2013). Hydroponics is the cultivation methods of plants without any
soils. It is a type of horticulture and a subset of hydroculture that involves
growing plants, usually crops or medicinal plants, without soil, by using water-
based mineral nutrient solutions. The concept of hydroponics existed
thousands of years ago, with the earliest examples of Hanging Gardens of
Babylon and the Floating Gardens of China. It is not familiar in the modern
hydroponic systems did not thrive until the advent of the greenhouse and
plastics industries (Rijck, G, 1998). Hydroponics is the technique not only used
on Earth, but has also proven itself in plant production experiments in space.
Hydroponics have been applied successfully in developed countries and can be
very well deployed with simpler technologies in cities too with urban
agriculture (C.]J. Asher etal 2010).

The Scientometrics method is a prominent research tool that can
systematically represent the nature of specific scientific disciplines by
highlighting research hotspots and detecting research trends. The Web of
Science (WOS), maintained by Thomson Reuters, is considered one of the main

bibliographic sources of information. Our study accumulated extensive
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bibliometric data on this field from the Web of Science database, between 2013

to 2022, and conducted a scientometric analysis using VOSviewer for analyzing

the retrieved data. The leading journals, highly used keywords in the published

articles, authors and papers with the highest citations, and relevant regions

were all identifed in the scientometric analysis. Our scientometric findings can

help academics collaborate on research, form joint ventures, and implement

sophisticated technologies for implementing hydroponics.

Need of Agriculture without soil:

1.

Open Field Agriculture involves large space, lot of labour and large volume

of water.

. In metropolitan areas as the population is high, soil is not available for

crops growing at all,

. Scarcity of fertile cultivable aerable lands due to their unfavourable

geographical or topographical conditions.

Due to water scarcity and the texture of soil with loss of nutrients.

. Another serious problem experienced since is the difficulty to hire labour

for conventional open field agriculture (Wilbert Michael Rodriguez Ortega
etal., 2016).
Under such circumstances, soil-less culture ie., HYDROPONICS can be

introduced successfully.
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Hydroponics start-up

In India, Hydroponics was introduced in year 1946 by an English scientist, W. J.
ShaltoDuglas and he established a laboratory in Kalimpong area, West Bengal.
He has also written a book on Hydroponics, named as Hydroponics The Bengal
System. Later on during 1960s and 70s, commercial hydroponics farms were
developed in Abu Dhabi, Arizona, Belgium, California, Denmark, German,
Holland, Iran, Italy, Japan, Russian Federation and other countries. During
1980s, many automated and computerized hydroponics farms were
established around the world. Home hydroponics kits became popular during
1990s.

Types of plants grown through Hydroponics:

Plants commonly grown hydroponically include tomatoes, peppers, cucumbers,
strawberries, lettuces, and cannabis, usually for commercial use, as well as
Arabidopsis thaliana, which serves as a model organism in plant science and
genetics. Terrestrial or aquatic plants may grow with their roots exposed to the
nutritious liquid or in addition, the roots may be mechanically supported by an
inert medium such as perlite, gravel, or other substrates.

Tomato, pepper, cucumber, eggplant, strawberry, squash, root plants, such as
carrot, turnip or beet, tubers such as potato, and bulbs, for example onion, and

garlicplants.
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Such soilless culture systems could be implemented as an alternative to the

current field culture of saffron (Mollafilabi et al., 2013).

Fig. 1: Hydroponics practices of Farming

The advantages of soilless cultures in saffron production have been shown in
several studies. Souret and Weathers (2000) noted that saffron corms grown
hydroponically produced more flowers and leaves compared with corms
grown in soil. They indicated that hydroponics conditions not only did not
reduce saffron stigma production but also significantly increased the dry
weight of the corms and the concentrations of crocin and crocetin in the dried
stigmas.

Supply of Nutrients through Hydroponics:

Water culture such as NFT or DFT and substrate culture using some media such
as rock wool or coconut-coir are included in it. In soil culture, only N, P, and K,

the three major elements, are supplied to plant as fertilizer, and most of the
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other elements are absorbed from soil naturally. In hydroponics as it does not
contain soil, Sixteen minerals are supplied to grow the plant healthy. These
minerals are called essential elements. All plant factories can use hydroponic
systems, because of (a) Nine major elements C, H, O, N, P, K, Ca, Mg, and S, and
seven minor elements Fe, Cu, Zn, Mn, Mo, B, and Cl are needed to supply to
plants as fertilizer.

Desirable pH range of nutrient solutions:

In hydroponic systems, pH is constantly changing as the plant grows. Changes
in pH of less than 0.1 unit are not significant (Rodriguez-Delfin Alfredo et al,
2023). Thus pH control is a necessity in hydroponic solutions. The pH range of
5.5 to 6.5 is optimal for the availability of nutrients from most nutrient
solutions for most species, but species differ significantly and several can grow
well outside of this range.

Technicques implement in Hydroponics:

Mutrient Flow Technigue

i
e

Fig. 2 Nutrient Flow Technique method
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In a broad sense, the technique is solution culture include Circulating methods
(closed system)/ Continuous flow solution culture a) Nutrient film technique
(NFT) b) Deep flow technique (DFT). Flowing solution culture systems can
provide a consistent nutrient environment for roots. They are highly amenable
to automatic control but are subject to rapid plant desiccation if the flow of
solution stops for any reason. Thus frequent attention is required.

ii) Non-circulating method (open systems)/ Static solution culture a) Root

dipping technique b) Floating technique c) Capillary action technique.

Deep Flow Technigue

Ailr pump

Air stone

Fig. 3 : Deep Flow Technique

Suitable vessels for static systems include polythene beakers, pots, glass jar and
containers lined with black polythene film. B. Media culture. The media culture
method has a solid medium for the roots and is named for the type of inert
medium, e.g. sand culture, gravel culture or rock wool culture. There are two
main variations for each medium, sub-irrigation and top-irrigation. However, it
is classified as follows: 1. Hanging bag technique 2. Grow bag technique 3.

Trench or trough technique 4. Pot technique.
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Advantages of hydroponics:

X/
0’0

Hydroponics offers many advantages, notably a decrease in water usage

in agriculture.

4+ Case study: To grow 1 Kkilogram of tomatoes through intensive

L)

farming methods requires 214 litres of water; but using hydroponics 70

litres only required

Hydroponic cultures lead to highest biomass and protein production
compared to other growth substrates, of plants cultivated in the same
environmental conditions and supplied with equal amounts of nutrients.
In future people in harsh environments with little accessible water can
also grow their own plant-based food hydroponically.

automatic control of irrigation and fertilization,

saving labor,

keeping cultivation environment clean,

Enabling to make cultivation beds multilayer, and so on.{T.Wada, 2019)

It offers the potential for a larger variety of food, and it provides a
biological aspect, called a  bio-regenerative life  support

system(YouryPiiEtal, 2015).

Methodology [Variants] of hydroponic systems

The hydroponic cultures sustain with a nutrient solution to supply essential
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elements to the plant. The roots also need to supply steady amount of oxygen.
When roots become anoxic they are unable to take up and transport
metabolites to the rest of the plant body. Hydroponic systems can be classified
based on oxygen delivery and other nutrients to the roots.

Classical hydroponics First type: Delivery of oxygen by saturating the solution
with air, without submerging the roots at all times, Second type: By allowing
the roots to be completely exposed to the air. Alternatively, plants may also be
grown on inert media with the help of rockwool, vermiculite, or clay pellets and
subjected to wet-dry cycles by dripping solution through the media or
periodically submerging the substrate in the nutrient solution (Lee &Tatukura
et al 1995).

Preparation of Nutrient solutions for Hydroponic plant using Chemical
Equilibria:

For hydroponic saplings, chemistry is the fundamental to ensure adequate
nutrient supply plant uptake. To specify and preparing nutrient solutions,
multiple chemical equilibria must be taken into account. Either
solubilization/precipitation equilibria used in the preparation of salts or
concentrated liquid stocks, (De Rijck and Schrevens, 1998b). Temperature
roles a main factor in preparing the solutions and used it for the hydroponics

plants. This is particularly crucial for areas where the overwarming of the
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nutrient solution often occurs, impacting also at the physiological level of crops
(Lee and Takakura, 1995 - spinach; Fazlilllahi et al., 2017 - butterhead lettuce).

