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CHAPTER 22
CORONA PANDEMIC AND ONLINE BUSINESS (E-
COMMERCE) IN INDIA

Dr. Neelam Gandhi
Assistant Professor (Commerce),
St. Thomas College, Bhilai, Chhattisgarh

\BSTRACT
he el industry is one of the pillars of the Indian economy,
contribating around 10% of its GDP. However, it has become more

challeroing for customers to visit stores and shop in this era of
epiderics: as a result, they are more likely to turn to internet
shopping. Consumers choose to purchase while staying at home to
avoid e outbreak. Consumers acknowledged in a survey that even
while (nverall spending fell over the final three months of 2020, they
did more online shopping. Customers prefer shopping online purely
for convenience. 90% of people still shop online, according to a
Busine.s Today poll conducted on June 24, 2020. Statista . com —
According to a survey on Indian online shopping behavior conducted
i Ma+ 2020, about 29% of respondents said that they purchased
online -cveral times due to Pendemic. Cnbctv]8.com/India- In view
of the ~orona virus pandemic and persistent concerns 85% of Indian
consun ors prefer online shopping over physical shopping, (SAYS
PIPI € ' Y CONSUMER CONFIDENCE TRACER).

KEY WORDS Online Shopping, Offline Shopping, Consumer
Prefercnces, Medium of Shopping, Internet, Consumer Satisfaction,
c-commicree, Covid-19, Pandemic.

INTRODUCTION
Tu global economy has been significantly impacted by the

- ovid-19 outbreak. A fragile global economy was initially hit

" the epidemic in the first few weeks of 2020. The majority
ol countries had to impose stringent lockdowns, and some of them
did w0 apain in reaction to the second wave that arrived over the
winter
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The economy stopped working. Due to the temporary
shutdown of businesses and industries, the output of goods and
services reduced. There were substantial disruptions to supply lines.
In parallel with the supply shock, there was a contraction on the
demand side. Business closures resulted in job and income losses for
many people. Additionally, the overall effective demand e/l

In other words, the supply and demand fell independently.
synchronously, and globally during the economic crisis brought on
by the epidemic. The shocks to the real economy have an impact on
the financial and external sectors. Finally, the pandemic has
transformed from a health catastrophe into a major economic issue.

The epidemic brought about significant issues for the Indian
economy, much like it did for the world economy.

ONLINE BUSINESS (e-commerce)-

E-business, often known as online business, refers 1o

. commercial activities conducted over the internet. In 1996 the word
"e-business" was first used. Electronic business is referred to as e-
business. As a result, the buyer and vendor are not meet personally.

We can shop from home and find excellent offers without having to
leave our actual location. . We now find it simple to shop thanks toe-
commerce.

Social media, product content, return and exchange policies.
product descriptions, vendor information, delivery dates. shi
costs, web series or movies, product price, and traditional adve
are just a few of the variables that have an impact on the adopti
usage of e-commerce.

=y '. o

ﬁDVANTAGES OF ONLINE SHOPPING
- Business companies have shifted from th
'method of selling items to the electronic method d
- development of technology. The nmm,m
: husmm for orgamsauons
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EEFECT OF CORONA PANDEMIC ON ONLINE BUSINESS
(e=<commerce) IN INDIA

Ihe Indian eCommerce industry (sic) has witnessed a huge
upsurye due to COVID-19 and there is substantial room for future
growth,  said Phil Pomford, managing director of Asia Pacific,
Worldpay from FIS.

The COVID pandemic problem has forced a lot of small
businesses to revaluate their decades-old conventional business
structures or face going out of business forever. New and established
technologies are now a part of every firm toolkit, and forward-
thinkine businesses are addressing the talent concerns brought on by
these (eveloping digital business skill sets.

. order to avoid having to interact directly with people, there
has been a surge in online purchasing and the use of the internet for
e-commerce. The shift from traditional currency to digital services
has resulted in increased consumer use and transaction patterns.

n particular, the second wave of the virus in the spring of 2021
had a ~ignificant impact on India. the largest GDP fall in the country’s
histor: . however this may still underestimate the damage done to the
finances of the poorest households.

india was badly impacted by the outbreak, particularly during
the second wave of the virus in the spring of 2021. the largest GDP
decrease in the country's history; however, this may still be an
underestimate of the financial harm done to the poorest households.

india has quickly embraced online shopping and electronic
payment systems, leading to the creation of new programmes,
websites. and other services. It is essential for all stakeholders to
comprehend the elements that affect customers' decision to keep
using ¢-commerce platforms after the COVID-19 pandemics.