Precipitation reactions Cations and anions in aqueous solution combine
to form an insoluble ionic solid (the precipitate). Attaining the maximum limit
with the addition of cations and anions it reaches the Saturation level. The
concentrations of ions in equilibrium with the precipitate (i.e., solubility) can
be calculated using a specific equilibrium constant called solubility product,
which is tabulated for many chemical compounds and depends on temperature.
Besides temperature, precipitation equilibria can be also influenced by other
parameters such as pH and ionic strength*. *lonic strength: A parameter that
considers the sum of the concentrations of all the ionic compounds in solution and
their charge.  Cations may form insoluble hydroxides at alkaline pH by
combining with OH- anions or other insoluble precipitates by reacting with
other anionic nutrients; thus, they must be carefully balanced and optimized to
avoid losses from solution. In such cases, the values of pH and those of redox
potential (Eh) must be continuously monitored or controlled. In this regard, pH
values above 7 and positive Eh values may cause the precipitation of nutrients
like iron (Fe), zinc (Zn), copper (Cu), nickel (Ni), and manganese (Mn!) as
insoluble (hydroxides. Precipitation of Felll may occur already at pH well below

the neutrality (Takeno, 2005). At negative Eh values and acidic pH, e.g., in
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uncontrolled hydroponic systems under anoxic conditions, the same
elements might also precipitate as insoluble sulfides, when sulfateis reduced to
sulfide. At high pH values and high dissolved CO: concentrations,
macronutrients like Ca and magnesium (Mg) can precipitate as carbonates.
Precipitation of phosphates (mostly hydrogen phosphates) is another process
to avoid in hydroponic solutions. This process, besides depleting phosphorus
(P) from nutrient solution, may also reduce the solubility of other nutrients
such as Ca, Mg, Fe, and Mn!. It is known that phosphate availability can be
reduced at pH above 7 mostly due to precipitation with Ca. Different Ca-
phosphate minerals can potentially form above this pH such as hydroxylapatite
[Cas(P0O4)30H], amorphous tricalcium phosphate [Ca3(P0O4):], and
CasH(PO4)3:3H20 (Lee et al., 2017).

Alsosulfur (S) availability can be limited by precipitation with Ca, as Ca-sulfate
minerals (Packter, 1974). Silicon solubility is usually reduced at acidic pH,
where SiO; precipitates may  be produced (Takeno, 2005).
Precipitation/dissolution phenomena are often promoted by pH changes and
therefore pH must be continuously controlled or buffered. Addition of nutrients
in the form of salts to hydroponic solutions may lead to hydrolysis reactions,
which may result in the acidification or alkalinization of the medium. Nitrogen

(N) supply may also alter solution pH, if N is added only in the form of
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NOs - (alkalinization) or NH4 * (acidification) (Asher and Edwards, 1983). Yet,
both N forms are usually added to hydroponic solutions. In general, saturation
conditions for a certain nutrient could be reached if its concentration is
increased due to water evaporation from the hydroponic system (owing to high
temperatures or plant evapotranspiration). However, it has been recently
observed that water losses by 20% (or even more) do not significantly
influence precipitation equilibria (Tomasi et al., 2015a).

Preparation of Hydroponic Culture

In this case, polystyrene boxes were used to hold the medium which was coir
dust. Each box measured 50cm by 33cm by 9 cm where four plants were
expected from each of them. The nutrient solution was then prepared as per
the stated amount of mineral required in this experiment. This hydroponics
solution was then passed through the grown plants to enable them absorb the
nutrients. Random measurements of the parameters stated in this experiment
were done when the plants had reached 30, 37, and 45 years. Four plants were
picked randomly from both the hydroponics and soil culture for these
measurements to be taken. Also, the number of leaves in the plants taken for

the study was recorded.
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Root lengths, dry weights and root: shoot ratios

The root lengths of the plants grown in the hydroponics were slightly
higher than the lengths of the soil grown plants. These plants also had their
roots being more resistant to growth as the initial lengths of their roots were
close to that after the experiment. The hydroponically grown plants recorded
higher shoot dry weights as compared to those from the soil which had high
root dry weights. This is one of the best ways of determining the quality of the
harvest one should expect after the plants have grown to maturity. The
following is a set of data collected in this experiment. Mean root lengths, root
dry weights, shoot dry weights and shoot: root ratios of hydroponically grown

plants and soil grown plants.
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Fig.5 : Starting from Drip system to Hydroponics
Research Questions

Scholars and practitioners will be able to access an extensive review of the
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Hydroponic literature that has been published in the Web of Science core
collection as a result of this research. To do this, we shall solve the following
issues:

1. Which one literary works on hydroponics are the most significant and
inventive?

2. What are most probable areas for future research in the field of hydroponics?
Materials and Methods

The Web of Science (WoS) is the most widely used database in scientometric
and bibliometric research. The WoS core collection database, with index dates
covering the years 2013 to 2022, provided as the search's data source
downloaded from WoSon 04 May 2023.The search strategy was “Topic =
Hydrophonic” is shown in Figure 1. When we refined our search by Languages
and used the WoS database: (English and Articles only) Period: 2013 to 2022.
The outcome was discovered in 1729 peer-reviewed journal publications. All
the data were downloaded from the WoS Core Collection and imported into
the software for analysis. In this study, Microsoft Office Excel was used to
create a figure on annual research output, and the bibliomerix tool and
VOSviewer software were used to perform scientometric analysis. The
VOSviewer was used to identify the co-author’s countries, organizations, a co-

authorship network, and to cluster visualization of co-occurrence keyword
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analysis.

Selected data base (Web of Science Core Collection)

Data Sources
Literature data : Hydroponics (1729 records)
Retrieval date : 04 May 2023
Field identifier : Topic

Refined by
Time Space : 2013 to 2022
Language : English
Documents : Articles

Fig.6: Research Design in the Domain of Hydroponic
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Results and Analysis

Main Information regarding the hydroponics

The data collection of duration from 2013 to 2022 has been analysed. The
outputs from this analysed shown in Table 1 indicate that Time span is 10
years. 1729 documents are collected from Web of Science, 482 Sources, 4.43
Average years from publication, 13.74 Average citations per documents, 2.288
Average citations per year per document and 62104 references. Authors details
followed by 7111 authors, 9483 authors appearances, 26 Authors of single-
authored documents and 7085 authors of multi-authored documents. Authors
Collaboration as follows 26 S ingle-authored documents, 0.243 Documents per
Author, 4.11 Authors per Document, 5.48 Co-Authors per Documents and 4.16

Collaboration Index.

Table 1 Descriptive Analysis : Main Information regarding the
hydroponics
Description Results
Main Information about
Data
1 Timespan 2013:2022
2 Sources (Journals) 482
3 Documents 1729
4 Average years from 443
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publication

Average citations per

5 documents 13.74

Average citations per

6 year per doc 2.288

7 References 62104
Authors

1 Authors 7111

2 Author Appearances 9483
Authors of single-

3 authored documents 26
Authors of multi-

4 authored documents 7085

Authors Collaboration

Single-authored

1 documents 26

2 Documents per Author 0.243

3 Authors per Document 4.11
Co-Authors per

4 Documents 5.48

5 Collaboration Index 4.16

Annual Productivity
Table 2 observed that 1729 publications were recorded during the study

period. The publications trend shows a positive growth in the study period. The
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maximum number of productivity recorded during 2022 with 279 publications
and the minimum recorded in the year 2013 100 publication.

Table 2 Annual Productivity

Year Articles
2013 100
2014 105
2015 113
2016 137
2017 151
2018 159
2019 202
2020 227
2021 256
2022 279
1729

221 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

o 2 4 6 8 10
EEEEEEEEEEEE—————————————————————————————.— 10
2022 279
2021 259
s
2020
2019
e
2018
b
2017
> -4
2016
2015
-2
2014
2013
— ——1——————— 0
o 50 100 150 200 250 300

Articles

Fig. 7 : Author Productivity

Author Productivity through Lotka's Law

Lotka's law of scientific productivity has been applied to the collected dataset
and the results are indicated in Table 3. A total of 1729 authors published
articles between the fifty years of 2013 to 2022. Fig.3 depicts Lotka's Law,
which computes the frequency distribution of scientific productivity. Here,
Lotka's Law reveals that about 81.91% of the authors (5821 authors) have one
publication, and approximately 11.55% of the authors (821 authors) have two
publications. There are outliers, with very few authors with more than nine

publications.

Table 3 Frequency distribution of scientific productivity applied by

222 Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023)

Lotka’s Law

Proportion
Documents No. of of Authors
written Authors %
1 5821 81.91
2 821 11.55
3 232 3.26
4 93 1.31
5 57 0.80
6 32 0.45
7 22 0.31
8 16 0.23
9 5 0.08
10 5 0.08
11 1 0.01
12 1 0.01
s ———
o J.

No. of Authors
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Fig. 8 : Frequency distribution of scientific productivity applied by Lotka’s Law

Prolific of most Corresponding Author's Country

Table 4 and Fig.9 show the number of articles produced by the authors of

different countries and each country's authors' co-operation rate with other

countries' authors. For instance, authors of the China have produced 303

articles, but authorship co-authorship with other countries is about 79 papers.

Subsequently, the USA authors ranked second with 186 papers, and the

authorship rate for contributing articles to other authors with other countries

is 24 papers and India authors ranked third 141 papers and the other authors

with other countries 17 papers.

Table 4 Prolific of Most Corresponding Author's Country

Rank Country Articles Freq SCP MCP MCP_Ratio

1 China 303 0.17565 224 79 0.2607
2 USA 186 0.10783 162 24 0.129
3 India 141 0.08174 124 17 0.1206
4 Italy 119 0.06899 83 36 0.3025
5 Brazil 96 0.05565 79 17 0.1771
6 Japan 84 0.0487 60 24 0.2857
7 Pakistan 62 0.03594 33 29 0.4677
8 Germany 59 0.0342 34 25 0.4237
9 Spain 58 0.03362 31 27 0.4655
10 Australia 56 0.03246 25 31 0.5536
11 Korea 50 0.02899 40 10 0.2

12 Iran 39 0.02261 22 17 0.4359
13 France 34 0.01971 20 14 0.4118
14 United Kingdom 29 0.01681 17 12 0.4138
15 Mexico 27 0.01565 22 5 0.1852
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16 Poland 27 0.01565 23 4 0.1481
17 Belgium 25 0.01449 15 10 0.4
18 Canada 25 0.01449 20 5 0.2
19 Greece 23 0.01333 10 13 0.5652
20 Cyprus 17 0.00986 3 14 0.8235

*(SCP: Single Country Publication; MCP: Multiple Country Publication)
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Fig. 9 : Prolific of Most Corresponding Author's Country

Country Productivity

Figure 10 shows the country productivity are represent leading 20 countries
shown in the Table 5. The leading three countries productivity more than 300
publications. China is the first place and second place occupied USA. India is
obtained third possion. More and 200 published countries are Italy than ,

Brazil, Pakistan and Japan.
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Table 5 Country Productivity

ISBN: 978-93-91387-26-6

Rank Country Frequency
1 China 754
2 USA 465
3 India 354
4 [taly 267
5 Brazil 263
6 Pakistan 226
7 Japan 223
8 Germany 186
9 Australia 172
10 Spain 138
South

11 korea 134
12 France 120
13 UK 85
14 Poland 74
15 Iran 72
16 Mexico 72
17 Belgium 64
18 Canada 61
19 Greece 56
20 Thailand 51
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Country Scientific Production
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Fig.10 : Country Productivity

Author co-authorship analysis

The most common kind of collaboration network is the co-authorship network.
The network visualization of authorship in the field of hydrophonics Research
is depicted in Figure 11. The circles (or nodes) represent an author and the size
of the circles represents the number of papers published. There can be seen
some link between two circles standing for cooperative relation between two
authors and the thickness between the links represents the strength of

cooperation. The threshold value of publications in cooperation is taken as 5,

227

Association of Global Academician and Researchers (AGAR) Publications



RECENT TRENDS IN MULTIDISCIPLINARY RESEARCH (RTMR-2023) ISBN: 978-93-91387-26-6

that is authors with minimum number of papers in collaboration. A total of
7690 authors meets the threshold, out of which 97 are connected. The 97
authors are again divided into 10 clusters on the basis of their closeness in
connection and work in a similar field. The largest cluster i.e., Cluster 1 (red
color) has 15 authors. The second largest cluster (green color) has 12 authors.
The third cluster (blue color) has 12 authors. The fourth cluster (yellow color)
has 6 authors. The fifth cluster (violet color) has 6 authors. The sixth cluster
(shallow blue color) has 5 authors. The seventh cluster (orange color) have 4
authors. The eight cluster (brown color) has 4 authors. The nineth cluster
(purple color) has 3 authors and The ten cluster has 3 (viridiscolor)
researchers. The top 20 authors with least 10 or more papers in collaboration
are Rouphael, Youssef, Savvas, Dimitrios, De Pascale, Stefania, Liu, Dan, Asao,
Toshiki and Ntatsi, Georgia. The top 20 authors who published at least 10 or
more papers and cluster, total citations and number of publications are
presented in Table 8.

Table 6 Top 20 Author co-authorship analysis

Rank Authors cluster Documents Citations
1 Rouphael, Youssef 3 19 235
2 Savvas, Dimitrios 6 13 168
3 De Pascale, Stefania 3 12 129
4 Liu, Dan 2 11 358
5 Asao, Toshiki 9 10 126
6 Ntatsi, Georgia 6 10 108
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7 Wang, Ying 2 9 286
8 Kim, Hye-Ji 4 9 173
9 Keesman, Karel J. 1 9 162
10 Chrysargyris, Antonios 3 9 161
11 Kloas, Werner 1 8 285
12 Ye, Zhenggian 2 8 253
13 Goddek, Simon 1 8 232
14 Miceli, Alessandro 10 8 183
15 Zacchini, Massimo 7 8 157
16 Schat, Henk 5 8 126
17 Gonnelli, Cristina 5 8 105
18 Pannico, Antonio 3 8 94
19 Chen, Junren 2 7 253
20 Baganz, Daniela 1 7 236
....... s
- o
- e
s

A, vosviewer i

Countries co-authorship analysis

Fig.11 : Top 20 Author co-authorship analysis

The country affiliation provides the information on workplace of a researcher,

the nation in which a researcher works within a particular organization

producing certain research papers under the affiliation of the organization. If
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the paper is multi-authored then each author contributes significantly to draft a
manuscript so the country and author affiliation is considered to be very
significant in evaluating the research output of a researcher. Now, the
coauthorship analysis on the basis of countries is very important indicator
indicating the network of the countries collaborating and by default the
collaboration of organizations and authors. There are 98 countries meeting the
threshold of 2 papers coauthored. VOSviewer software prepares a network
map for the largest set of 57 connected countries. These countries are so
connected that they form 7 clusters on the basis of their closeness. Countries
with minimum of 57 publications in collaboration falls into the category of top
collaborating countries. Table 9 gives a list of top 20 collaborating countries on
the basis of number of papers independent of total citations and cluster. These
countries produce total of 1726 papers. Their respective number of papers to
the total papers from the top 20 countries are: 335 papers are from Peoples R
China (5458 Citations), USA have number of 253 papers (3820 citations) and
India ranks in 3th with 15papers (1610 citations) USA and India is same 4t
cluster. International country co-authorship network map using VOSviewer
software is presented in Figure 7, with circles representing a country. The map
has 57 nodes (circles). The size of the circle is directly proportional to the

number of articles published in collaboration with the countries which depicts
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the research activity in the region. The bigger the size of the circles, the larger
the number of publications in collaboration. The circular line is established
when two countries have a collaborative relationship. The thickness of the lines
reflects the extent of co-operation and the number of collaborations between
the countries. There are total of 7 clusters in the dataset. Each cluster
represents a group.