DESC RIPTION OF ONLINE BUSINESS FEATURES DURING
PANDEMICS

According to many reports released between 2020 and 2022,
the following are the key characteristics of online business in India
during a pandemic: -

Only China and the US have a larger online consumer base than
India. which will have 140 million e-retailers by 2020.

I'he coronavirus epidemic's effect on consumer demand will

cause India's e-commerce business to grow by 84 percent to $111
billion by 2024, '

152

pp e Y
T . L R R



PANDEMIC EFFECTS ON MEALTH SOCIETY ENVIRONMENT & FLOMN

According to the poll, mobile shopping would drive a 217
annual growth in India's e-commerce industry over the next four
years. The majority of online payments in 2020 were made v th credn
cards (15%), debit cards (15%), and digital wallers (40%)
respectively.

India's retail market contrasted in the fiscal vear ending n
March 2021: the whole retail market shrank by 5%, while the GDP
shrank by 7.3% as a result of widespread lockdowns. Despite a
multitooth shutdown, the e-retail market increased by 5% 1o reach
$38 billion. This was a result of Covid-19, which led to a rise in the
usage of internet channels.

India's e-retail penetration received a significant boost through
Covid-19, which caused it to grow by 12 months to reach roughl
4.6% in FY21. This surge was much more pronounced in meiro areas.
where one in three people conducted at least one online purchase in
the previous year. With one in two residents purchasing onlinc at least
once last year, Bengaluru set the pace. According to international e-
retail marketplaces, growth should continue, sustaining at levels
higher than those before the Covid-19 pandemic, though lower than
peak levels.

“The India e-retail market is expected to grow at 25%—30%
annually over the next five years to reach $120-140 billion by FY 26,
which is higher than Modern Trade. Small-town India wil' fuel this
growth, accounting for four of every five new shoppers. During the
pandemic, reverse migration from metro cities further accelerated
growth in smaller towns. In addition to small towns, women and older
shoppers continue to increase the e-retail base.”

DISADVANTAGES OF ONLINE SHOPPING
The main factor behind e-success commerce's is 11~ usabilits

Although purchasing a goods online is quick and simple. soime people
prefer to utilise this technology sparingly. Before purchasing o
product in a store, they view the internet as a way to learn more abou!
it. Others worry about developing an addiction to online buying.
The following are the main drawbacks of online shoppmﬁ

1. Frauds in online shopping

2. Delay in delivery

3. Lack of product touch and feel while sbm online
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SLGGESTION TO IMPROVE THE DRAWBACK OF
ONLINE SHOPPING

| Onime shopping is easy but it can be made more secure.

More privacy should be implemented.

Product displayed sometimes differs with the product supplied. It
should be improved.

s I

CONCLUSION .

Now a day people in India, like Western Countries are
showing greater interest towards online shopping. inine shopping
beconing more popular day by day with increase In _the usage of
Worlo Wide Web known as www. Having access t0 online shopping
has truiy revolutionized and influenced our society as a whole. This
use of technology has opened new doors and opportunities that enable

for a more convenient lifestyle today. : :
Due to the coronavirus outbreak, which has afflicted the

entire world, people have been forced to stay at home. Consumer
perceptions of online shopping have shifted as a result of the
qumerous lockdowns that were put in place during the early stages gf
the pandemic. The e-commerce market in Indja: saw a seismic
upheaval as a result of the epidemic, which raised the sector’s
potential for 2021. _

Consumers are increasingly choosing online marketplaces
over traditional brick-and-mortar businesses, supermarkets, and
shopping centres for the purchase of goods ranging from basic
necessities to branded goods.

Social isolation has been used for a very long time to inhibit
the spread of a highly contagious disease, despite the fact that it may
seem novel. Customers are consequently less inclined to venture
outside to acquire needs, which fuels a continual flow of online sales.

This prompted a number of businesses and small shops to
move online, which aided in the industry's further expansion. It has
also been reported that on various e-commerce platforms, the number
of first-time buyers who had previously been put off from shopping
online has dramatically increased
: As is correctly noted, some people may find optimism even
:f:) the :nost. dire situations. The virus outbreak caused the Indian e-

mmerce industry to undergo a sea change. According to a study,

Indian e-commerce would inc fr illi
hillion in 2026, rease from $30 billion in 2017 to $200
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Creativity

Dr. Jvotsna Gadpayle
Assistant Professor
Department of Education
St Thomas College. Bhilai. Durg. Chhattisgarh

Introduction
Creativity includes the ability to come up with new ideas and
wse information and goals in novel ways. It can involve big ideas that
change the world. such as imventing tools that affect people’s lives, or
amall creative acts. such as finding new ways to perform tasks in

evervday life
Creativity is the phenomenon of creating something new and
. aluable The objects created can be intangible (ideas. scientific
theories. musical works. jokes. etc.) or physical objects (inventions,
printed works of Iterature. paintings, e1c.).
Creativity is defined as the tendency 0 develop or perceive

\deas. alternatives. or possibilities that may help solve problems.
communicate with others. and entertain oneself and others.

Three reasons o be creative:
| Need for novel. varied. and complex stimulation.
2 Need to communicate ideas and values.
i Need 1o solve problems.
The English word creariviry comes from the Latin termcare,
o create. make ™
Definitions of Creativity
The dictiomary definition usually refers to creating something
© whereas creativity usually involves recombining and modifying

104

existing ieas. Definitions in education range
nniimwﬂ.&gnlaﬁn-li ems. [ro

creativity to scientific breakthrough ideas. According to
Csikszentmihalyi (1996), most commercial programs aimed ot
increasing individual creativity focus on divergent thinking which s
g?sﬁﬁnsgagiiﬁ!ﬁg.ﬁl

idea). i

;u”nﬂu_s_w:_moaag_wi&

1. Persons who express unusual thoughts. who are ik«
stimulating - in short, people who appear 1o be unusually bright.

2. People who experience the world in novel and onginal ways.
These are personally creative individuals whose perceptions are

fresh. whose judgments are insightful, and who may make

important discoveries that only they know about.

3. Individuals who have changed our culture in some important
way. Because their achievement is by definition human. it 1 Is easier
to write about them. (e.g., Leonardo. Edison. Picasso. Einstein.

etc.)

Creativity is any act, idea, or product that changes an existing
domain, or that transforms an existing domain into a new one... What
counts is whether the novelty he or she produces is accepted for
inclusion in the domain.™

Characteristics of the creative personality:

I. Creative individuals have a great deal of energy, but they are
also often quiet and at rest.

2. Creative individuals tend to be smart, yet also naive at the same
time.

3. Creative individuals have a combination of playfulness and
discipline, or responsibility and irresponsibility.

4. Creative individuals alterate between imagination and fantasy
at one end. and a rooted sense of reality at the other.

105
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S Urestive people seem 1o harbaor opposite lendengies on the

comstinuum hetween extmoversson and minwerson
Creative mdivaduals are also remurkably humble and proud a
the e i

T Creatrve mdivaduals 10 a cortam extent escape ngid gender role

sterentypng and iemd 1o androgyvny.

Gienerally. creative people are thought 1o be rebellious and

independent

Most creative persons are very passionate about their work,

vet they can also be extremely objective about it

The openness and sensitivaty of creative individuals often expose
them to suffening pan yet also a great deal of enjoyment.

Two pamary components of creativity include:

Originality: The idea should be something new that is not simply
an extension of something else that already exists.
Functionality: The wdea needs 10 work or possess some degree
of usefulness.

Some of these key traits include:

Emnergy: Creative people possess a great deal of physical and
mental energy. However. they also spend a great deal of time
gueetly thunking and reflecting.
Intelligence: Psychologists have long believed
that imtclligence plays a critical rolc in creativity. In Terman'’s
famous Jongitudinal study of gifted children. researchers found
that whale 2 hugh IQ was necessary for greal creativity. not all
people with high IQs are creative. Csikszentmihalyi believes
that creative people must be smart. but they must be capable of
lookang at things in fresh. even naive, ways.
Discipline: Creative people do not just sit around waiting for
wwsperation 1o strike. They are playful. yet they are also disciplined
s the pursuit of therr work and passions. m
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Types of Creativity

Expents also distinguish between different types of creativity

The ™ tour- C model of creativity suggests that there are four different

types:
I

- 4

3.