Table 7 Top 20 Countries co-authorship analysis

Rank Countries cluster Documents Citations
1 Peoples R China 2 335 5458
2 USA 4 253 3820
3 India 4 154 1610
4 Italy 7 141 2192
5 Brazil 3 110 1102
6 Germany 6 109 1916
7 Pakistan 2 98 2553
8 Japan 1 96 829
9 Australia 4 91 1541
10 Spain 6 80 1418
11 South Korea 3 56 762
12 France 2 48 1407
13 Iran 1 44 556
14 England 4 39 764
15 Greece 7 38 491
16 Netherlands 6 38 678
17 Canada 5 37 368
18 Belgium 3 36 634
19 Mexico 1 35 161
20 Poland 2 34 581
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AUNiry Louaboration Map

Fig. 12 : Top 20 Countries co-authorship analysis

Keyword on the basis of frequency of occurrences

Keyword’s analysis is a significant aspect of Bibliometric analysis. Here,
keyword analysis is done in order to know the keyword co-occurrences,
frequency of occurrences, hot/ trending topics. A total of 4904, keywords are
identified in hydroponics research. The keywords which are occurring at least
5 times are selected and a total of 239 meets this threshold. Out of these,
network map of 1000 keywords are prepared (Figure 13). These are further
divided into 11 Cluster, Top 20 Keywords on the basis of frequency of
occurrences are Hydroponics, Aquaponics, Cadmium, Phytoremediation,

Lettuce and Salinity.
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Table 8 Top 20 Keywords on the basis of frequency of occurrences

Rank Keywords cluster Occurrences
1 Hydroponics 2 586
2 Agquaponics 6 73
3 Cadmium 3 59
4 Phytoremediation 3 57
5 Lettuce 7 54
6 Salinity 5 52
7 Rice 1 47
8 Photosynthesis 2 39
9 Oxidative Stress 3 34
10 Nitrogen 10 33
11 Nitrate 4 31
12 Wheat 5 31
13 Phosphorus 10 28
14 Aquaculture 6 27
15 Nutrient Solution 2 27
16 Greenhouse 7 26
17 Maize 1 26
18 Soilless Culture 2 25
19 Tomato 7 24
20 Abiotic Stress 11 23
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Fig. 13 : Top 20 Keywords on the basis of frequency of occurrences
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Ranking of Organisation

Organisation analysis facilitates the researchers to identify the dominating
institutions working actively in the specified research domain for their
postdoctoral studies, research exchange activities and study tours.
Organisation have participated in the studies related to hydroponics during the
period of 2013to 2022. Top institutions are shown in Figure 14 and table 9.
Chinese AcadSci is the largest contributor publishing 42 documents, Zhejiang
Univis the second position 31 documents .Chinese AcadAgrSci, UnivAgr
Faisalabad and Univ Naples Federico li is the third position each 25 documents
and remaining are below 25 documents.

Table 9 Top 20 Organisation

Rank Organisation Cluster Documents Citations
1 Chinese AcadSci 2 42 643
2 Zhejiang Univ 7 31 821
3 Chinese AcadAgrSci 2 25 184
4 UnivAgr Faisalabad 2 25 430
5 Univ Naples Federico li 6 25 234
6 Univ Florida 3 24 249
7 Univ Chinese AcadSci 2 20 213
8 Purdue Univ 1 19 247
9 Nanjing AgrUniv 5 18 305
10 Tottori Univ 9 18 181
11 Univ Western Australia 2 18 338
12 Cornell Univ 1 17 304
13 Northwest A&F Univ 2 17 317
14 AgrUniv Athens 6 16 205
15 HuazhongAgrUniv 2 16 317
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16 South China AgrUniv 2 16 165
17 Univ Padua 6 16 310
18 China AgrUniv 4 15 245
19 GovtCollUniv 7 15 1024
20 Univ Bonn 4 15 145
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Fig.14 : Top 20 Organisation

Ranking of Sources

Table 10 and Figure 15 presented the ranking of Journal with numbers of

literature published on the subject. The Journals were only highlighted since it

can be seen from the Figure that, Frontiers in plant sciencerank the highest

with 66 (971Citation) literature published, followed by Horticulturae64

(405Citation),  Agronomy-basel54  (600Citation) and other remaining

publication below 50 records.
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Rank Sources cluster Documents Citations
1 Frontiers in plant science 2 66 971
2 Horticulturae 5 64 405
3 Agronomy-basel 8 54 600
4 Journal of plant nutrition 8 49 340
5 Scientiahorticulturae 9 48 1126
6 Environmental science and pollution research 1 42 1077
7 Plants-basel 3 41 310
8 Plant and soil 1 37 629
9 Plant physiology and biochemistry 1 29 595
10 Hortscience 6 28 196
11 Environmental and experimental botany 1 24 553
12 Science of the total environment 1 24 365
13 Ecotoxicology and environmental safety 1 22 683
14 Plos one 4 20 474
15 Journal of cleaner production 4 19 442
16 | Agricultural water management 6 18 223
17 Journal of the science of food and agriculture 3 18 124
18 Sustainability 6 18 236
19 | Chemosphere 1 17 334
20 Actaphysiologiaeplantarum 3 16 329
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Three fields in Hydroponics

In the current study on hydroponics, the three fields are connected in a three-
field plot, which is highlighted in Figure 16. Making a three-filed fold required
the usage of the Bibliometrix tool. The left-field displays the writers who have
contributed the most to hydroponics, the center field shows the author names
and the right-field lists references. The authors with the most significant

contributions to hydroponics were Schat.h, Dresler.S, and Ye.Zq.
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Fig. 16 Three fields in Hydroponics
Cited Articles

Keller et al (2016) investigated the potential role of silicon in im-proving
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tolerance and decreasing cadmium (Cd) toxicity in durum wheat
(Triticumturgidum L. durum) either through a reduced Cd uptake or
exclusion/sequestration in non-metabolic tissues. For this, plants were grown
in hydroponic conditions for 10 days either in presence or absence of 1 mM Si
and for 11 additional days in various Cd concentrations (0, 0.5, 5.0 and 50 pM).
After harvesting, morphological and physiological parameters as well as
elemental concentrations were recorded. Cadmium caused reduction in growth
parameters, photosynthetic pigments and mineral nutrient concentrations both
in shoots and roots. Shoot and root contents of malate, citrate and aconitate
increased, while contents of phosphate, nitrate and sulphate decreased with
increasing Cd concentrations in plants. Addition of Si to the nutrient
solutionmitigated these adverse effects: Cd concentration in shoots decreased
while concentration of Cd adsorbed at the root cell apoplasmic level increased
together with Zn uptake by roots. Overall, total Cd uptake decreased in
presence of Si. There was no co-localisation of Cd and Si either at the shoot or
at the root levels. No Cd was detected in leaf phytoliths. In roots, Cd was mainly
detected in the cortical parenchyma and Si at the endodermis level, while
analysis of the outer thin root surface of the plants grown in the 50 uM Cd+1
mM Si treatment highlighted non-homogeneous Cd and Si enrichments.These

data strongly suggest the existence of a root localised protection mechanism
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consisting in armoring the root surface by Si- and Cd-bearing compounds and
in limiting root-shoot translocation.

Ali et al, (2014) A Comparitive study was made in this research article in
between the conventional agriculture and the land, water, and energy
requirements of hydroponics by growing the lettuce production in Yuma,
Arizona, USA. This is the first quantitative comparison of conventional and
hydroponic produce production by example of lettuce grown in the
southwestern United States. Data were obtained from crop budgets and
governmental agricultural statistics, and contrasted with theoretical data for
hydroponic lettuce production derived by using engineering equations
populated with literature values. Yields of lettuce per greenhouse unit (815 m?
) of 41 £ 6.1 kg/m? /y had water and energy demands of 20 * 3.8 L/kg/y and
90,000 £ 11,000 kJ/kg/y (+standard deviation), respectively. In comparison,
conventional production yielded 3.9 * 0.21 kg/m? /y of produce, with water
and energy demands of 250 + 25 L/kg/y and 1100 % 75 kJ/kg/y, respectively.
Hydroponics offered 11 + 1.7 times higher yields but required 82 + 11 times
more energy compared to conventionally produced lettuce. It identified energy
availability as a major factor in assessing the sustainability of hydroponics, and
it points to water-scarce settings offering an abundance of renewable energy

(e.g., from solar, geothermal, or wind power) as particularly attractive regions
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for hydroponic agriculture.

Main conclusion was erected by Keller etal., (2015) that aqueous Si limits Cu
uptake by a Si accumulating plant via physicochemical mechanisms occurring
at the root level. Sufficient Si supply may alleviate Cu toxicity in Cu-
contaminated soils. Little information is available on the role of silicon (Si) in
copper (Cu) tolerance while Cu toxicity is widespread in crops grown on Cu-
contaminated soils. A hydroponic study was set up to investigate the influence
of Si on Cu tolerance in durum wheat (Triticumturgidum L.) grown in 0, 0.7, 7.0
and 30 IM Cu without and with 1.0 mM Sj, and to identify the mechanisms
involved in mitigation of Cu toxicity. Si supply alleviated Cu toxicity in durum
wheat at 30 IM Cu, while Cu significantly increased Si concentration in roots.
Root length, photosynthetic pigments concentrations, macroelements, and
organic anions (malate, acetate and aconitate) in roots, were also increased.
Desorption experiments, XPS analysis of the outer thin root surface (B100 A”)
and XRF analyses showed that Si increased adsorption of Cu at the root surface
as well as Cu accumulation in the epidermis while Cu was localised in the
central cylinder when Si was not applied. Copper was not detected in
phytoliths. This study provides evidences for Simediated alleviation of Cu
toxicity in durum wheat. It also shows that Si supplementation to plants

exposed to increasing levels of Cu in solution induces non-simultaneous
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changes in physiological parameters. They proposed a three-step mechanism
occurring mainly at the root level and limiting Cu uptake and translocation to
shoots: (i) increased Cu adsorption onto the outer thin layer root surface and
immobilisation in the vicinity of root epidermis, (ii) increased Cu complexation
by both inorganic and organic anions such as aconitate and, (iii) limitation of
translocation through an enhanced thickening of a Si-loaded endodermis.