4

19

3.

b
e
-
IR
.““..mwnwv,.? ;

Mini-C Creativity: ideas and msights that are personally
meaningful and are only known 1o the sell

Little-C Creativity: everyday problem-solving and critical
thinking. and the ability 1o adapt 1o changing environments.
Pro-C Creativity: creative within the context of their field.
though do not gain eminence for their work

Big-C Creativity: creating works or ideas within a particular
ficld that are largely recognized and considered great.

Creative thinking involves four stages:

. Preparation: At this stage. the thinker formulates the problem

and gathers the facts and materials that are deemed necessary
to find new solutions. Even after days. weeks. or months of
focused effort. we often cannot solve the problem. If the problem
is notresolved. the thinker then tums away and proceeds to the
next stage.

Incubation: During this time. some of the ideas that were
blocking the solution tended 1o fade away. At this stage. there is
no obvious activity and sometimes even thoughts about the
problem. However. the unconscious thought processes
associated with creative thinking are at work during this time.
The thinker will be busy with other activities like reading literanure

Qvfﬁsmgﬂ.%.gsﬂ%#i!i
finding a solution to the problem will be going on in the mind.

Hlumination: Following the period of incubation creat: ¢ eas
occur suddenly. Consequently. the obscure thing becomes clear

This sudden flash of the solution is known as illummation and = £

107
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sumukar 10 an “aha (eureka) expenence. For example, Archimedes
found the solution 1o the crown problem

4 Verification: A solution i~ obtaned in the lighting stage. but we
need o verify whether this solution is correct. So in this last
step. the solution is evaluated. If the solution is not satisfactory,
the thinker goes hack to the creative process from the beginning.

It st is sauistactory. the same will be accepted and if necessary,
nunor modifications may also be made o the solution.
Creativity Test
Creativity tests are usually divided into four main components:
Divergent thinking. convergent thinking, artistic evaluation, and
Divergent thinking is the ability to consciously generate new
ideas that lead to many possible solutions to a particular problem.
These solutions or responses are scored against four components:
I Originality: statstical infrequency of response.
2 Fluency: number of responses.
3 Flexibility: the degree of difference of the responses, in other
words, do they come from a single domain or multiple domains.
4. Elaboration: the amount of detail in the response.
Convergent thinking is the ability to correctly hone in on the
single comrect solution to a problem. In creativity convergent thinking
often requires taking a novel approach to the _uBEna. seeing the

problem from a different perspective, or making a unique association
between parts of the problem. These solutions are evaluated as right

 erwrong.

istic reviews are reviews of works of art (paintings, stories,

mpositions, collages. drawings, etc.). Judging is usually done

o mor of her judges who must closely agree on the creativity

108
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Self-assessment 1s a person’s response to the |
percerve lo be exerting. vﬂﬂ_u-n!ll!f :
they think a person is exhibiting.
Assessment of Creativity X
Creative behaviour and expression, like other beky
possess their basic components in the form of cognitive
affective behaviour. Consequently. we can label a
the extent to which he can demonstrate creative 0
feeling, and behaviour. For this, we l
approaches.
I. Making use of tests of creativity.
2. Making use of non-testing devices obsery
scales. personality inventory. checkli
Creativity Tests
We have used creativity tests for lak
qﬂﬁssaég%ﬂ;i
in_.._.n En...:.:_:m-moigﬂu‘i :
Tests Standardized Abroad
zsaﬁnﬁﬁuﬁa—ﬁ%g .

Remote Associate Test. ;
Wallach and __nunl. n_uliﬁ

el
s
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As mentioned earlier. creatvity is a complex combination of
multiple skills and traits. Therefore, all creative tests always attempt 1o
capture these abilities and traits with the help of verbal and nonverbal
test stems. The factors or dimensions involved are fluency. flexibility,
onginality. divergent thinking. and sophistication.

Let us now illustrate the measurement of the creativity component
using two of his creativity tests. the standardized test abroad and the
standardized testin India.

Torrance Test of Creative Thinking: It consists of two tests,
averhal test. and a non-verhal test. Developed by the famous American
psychologist E. Paul Torrance. this test can be used to test the creativity
of children from kinderganen through high school.

For testing creativity through non-verbal and verbal
performance. Torrance has thus developed figural forms A and B and
verbal forms A and B (Forms B are the equivalent altematives of the
forms A).