Halden et al (2015) explained that, Phytoextraction is an eco-friendly and cost-
effective technique for removal of toxins, especially heavy metals and
metalloids from contaminated soils by the roots of high biomass producing
plant species with subsequent transport to aerial parts. Lower metal
bioavailability often limits the phytoextraction. Organic chelators can help to
improve this biological technique by increasing metal solubility. The aim of the
present study was to investigate the possibility of improving the
phytoextraction of Cd by the application of citric acid. For this purpose, plants
were grown in hydroponics under controlled conditions. Results indicated that
Cd supply significantly decreased the plant growth, biomass, pigments,
photosynthetic characteristics and protein contents which were accompanied
by a significant increase in Cd concentration, hydrogen peroxide (H:02),
electrolyte leakage, malondialdehyde (MDA) accumulation and decrease in

antioxidant capacity. The effects were dose dependent with obvious effects at
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higher Cd concentration. Application of CA significantly enhanced Cd uptake
and its accumulation in plant roots, stems and leaves. Citric acid alleviated Cd
toxicity by increasing plant biomass and photosynthetic and growth
parameters alone and in combination with Cd and by reducing oxidative stress
as observed by reduction in MDA and H202 production and decreased
electrolyte leakage induced by Cd stress. Application of CA also enhanced the
antioxidant enzymes activity alone and under Cd stress. Thus, the data indicate
that exogenous CA application can increase Cd uptake and minimize Cd stress
in plants and may be beneficial in accelerating the phytoextraction of Cd
through hyper-accumulating plants such as Brassica napus L.

In this article David C. Love et.al,, (2015) narrated about the Aquaponics [the
integration of aquaculture and hydroponics]. There is expanding interest in
aquaponics as a form of aquaculture that can be used to produce food closer to
urban centers. Commercial aquaponics uses methods and equipment from both
the hydroponics and aquaculture industries. f this research was to document
the production methods, crop and fish yields, and profitability of commercial
aquaponics in the United States (US) and internationally. An online survey was
used for data collection, and 257 respondents met the inclusion criteria for the
study. Eighty-one percent of respondents lived in the US, and the remaining

respondents were from 22 other countries. The median year that respondents
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had begun practicing aquaponics was 2010. A total of 538 fulltime workers,
242 part-time workers, and 1720 unpaid workers or volunteers were
employed at surveyed organizations. The most commonly raised aquatic
animals by percent were tilapia (69%), ornamental fish (43%), catfish (25%),
other aquatic animals (18%), perch (16%), bluegill (15%), trout (10%), and
bass (7%). Production statistics, gross sales revenue, investments, and sales
outlets for operations are reported and compared to other fields of aquaculture
and agriculture. A multivariable logistic regression model was used to study
which factors were associated with profitability (as a binary outcome) in the
past 12 months. Several factors were significantly associated with profitability:
aquaponics as the respondents' primary source of income (p b 0.01; Odds
Ratio: 5.79; 95% Confidence Interval: 3.8-9.0), location in US Department of
Agriculture plant hardiness zones 7-13 (p b 0.01; OR: 4.17; 95% CI: 3.2-5.5),
gross sales revenue =$5000 (p b 0.01; OR: 3.58; 95% CI: 2.2-5.8), greater
aquaponics knowledge (p b 0.01; OR: 2.37; 95% CI: 2.0-2.9), and sales of non-
food products (e.g., supplies, materials, consulting services, workshops, and

agrotourism) (p = 0.028; OR: 2.13; 95% CI: 1.1-4.2).
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Table 11 Cited Articles
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TC
Authors Articles Title Country TC | per Year | Journal name Research Areas
Silicon alleviates Cd stress
of wheat seedlings
(Triticumturgidum L. cv.
(Keller et.al., Claudio) grown in Environ. Sci. Environmental
2016) hydroponics France 267 33.375 | Pollut. Res. Sciences & Ecology
Citric acid assisted
phytoremediation of Environmental
cadmium by Brassica Ecotox. Sciences & Ecology;
(Ali etal., 2014) napus L Pakistan 241 24.1 Environ. Safe. | Toxicology
Effect of silicon on wheat
seedlings
(Triticumturgidum L.)
grown in hydroponics and
(Keller et.al., exposedto 0to 30 Amu M
2015) Cu France 218 24.2222 | Planta Plant Sciences
Comparison of Land,
Water, and Energy
Requirements of Lettuce Environmental
Grown Using Hydroponic Int. J. Environ. | Sciences & Ecology;
(Halden et.al., vs. Conventional Res. Public Public, Environmental
2015) Agricultural Methods USA 203 22.5556 | Health & Occupational Health
Commercial aquaponics
production and
profitability: Findings from Fisheries; Marine &
(Love et.al., 2015) | an international survey USA 194 | 21.5556 | Aquaculture Freshwater Biology

Conclusion

Based on the Web of Science database, this document provides a brief overview

of the most cited papers, organizations, and nations in hydroponics research.

According to the research’s findings, there were 1729 papers published by
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7111 authors on the study’s subject between 2013 and 2022, a period of 10
years. We used the Bibliometrix tool and the VOS viewer program to
investigate. Based on the materials released, maybe due to the vast increase in
recently published works with comparable topics. The amount of research has
grown during the last few years, with China now having the most published
authors in this area. The cooperation network between nations, active nations,
and source productivity all contribute to China’s dominance in the industry.
According to our research, the authors with the most citations have studied,
including Schat.h, Dresler.S, and Ye.Zq. . The most influential journal is
Frontiers in plant science.

Future prospect

A "new" door in science is opened by the use of hydroponics, which can
increase crop output for food, fodder, and ornamental purposes while also
producing higher-quality yields. (Putra and Yuliando, 2015). In locations with
high population densities, hydroponics can generate high yields of regional
crops like green vegetables or flowers. All plants and agricultural products
might be grown worldwide if the hydroponics method could be modernised.
Where there is a lack of water, land, and crops, hydroponics can feed millions of
people in Asia and Africa. The management of crop and food production is thus

given a gleam of hope by hydroponics. (Maharana and Koul, 2011). Japan has
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begun using hydroponics to produce rice in order to feed its citizens. (De
Kreijet al, 1999). Israel utilises hydroponics to grow vast numbers of berries,
citrus fruits, and bananas despite its dry and arid climate. (Van Os, 2002).
Honestly, the hydroponics approach can be useful in both high-tech space
stations and rural or urban settings. For growing food in harsh environments
like hilly areas, deserts, or arctic towns, hydroponics can be an effective
technique. The need for hydroponic farming has recently increased in both
industrialised and developing nations. (Trejo-Téllez and G6mez-Merino, 2012).
Therefore, the government should establish public regulations and provide
subsidies for these types of manufacturing systems. In conclusion, hydroponics
is becoming more and more popular all over the world, and these systems
present producers and customers with a variety of new chances to produce
high-quality products, including vegetables boosted with bioactive
components. Hydroponics can be a huge help to the less fortunate and landless
people, just as soil-less culture can be grown in small spaces with little labour
and little time.Additionally, it can raise people's standards of living and
accelerate a nation's economic development. The hydroponics sector in India is
anticipated to expand rapidly in the next years. The development of low cost
hydroponic technologies that lessen reliance on human labour and lower

overall start-up and operational expenses is crucial to promoting commercial
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hydroponic farming.
Tests were performed with different cultivated vegetables, mainly using the
floating root system and containers with natural growing media, such as quarry
and river sand. With time the formula has been adjusted to improve it and is
currently offered to cultivate different cr ops, even for commercial purposes,
such as the fruits cultivation. Hydroponics also will be important to the future
of the space program. NASA has extensive hydroponics research plans in place,
which will benefit current space exploration, as well as future, long-term
colonization of Mars or the Moon.
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ABSTRACT

Extended-spectrum [-lactamase (ESBL)-producing Enterobacteriacae
are well recognised as important nosocomial infections because of the
emergence of microbial resistance caused by these enzymes.