The Figural Form (nonverbal testing device ). The activities
required in this test are non-verbal.  Subjects are required to perform
a specific non-verbal activity. H. Draw a picture or do something
according to the test itemi. This test has three sub-tests as described
below:

1. Figure or picture completion test: In this sub-test. there are
some incomplete figures. The subject is asked to complete these
figures in whatever way he desires.

Picture or figural construction test: In this sub-test, the
subject is provided with a piece of colored paper cut in a curved
shape and asked to think of a figure or picture of which this
piece of paper may be a part.

3. Parallel lines test: In this sub-test. there are several pairs of
straight lines. The subject is required to draw as many objects
or pictures by using such a pair.

I
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The verbal forms (used as a verbal testing device ) The subtest

items of this form require respondents to provide written responses
Six subtests are containing the following types of activities:

I

2

Asking type: Here the subject is encouraged to reveal his ability
to perceive all things that are not normally perceived by others.
Guess cause and guess consequences types: Here the
subject is encouraged to reveal his ability to formulate hypotheses
concerning cause and effect. i.e. what is behind the situation in
the picture, and what its consequence may be.

Product Improvement Type: The subjects are asked 1w
suggest ways and means to improve a toy. a machine. or other
products.

Unusual Uses Type: These are meant 1o test the divergence
about the ways of using a product. Here the subjects have 1o

tell about as many unusual uses as they can point out 1o use a

product,

Unusual Questions Type: Here for a particular object or
verbal description, the subjects are required to ask as many

unusual questions as they can.

Just Suppose Type: The subjects are required 10 predict
outcomes of unusual situations. The responses of the subject
are scored iu:#!&.ﬁ!mgoﬁg._ﬁg%ncﬂi

,..nmeu: and then his total score is computed for providing an
estimate of his overall creative potential.

Baquer Mehdi's Tests of Creativity: This test has been

developed by Dr. Baquer Mehdi. It is published by the National

Psychological Association Agra. There are four
i verbal subtests and
three nonverbal subtests. This oral form has four subtests:

Test (duration 12 minutes). In this rest. the
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I What would happen if we could fly like a bird?

Il What would have happened if your school had wheels?
M What would happen if you do not have any need for food?

| Unusual uses test (duration 15 minutes). Itincludes test items
hike-Write as many novels as. interesting and usual uses for
objects like a piece of stone, a wooden stick. or water.

New relationship test (duration 15 minutes). It has the test

items below.

Think of as many relationships between the following pairs of

words. as possible. (1) Tree. house (ii) Air, Water (i) Chair,

ladder.
3 Product improvement test (duration 6 minutes). It consists
of test items like as below:
You have a toy horse. Now think of many new things or features
that can make it more interesting and useful.
Non-verbal Sub-tests: The three sub-tests of this category
are of the following types:

{a) Picture construction test: (duration 20 minutes). It contains
test items like below:

There are two geometrical figures a semi-circle and a rhombus.
Construct and elaborate pictures using each figure as an integral
part. For each picture assign a separate title.

(b) Line figure completion test: (duration 15 minutes). Below
the figure. there are 10 incomplete line drawings. You have to
draw interesting and meaningful pictures using each of them.
Also. give a suitable title for each of your creations.

(¢) Picture construction test: (duration 10 minutes). There are

I

T even triangles and seven ellipses here. Use these diagrams in

~ multiple associations to create interesting images with different

. 112
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All these creauvity tests assess verbal and non-verbal activities
in terms Of relevant creative skills such as fluency. onginality, Mexibiliry.
and sophistication, as outlined above. A high score on this creative
test increases the likelihood that a subject will be declared creative,
However. such explanations may require further support from the resulis
of evaluations performed on other test devices.

Use of Non-Testing Devices
The creative aspect of a child can also be assessed through
some non-testing devices like the Natural observation method.
Situational techniques, Rating scale, Checkhist Interview, Personality
inventories, Interest inventories. and Attitude scales. Aptitude tests.
Value schedules, Projective techniques. and so on. These devices help
in the revelation of those personality traits and behavioral charactenstics
that are supposed (o be present in a creative child.  Some of these
traits are identified by the research workers in the field of creativity,
which are mentioned below:
Personality and Behavioural Characteristics of a Creative
Child
1. Demonstrates originality in ideas and actions.
2. Is more adaptable as well as adventurous.
3. Possesses good memory and broad knowledge background.
4. Possesses a high degree of keenness. attentiveness. alertness.
and power of concentration.