In order to identify and confirm the presence of ESBL-producing
microbes, a number of phenotypic assays have been suggested, although
procedures are often carried out on isolated organisms after antibiotic
susceptibility testing and culture.

Keywords: Extended-Spectrum [-Lactamases; Carbapenemase; CLSI;
Phenotypic Methods; Broth Microdilution; Three Dimentional Test; Disc
Diffusion Test; Double Disc Synergy Test; Combination Disc Test; E Test.
INTRODUCTION

Nearly two-thirds of current hospital prescriptions include antibiotics,
and those in the -lactam class are particularly crucial to the practise of
medicine in the 21st century (Bush et al, 2016). Penicillins,
cephalosporins, carbapenems, and monobactams are the four main
chemical families in which the most prevalent (-lactam-containing drugs

fall (Fig. 1). The medical profession is very concerned that medication
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resistance is continuing to rise around the globe because these agents are
so valuable (ECDC, 2018., WHO, 2019., Perez et al., 2019) Despite the
possibility that resistance patterns vary spatially, the risk that any novel
resistance mechanism may spread quickly to other regions still exists.

The most of the resistance of the -lactams is due to the enzymes that
inactivate these molecules, i.e., the B-lactamases, (Bush et al., 2018) The
World Health Organisation (WHO, 2017), as well as the Centres for
Disease Control and Prevention (CDC, 2013), have identified (-lactamase-
producing Gram-negative bacteria as one of the world's most significant
or critical dangers. Pharmaceutical companies have had some clinical and
scientific success in their attempts to inhibit or contain these enzymes by
creating new compounds with broader clinical applications. Six new [3-
lactam-containing medications have received FDA approval in the
previous ten years: ceftaroline, ceftolozane-tazobactam, meropenem-

vaborbactam, imipenem-cilastatin-relebactam, and cefiderocol (Bush et

al., 2019).
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By breaking open the ring of penicillins and cephalosporins, 3-
lactamases are enzymes that render (3-lactam antibiotics inactive and stop
their antibacterial activity. For a large number of species of gram-positive

and gram-negative bacteria, beta-lactamases have been identified. Some
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the penicillinase of Staphylococcus aureus (Moland et al., 2008).
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B-Lactamases.

The significance of B-lactamases as the main factor influencing -lactam
resistance in Gram-negative bacteria. In essence, these enzymes bind to
the medication, break the amide bond of the four-membered azetidinone
ring that is present in every (B-lactam (Fig.2), and add a water molecule to
the ring-opened molecule to abolish the Kkilling activity of  -lactams.
There are different processes for (3-lactamases that hydrolyse using an
active-site serine and enzymes that need at least one divalent Zn atom. In
contrast to MBLs, where Zn?+ facilitates the creation of a noncovalent
reactive complex with the -lactam, serine [(-lactamases work by first
generating a covalent acylated enzyme. (Bush et al.,2018, Bush et al.,2019,
Toole et al,2019, Meini et al, 2019). Notably, the product of both
reactions is the same molecule that is incapable of building an
enzymatically productive compound with a PBP and is microbiologically

inactive. The bacterial cell continues to survive as a result.
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Fig 2: Schematic showing the interaction of -lactam antibiotics with 3-
lactam interactive proteins in Gram-negative bacteria.

The two key characteristics of these physiologically significant enzymes,
namely their structure and activity, provide the basis for the naming of 3 -
lactamases. Ambler introduced the concept of structural classes in 1980
(Ambler 1980), describing class A enzymes with a serine in the active site
and class B MBLs utilising the four -lactamase amino acid sequences that
were then known. Based on molecular size and characteristic homologous
patterns, class C and class D serine-based -lactamases have since been
identified (Jaurin et al,,1981 & Huovinen et al.,1988).

Recently recommended class A (B-lactamases as subclasses, which would
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modify the Ambler system (Philippon et al.,2019). Over 50 years have
passed since the first functional classification methods were reported,
based on biochemical characteristics such substrate profiles, relative
hydrolysis rates in comparison to reference (-lactams, and interactions
with inhibitors (Sawai et al.,1968). An updated functional nomenclature
based on a mix of biochemical characteristics and structural class
designations in 1995, and Bush and Jacoby added more subgroups in
2010. When describing -lactamases that belong to more than one group
or class, other functional designations are sometimes employed (Bush et
al,2010).

DETECTION OF ESBLs IN THE CLINICAL MICROBIOLOGY
LABORATORY.

1.DISC DIFFUSION METHOD.

For the purpose of detecting the development of ESBL by Klebsiella,
Escherichia coli, and Proteus mirabilis, the CLSI has recommended disc
diffusion methods. By recording particular zone sizes that suggest a high
level of suspicion for ESBL formation, laboratories using disc diffusion

methods for antibiotic susceptibility testing can check for ESBL
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production. You could take cefpodoxime, ceftazidime, aztreonam,
cefotaxime, or ceftriaxone. However, the sensitivity of detection is
increased when using multiple of these agents for screening. ESBL
production should be suspected if any of the zone diameters do, in which
case phenotypic confirming tests should be employed to make the
diagnosis (CLSI 2009).

Since cefpodoxime isn't frequently used in inpatient settings, it should be
mentioned that it can be utilised as a screening antibiotic (Thomson et
al.,1997). It was noted that the susceptibility to cefpodoxime measured
by disc diffusion consistently distinguished between Klebsiella
pneumoniae and Escherichia coli that produced ESBLs and those that
did not. Initially, the CLSI advised using a 10-g cefpodoxime disc with a
zone diameter of around 22 mm as a screening test for the development
of ESBLs. Unfortunately, when employed to check Escherichia coli
isolates for the development of ESBL, the cefpodoxime screening test with
a zone diameter of 22 mm lacks specificity. As a result, the CLSI now
advises changing the cefpodoxime screening zone diameter to 17 mm,

which means that isolates having a cefpodoxime zone diameter of 17 mm
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should undergo phenotypic confirmatory tests for ESBL formation (CLSI
2009). fig:3

2. DILUTION ANTIMICROBIAL SUSCEPTIBILITY TEST.

The CLSI has suggested dilution techniques for checking for the formation
of ESBL by Escherichia coli and Klebsiella. The screening concentration
for ceftazidime, aztreonam, cefotaxime, or ceftriaxone is 1 g/ml.
Growth at this screening antibiotic concentration (i.e, MIC of the
cephalosporin of 2 g/ml) raises concerns about the development of ESBL
and is a sign that the organism has to undergo a phenotypic confirmation
test (CLSI 2009).

When cefpodoxime was first being considered for screening, it was
suggested that isolates with the potential to create ESBLs have MICs of
less than 2 g/ml. However, it was discovered that none of the 59 strains
with cefpodoxime MICs of 2 or 4 g/ml developed ESBLs in a study of the
mechanisms causing decreased susceptibility of Escherichia coli to
cefpodoxime. The most frequent cause of decreased susceptibility to
cefpodoxime was TEM-1 [3-lactamase development in conjunction with

the loss or modification of a key porin protein. Other strains exhibited
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porin alterations but no TEM-1 synthesis. These strains occasionally also
displayed a little increase in the chromosomal AmpC [-lactamase
production. Finally, a few of the isolates were OXA-30 f3-lactamase

producers (OOliver et al.,2002). FIG :4
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CONFIRMATORY TESTS FOR ESBL PRODUCTION

PHENOTYPIC TESTS:

1. Cephalosporin/Clavulanate Combination discs.

For phenotypic confirmation of the presence of ESBLs in klebsiellae and
Escherichia coli, the CLSI recommends using cefotaxime (30 g) or
ceftazidime discs (30 g) with or without clavulanate (10 g). It was
suggested that clavulanic acid solution be administered to the

cephalosporin discs within an hour before they are applied to the agar
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plates prior to the availability of the combination discs. The CLSI advises
performing the disc tests when Mueller-Hintonagar is experiencing
confluent growth. It is considered phenotypic proof of ESBL development
when there is a difference of 5 mm between the zone widths of either of
the cephalosporin discs and their respective
cephalosporin/clavulanate disc.

A modification of this test, in which discs inoculated with clavulanic acid
were used instead of the amoxicillin-clavulanic acid discs, has been
described. The results of this method were comparable to the double-disc

synergy test (Schooneveldt et al.,1998).

2. BROTH MICRODILUTION.

Broth microdilution tests utilising ceftazidime (0.25 to 128 g/ml),
ceftazidime plus clavulanic acid (0.25/4 to 128 g/ml), cefotaxime (0.25
to 64 g/ml), and cefotaxime plus clavulanic acid (0.25/4 to 64 g/ml) can
also be used for phenotypic confirmatory testing. It needs to be
emphasised that cefotaxime and ceftazidime should both be used.