Is very curious about nature.

o @

and discomfort.

Possesses foresightedness in abundance.

Has the capacity to take independent decisions.
m#oim interest in ..ﬂmcnunn-a__ﬁnﬂm&ul. .

Sewx
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Possesses little tolerance for boredom but greater for ambiguity
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1 Shows preferences for complesity, mcompletencss, asymimetry,
anad open mndedness

17 Possesses o lugh degree of sensitivity towards problems.

13 Canexpress hus weas as fluently as possible

14 Shows flexababity m hes thinkg, feeling, and behaviour,

15 Demonstrates the abwliy o transter leaming or waming from or

situation o another.

16 Demonstrates very rich imagimation charactenized as ‘creative
TAEton

17 Idwvergent and diversified in his thinking that i1s convergent and
stereotyped

I8 Possesses the ability o elaborate, 1.e. to work out the details of

an wdea, plan, or outhine.

19 Is not fnghtened by the unknown, the mystenous, and the
puzzhing and on the contrary 1s - often atracted towards it

20 Welcomes novelty of designs or new solutions to a problem
gets enthused and suggests other ideas.
Methods of Developing Creativity among children

Creativity, as a natural endowment. needs stimulation and

nounshment.  Most of the creative talent. if not given proper training,

education. and opportunities for creative expression, results in wastage,
Morenwver, creativity, as we have emphasized earlier, is universal. It's
nodt the monopoly of a few geniuses, Each of us has a certain amount
of creative power. [n a democratic system like ours, genius isn’t the
only thing needed 1o create, manifest, and produce. Some people,
whether mediocre or below average. need to think constructively and
creatively.

Therefore. it becomes essential for the teachers as well as parents
1 realize the need of providing a proper environment and creating
condions for complete growth and development of the creative abilities

114

- =
R

. | 115

Learney & Learming o

of children The basic problem s vital, but there i asolution. 1t es m
the propes stumulation and nurturing of the abilities that seenm related
o developig creativity, Originality, Hexibiliny, weational fluency
divergent thinking, sell-confidence, persistence, sensitiveness. ability
1o see the relationship and make associations, etc. some abilities we
attached o creative output. The following few suggestions can work
satisfactonly m the stunulation and nourishment of these abilities.

Freedom to Respond

Most often we, teachers and parents, expect a routine type of
fixed response from our children and thus kil the very creative spark
by breeding conformity and passivity. Therefore, we should allow
adequate freedom to our children in responding 1o a situation. They
should be encouraged to think about as many ideas as they may lor
the solution to a problem. Also, we must let them have thewr way when
they strongly need a particular sort of novel expression.

Opportunity for Ego Involvement

The feclings like “Itis my creation™, Thave solved it”, give much
satisfaction 1o children. They can only be expected 1o put thewr
determined efforts into creative activities when their ego is mvolved.
1.e.. When I feel that a particular creative work is due 10 my efforts.

Therefore, we need to provide opportunities for children to experience
the satisfaction of being objects.

Encouraging Originality and Flexibility

Originality on the part of children in any form should be
encouraged. Oomﬁ.n:. submission to the facts, unadulterated copying.
Passive reception, and rote memorization discourage creative
nuﬂq.umm_oa and therefore, it should be checked as far as possible. In
solving a problem or leaming a task if they need to change thesr methoxs
on_mﬂaamﬂao_qmnu&oﬂdrg.gﬂﬂagnﬂnﬁiﬁﬁax. _
doit. Adequate training can also be given by making them answer
problems like: How would you dig the carth if you don 't have 1 58
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O how would you draw an angle 1f you do not have the proper
westrument for deawang 1 O how would you cross a niver if there s

no bowdge over it
Removal of Hesitation and Fear

Maost of the tme (especially in a country like ours where the
mienonty complex is oo strong ) there is a great deal of hesitation
mxed with an inferionty complex and fear of taking the initiative of
creative expression. We, generally, listen to comments like 1 know
what | mean, but cannot write or speak before others.™ The causes of
such besitation and fear should be discovered and removed as far as
possable. The teachers and parents should persuade such children to
say o wnite something. anything. no matter how crude it may be.

Developing Healthy Habits Among Children

Diligence, perseverance. reliability. and self-confidence are some
ol the rauts that lend themselves 1o creative achievement. Therefore, it
s Becessany 1o help children absorb these qualities. Additionally, they
need to confront criticism of their creative expression. You should feel
that everything you make is unique and expresses what you want to
CAprCSS.

Using the Creative Resources of the Community
Chuldren should be made o visit the centers of creativity for

scientific and industrial creative works. It can stimulate and inspire

them for doing some creative work. Occasionally. creative artists,

creative scientists, and creative persons from other fields may also be
imvited w schools. It can help enhance the span of the knowledge of

our children and kindle the spark of creativity among them.
Avoidance of Blocks to Creative Thinking

C onservatism. teaching methods of faculty and meﬂ..ﬁ.
meomsaderte reatment. rigid and ngid work habits, fear and frustration,
Sgh-performance standards for low-level tasks. over-emphasis on
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school performance. and authoritaranism of teachers and parents
factors such as positive attinudes are known Harmiul 1o fostermg _
children’s creativity. Therefore, parents and teachers should try b avosd
such factors as much as possible in the upbringing of children.

Reform in the Evaluation System

Our education system is full of exams. Therefore. the zrading
system nceds to be properly reformed 1o encourage creativity.
Abandoning the emphasis on memorization, rigid single-answers,
convergent thinking, etc. that destroy children’s creativity, and
introducing appropriate assessment systems to achieve a complete
and balanced approach in the development of children's creative
behaviors. Experience should be encouraged.
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of psychology was prepared for the purpose of
3 and informing readers about the present state of

science research and practice. This book is

R recent contribution in a long tradition of the
~ presentation of an account of the important historical
- developments and landmarks in the field of psychology.

One of the book's main aims is to help students better
understand themselves so that they may better react to the
requirements and problems of the modern world. Its mﬂ
is to help students acquire the knowledge and abilities
they'll need to successfully navigate the demands of the
working world. With that in mind, this curriculum is
designed to provide students with the knowledge and
abilities they'll need to adapt to a dynamic world, both in
' and out of the classroom and the workplace. .

------
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Current applications of biomolecules
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Abbreviation

ATP adenosine triphosphate

BAP  benzylaminopurine

CcT computerized tomography

CTL cytotoxic T lymphocytes

DHA docosahexaenoic acid

DNA deoxyribose nucleic acid

DOPA  dihydroxyphenylalanine

ds double-stranded

EC enzyme COMMission

FDA Food and Drug Administration
FRET  fluorescence resonance energy transfer
GA3 gibberellic acid

HIV human immunodeficiency virus

Lge low glutelin content

LGC low-glutelin cultivar

LNA locked nucleic acid

miRNA  microRNA

MRI  magnetic resonance imaging

MS Murashige and Skoog

MSG  monosodium glutamate

NAA naphthalene acetic acid

PCR  polymerase chain reaction

PTGS  postranscriptional gene silencing
RNA ribose nucleic acid

RNAi  RNA interference

SELEX systemic evolution of ligands by exponential enrichment
siRNA  small interfering ribose nucleic acid

20.1 Introduction

Where nature finishes producing its species, man begins, using natural things and with the help of this natre, 1o create an infimary
of species.

Leonardo da Vinct

In connection to the above-mentioned statement of Leonardo da Vinci, human civilization has witnessed the utilization
of products derived from plants- ,’micrmrgani.'.m—huscd biomolecules for medical applications and in other industries since

:"""""‘ of Biomolecules. biips: doLorg/ 101016/ NYTE-0- ALL-91684-4.00017-X
T © 3023 Flsevier Inc All rights meserved -
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ancient times | 1,2]. From a microorganism to a huge tree each living being possesses biological molecules. Thf!" are com
posed of nucleic acids (DNA/RNA), amino acids, proteins, carbohydrates, lipids, and plant secondary metabolites, and gy,
the chief building blocks of life and its defense system [3.4]. The unique structure and function “r.‘h".“ hlwflleu|e$ are
responsible for various physiological functions including reproducibility, sustainability, and montality in various life form,
[5.6]. The most interesting characteristic feature of biomolecules is their hierarchical organization through which they cap
produce rigid and flexible biological systems and biomaerials [7.8]. Natural evolution has led 1o extremely functions
assemblies of biomolecules that perform intricate tasks that are still unknown in many ways. For instance, the protein syp.
thesis machinery, in which the nanometer-sized ribosome self assembles itself to produce messenger RNA led to the pro.
duction of various peptides that performs numerous tasks in the living system [9].