Standard procedures are used to perform the broth microdilution. In
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comparison to its MIC when tested alone, phenotypic confirmation is
defined as a 3-fold drop in the MIC of either cephalosporin in the presence
of clavulanic acid (Queenan et al.,2004).

3. DOUBLE-DISC DIFFUSION TEST.

outlined a disc diffusion test whereby synergy between cefotaxime and
clavulanate was discovered by spacing a disc of
amoxicillin/clavulanate (20 g/10 g, respectively) and a disc of
cefotaxime (30 g), 30 mm 4 apart (centre to centre) over an inoculated
agar plate (Jarlier et al., 1988). In order to confirm the presence of an
ESBL, the 30-g antibiotic discs of ceftazidime, aztreonam, and
ceftriaxone were also placed on the plate, 30 mm (centre to centre) away
from the amoxicillin/clavulanate disc. This was done because,
occasionally, this keyhole effect was not observed with cefotaxime but is
with other [3-lactam antibiotics containing the oxalate.

3.AGAR SUPPLEMENTED WITH CLAVULANATE.

Described a procedure for adding 4 g/ml of clavulanate to Mueller-Hinton
agar. On the clavulanate-containing agar and on ordinary Mueller-Hinton

agar plates without clavulanate, 30-g antibiotic discs of ceftazidime,
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cefotaxime, ceftriaxone, and aztreonam were used (Ho et al.,2002). On
the two media, a difference in f3-lactam zone width of less than 10 mm
was seen as favourable for ESBL formation. The method's requirement for
newly made clavulanate-containing plates is a significant limitation.
After 72 hours, clavulanic acid's efficacy starts to decline (Bedenic et
al,2001).

4. THREE-DIMENSIONAL TEST.

Without requiring proof of f3-lactamase inactivation by a f3-lactamase
inhibitor, the three-dimensional test provides phenotypic evidence of
ESBL-induced inactivation of extended-spectrum cephalosporins or
aztreonam. In this test, a susceptible organism to the disc's B-lactam
antibiotic is utilised to inoculate the susceptibility plate's surface
following the accepted practises for disc diffusion testing. A spot is
produced in the agar 7-8mm away from the 3 -lactam antibiotic disc, or a
slit is cut in the agar 5mm from the edge of the 8 -lactam antibiotic disc in
an outward radial direction. The slit or spot is filled with 25 1 of a milky
suspension of the tested strain in broth (McFarland number 5 turbidity

criteria). The three-dimensional test is interpreted as positive following
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an overnight incubation at 37°C when the inhibition zone surrounding the
f3-lactam antibiotic disc is deformed by the growth of the tested organism,
resulting in a decrease in the diameter of the inhibition zone (Shahid et
al.,2004).

COMMERCIAL METHODS FOR ESBL DETECTION.

1.E-TEST FOR ESBLs.

A plastic drug-impregnated strip made by AB Biodisk (Solna, Sweden) has
a gradient of ceftazidime on one end (MIC test range: 0.5 to 32 g/ml) and
a gradient of ceftazidime plus a constant concentration of clavulanate (4
g/ml) on the other. There are now similar strips on the market that
contain cefotaxime and cefotaxime/clavulanate. As a phenotypic
confirmatory test for ESBLs, the approach has a stated sensitivity range of
87% to 100% and a specificity range of 95% to 100%. Depending on the
ratio of the utilised cephalosporin/clavulanate/cephalosporin MICs,
the method's sensitivity and specificity can be altered. The manufacturer
advises an 8-fold decrease in cephalosporin MICs when clavulanate is
present. Due to the clavulanic acid diffusing from the opposite ends of the

strip, the inhibition zone might occasionally be altered when reading the
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MIC of a cephalosporin when it is used alone. Some people choose to
assess the MIC of the cephalosporin using a second conventional strip
that contains only ceftazidime or cefotaxime in these circumstances. The
capacity to detect ESBL types that preferentially hydrolyze cefotaxime,
such as CTX-M-type enzymes, is enhanced by the availability of
cefotaxime and ceftazidime strips (Sturenburg et al.,2004).
2.AUTOMATED METHODS.

ESBL-producing pathogens are found using automated bacterial
identification and susceptibility testing techniques. To assess the growth
response to ceftazidime, cefotaxime, ceftriaxone, and cefpodoxime,
with or without clavulanate, the BD Phoenix System (BectonDickinson
Biosciences, Sparks, MD) uses its "expert software.” Similar to this, the
BioMerieux Vitek 2 system (Marcy L'Etoile, France) makes use of a card
that contains ceftazidime and cefotaxime both individually and in
conjunction with clavulanate. Another medication utilised in the
MicroScan Walkaway-96 System (Dade Behring, Inc.,, West Sacramento,
CA) is ceftazidime or cefotaxime plus betalactamase inhibitors. The

ability of the three semi-automated approaches mentioned above to
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identify ESBL generation in well-characterized Enterobacteriaceae, such
as Enterobacter spp., Citrobacter freundii, and Serratia marcescens,
was recently compared to the traditional phenotypic confirmatory assays.
The system with the highest sensitivity was Phoenix (99%), followed by
Vitek 2 (86%) and MicroScan (84%) (Rice et al., 2004).

CONCLUSION.

Over the past 20 years, ESBLs have seen significant change. Future
therapeutic challenges will undoubtedly be brought on by their presence
and the possibility for plasmid-mediated quinolone and carbapenem
resistance. In order to treat such multi resistant illnesses, it is unlikely
that many novel antibiotic alternatives will become available in the next 5
to 10 years. Therefore, improved infection control together with antibiotic
stewardship programmes is crucial in preventing the spread of ESBL-
producing pathogens. In the future, the ESBLs will undoubtedly grow
more complicated and diverse, as was already mentioned. This will make
it more difficult for those developing guidelines for ESBL detection in
clinical microbiology laboratories. It may be required to change antibiotic

susceptibility breakpoints, but this must be carefully examined in
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conjunction with pharmacokinetic, pharmacodynamic, and clinical data.
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ABSTRACT

The science of nanoparticles and nanostructures, which are smaller than 100
nm and have a high surface-to-volume ratio and may change the physical,
chemical, and biological aspects of chemical compositions, is known as
nanotechnology. The prospective applications of nanoscience in the
pharmaceutical, medical diagnostics and disease treatment, energy, electronics,
agricultural, chemical, and space sectors have captured the interest of the
scientific community globally during the last several decades. Nanoparticles'
(NPs) characteristics rely on their size and form. These distinctive properties of
nanoparticles may be investigated for a wide range of further applications,
including computer transistors, chemical sensors, electrometers, memory
systems, reusable catalysts, biosensing, antimicrobial activities,
nanocomposites, medical imaging, tumour detection, and drug delivery. It is
therefore essential for the aforementioned applications to synthesise
nanoparticles with the necessary size, structure, monodispersity, and
morphology. Recent developments in nanotechnology attempt to synthesise
nanoparticles and nanomaterials utilising dependable, non-toxic, and cutting-
edge environmentally friendly methods. In contrast to conventional

procedures, employing microbial machinery to biosynthesize nanoparticles of a
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desired type and shape is not only faster and safer, but also more ecologically
beneficial. Recently, it has been shown that a variety of microorganisms,
including bacteria, actinobacteria, fungi, yeast, microalgae, and viruses, may
synthesise metal, metal oxide, and other significant NPs through both
intracellular and extracellular processes. Exopolysaccharides, nanocellulose,
nanoplates, and nanowires are just a few examples of the unique nanomaterials
that some bacteria and microalgae are capable of producing. Moreover, genetic
engineering techniques can be used to improve their capacity for nanoparticle
synthesis. Therefore, using microbes to create nanoparticles is novel and has
great promise for the future. The current study gives detailed information on
several methods for making nanoparticles from microbial cells, their uses in
bioremediation, agriculture, medicine, and diagnostics, and their prospects for
the future.

Keywords: Nanoparticles, Microbial nanoparticles, Microbial nanotechnology,

Nanoscale, Nanostructures.

INTRODUCTION:
Microbial nanotechnology is an emerging field that combines the disciplines of
microbiology and nanotechnology. This field has the potential to create new

materials, devices, and systems at the nanoscale level. The integration of
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microorganisms and nanotechnology has resulted in the development of novel
approaches for the synthesis and assembly of nanoscale materials, as well as
the manipulation of microbial systems at the nanoscale level.

Basic Principles of Microbial Nanotechnology

Microbial nanotechnology involves the use of microorganisms, such as bacteria,
fungi, and viruses, to synthesize and assemble nanoscale materials.
Microorganisms are capable of producing a wide range of nanoscale materials,
including metal nanoparticles, semiconductor nanoparticles, and magnetic
nanoparticles. These materials can be synthesized through a variety of
mechanisms, such as bio reduction, biomineralization, and biosorption.

In addition to this, Microbial nanotechnology involves creating nanoparticles as
well as studying and experimenting with microbial systems using
nanotechnology technologies. Researchers can observe and explore microbial
systems at the nanoscale level using nanotechnology instruments like scanning
electron microscopy, atomic force microscopy, and nanopore sensors.

Microbial Synthesis of Nanoparticles

Microorganisms have the ability of forming and positioning nanoparticles
together in a controlled manner. For instance, certain bacteria can convert gold
ions into metallic gold to make gold nanoparticles. Similar to this, certain fungi

have the ability to convert silver ions into metallic silver in order to make silver
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nanoparticles.

In comparison to conventional approaches, microbial synthesis of
nanoparticles provides a number of benefits, such as cheap cost,
environmentally benign procedures, and the capacity to create nanoparticles
with specified sizes and shapes. These benefits make microbial nanoparticle

synthesis a desirable choice for large-scale manufacturing.

Figure 1: nanoparticles synthesized by microorganisms.
Applications of microbial nanotechnology in different fields.
1. Application of microbial nanotechnology in food sector.

Nanotechnology improves the food bioavailability, texture, taste, and
consistency, achieved via modification of particle size, possible cluster
formation, and surface charge of food nanomaterials. Nanotechnology not only
helps in increasing the shelf life of various types of food materials, but also in

reducing the level of food wastage because of microbial spoilage. (Donia et al

2021)
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Bacterial cellulose (BC) for food packaging

Bacterial cellulose (BC) is a nanostructured material produced by certain
bacteria, such as Acetobacter xylinum. BC has high mechanical strength, high
water holding capacity, and excellent gas permeability, which makes it an ideal
material for food packaging. BC-based films have been shown to have good
barrier properties against oxygen, moisture, and UV light, which can help to
extend the shelf life of food products. (Gorgieva, S., & Trcek, ]. 2011)

Fungal mycelium for meat substitutes

Fungal mycelium is the vegetative part of fungi that forms a network of fine,
branching filaments. Fungal mycelium can be grown on agricultural waste to
produce meat substitutes that have similar texture and flavour to meat. The
mycelium-based meat substitutes have a high protein content, low-fat content,
and are sustainable and environmentally friendly. (Sanchez-Gonzalez, M., &
Ocio, M. ]. 2021)

Virus-like particles (VLPs) for food vaccines

Virus-like particles (VLPs) are self-assembling nanostructures that resemble
viruses but are non-infectious. VLPs can be used as vaccines for various
diseases, including foodborne illnesses. VLP-based vaccines have been
developed for hepatitis E, norovirus, and avian influenza. These vaccines can

provide effective protection against the diseases and can be administered
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orally, which is a convenient method for the food industry. (He, Y., & Zhang, X.
2021)

Yeast nanobiotechnology for food flavoring

Yeast is a single-celled fungus that is commonly used in the food industry for
fermentation. Yeast can also be engineered to produce specific flavour
compounds, such as vanillin, which is commonly used in food flavoring. Vanillin
produced by yeast is a sustainable and cost-effective alternative to synthetic
vanillin, which is derived from petrochemicals. (Krivoruchko, A et al 2019)
These applications can help to improve the sustainability, safety, and quality of
food products. The use of microbial nanostructures in the food industry is still
in its early stages, but it holds great promise for the future of food production
and consumption.

2. Application of microbial nanotechnology in medicine and pharma.

Due to continuous exposure towards antibiotics the pathogens develop
resistance towards the antibiotics, to overcome this bio-fabricated microbial
nanoparticles are the boon in sector. larger surface area and small size of bio-
fabricated nanoparticles are useful in efficiently interact with the microbial cell
membrane and penetrate the cells to interfere with the metabolic pathways
and DNA replication. (Fariq A. et al 2017)

Nanomaterials can be effectively used as a vehicle for targeted drug delivery
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and are a very useful tool in enhancing the bioavailability, stability, and
bioactivity of drugs. Major drug delivery nanomaterials include liposomes,
nanospheres, polymeric micelles, water-soluble polymers, nano emulsions, and
NP-coated natural antibodies. (Silva | et al 2014) (Omlor A. ] et al 2015),
microbial nanoparticles have their application also in cancer therapy and
wound healing.

3. Application of microbial nanotechnology in agriculture.

Microbial nanoparticles have applications in agriculture as nanofertilizers,
nanopesticides and nanoinsecticides.

Excellent antifungal capabilities may be found in metal NPs and metal oxides.
The most harmful plant pathogens that cause various plant diseases are fungi.
According to some recent research, pathogenic fungi including Pythium
ultimum, Alternaria alternata, Fusarium oxysporum, and Aspergillus niger
respond well to copper and copper oxide nanoparticles made from
Streptomyces species. (Hassan et al 2019)

In a recent research article, Bisinoti et al., 2019, employed soil fertilisers made
of carbon-based nanomaterials instead of chemical fertilisers, and they came to
the conclusion that this might minimise the usage of chemical fertilisers.

4. Application of microbial nanoparticles towards environmental concern.

For wastewater treatment and subsequent uses, it is essential to remove very
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persistent and xenobiotic water pollutants such cationic dyes, acid dyes, azo
dyes, and other similar pollutants. These contaminants worsen existing water
contamination and harm aquatic life. NPs can either serve as a catalyst or
absorb the contaminants over their greater surface area because of their bigger
surface area and smaller size. Numerous studies have examined the ability of
various NPs to reduce hazardous contaminants by catalysing the reaction
between biological elements. (Zaho et al 1998). Bhargava et al,, 2016
demonstrated that AuNPs can also be used as an adsorbent for organic dyes. It
was observed that AuNPs having surface proteins synthesized from
fungus Cladosporiumoxysporum AJP03 efficiently improved the adsorption of
rhodamine-B organic dye. (Bhargava et al 2016)

Conclusion and future perspectives.

Microbial cells can be employed for the faster, safer generation of NPs with the
necessary nature and structure since they are quick-growing, simple to
maintain, and fast-growing. To achieve a consistent shape, symmetry,
composition, and size of NPs, which is influenced by environmental factors,
such as temperature and medium pH, is one of the numerous difficulties
associated with the biosynthesis of NPs by microbial synthesis. (Hulkoti et al
2014) Although recent studies have demonstrated the enormous potential of

microbes for the synthesis of novel NPs and their use in biomedicines and
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cancer treatment (Hamida et al 2020), the methods of microbe-based
biosynthesis need to be modified for commercial production, and the synthesis
of NPs needs to be scaled up in comparison to conventional methods. The
toxicity, biocompatibility, and possible impact of NPs on the immune system,
respiratory system, hepatobiliary system, reproductive system, kidney, eyes,
skin, and other organs all need to be thoroughly studied. (Xu et al 2020) In this
field, it is innovative to fabricate NPs with the appropriate form and size using
genetically modified microbes. In comparison to traditional bioproduction of
nanomaterials, genetically modified organisms provide a number of benefits,
including a higher rate of biosynthesis, lower generation costs, and greater
energy efficiency. Although employing recombinant organisms to biofabricate
NPs offers a lot of benefits, such as environmental safety, economic
effectiveness, and viability of NP synthesis, it is still quite uncommon. To
enhance NP synthesis utilising genetically modified organisms, concerns
including repeatability, purity and separation of NPs, as well as the survival of
recombinant strains, still need to be addressed. Researchers also encounter
difficulties when employing genetically modified organisms for the production
of NPs because of issues with public acceptability, biosafety, biosecurity, and
transgene escape. But in the near future, it is anticipated that the biofabrication

of NPs using genetically modified organisms would garner a lot of interest and
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become the preferred approach for the sustainable production of
nanoparticles. NPs therefore offer enormous promise in a variety of
applications. Prior to the commercialization of NPs, however, issues including
toxicity, dosages, and host immune response during treatment must to be

resolved. (Iravani et al 2019)
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Abstract:

The future of neurodegeneration research is being continuously driven
towards greater precision and a better comprehension of the complex
mechanisms of the disease. Artificial intelligence (Al) is a critical tool in
achieving this, providing avenues for research