Historically, biotechnology arose more than a 1000 years ago utilizing biological components. In the early period,
humans by his consciousness used several biological processes for the production of alcoholic beverages. dairy products,
vinegar, elc., which are currently known as fermentation products of microbes or microorganism-derived bmrr.mlcculcs [21.
The 20th century has a remarkable improvement in the field as various lives saving biomolecules have been introduced 1o
the world such as penicillin, as the first antibiotic in 1928 and interferons in 1950. Further, science has grown toward bio-
technological advancements afier the discovery of the double-helical structure of DNA and restriction enzymes; the bio-
molecules which driven the production of biological molecules [10]. And thereafier, the recombinant DNA technology
which is also known as genetic engineering brought insights into the fundamentals of many biochemical processes and
the progression of biotechnology in the health, pharma, agriculture, and food industries [10,11]. For instance, an enzyme
known as Dicer or endoribonuclease Dicer that cleaves double-stranded RNA into small dsRNA fragments named small
interfering RNAs has immense potential 1o make a revolution in the agricultural sector to fight against pests that are aggra-
vating in agriculture [12]. With the biotechnological development in the 1980s, new approaches were targeted for vaccine
productions which consist of proteins derived from pathogens such as viruses and bacteria [13]. In this case, usually, a
surrogate organism produced the proteins by expressing the gene encoding for the targeted protein [14). Amylase and
f-glucosidase have been introduced to the bioprocessing industries, enzymes that driven the decomposition of
cellulose-based polysaccharides into monomeric sugars, and have large-scale applications in the food, textiles, detergent,
and biofuel industry [15,16].

Recently, from the tree of biotechnology, another twig has been emerged as nanotechnology including medicine, engi-
neering, and life science. In these interdisciplinary sciences, nanoscale materials such as nanoparticles, nanofibers, and
nanotubes were combined with various biomolecules [17]. Various types of antibodies, biological cell receptor-ligands,
enzymes, pro-ieins, and several drugs have been immobilized on/within the biomaterial's surface for extensive diagnostic,
therapeutic, cell or tissue regeneration, and bioprocess applications [18]. Heparin immobilization on colloidal graphite
polymer surface is the very first example of biologically functional biomaterial [ 19]. Inline, different oxidase enzyme-based
electrodes, the basic components of biosensing devices, and electrochemical biosensors that are further used for disease
diagnosis were invented for biomedical applications [20]. Moreover, for tumor diagnosis, different biological molecules
such as arginine-glycine-aspartate peptides, folate, transferrin, or minute antibody fragments were surface-modified over
nanoparticles which facilitates specific cell targeting. Folate is an eminent biological molecule often used as a tumor cell-
targeting ligand and the chemical conjugation of this molecule onto the nanoparticle surface can extensively promote its
targeted delivery into tumor cells that finally triggers the overexpression of folate receptors [21]. Thus, the current chapter
provides insight into such ground-breaking developments in biological science merged with interdisciplinary science 1o
take benefit of the superior evolutionary biological components to engender new products for the welfare of the society
which has opened the gateway toward modemn biotechnology.

20.2 Applications of amino acid and peptides

Amino acids form the basic unit of the most abundant biomolecule of the living system called proteins. Chemically com-
posed of amino and carboxyl groups, amino acids have a plethora of applications and thus have considerable imiustriﬂ'
importance (Table 20.1) [22-31,33-42]. The most abundant use of amino acids is found in food industries. For centuries.
different amino acids have been used as food additives and flavor enhancers. The maost prominent ﬂ“mm;_. is the sodium
salt of L-glutamic acid (MSG) which is used as an additive to enhance the flavor of Spices, sauces, meal alnd fish. The
aromatic amino acid 1-phenylalanine is majorly used for the synthesis of aspartame, a low-calarie s\.weel-cr':er u-«ed in diet
drinks and food. Being a natural compound, and thus being safe, amino acids are also gelting used as Inn active in-m:dlml in
pharmaceutical and nutraceuticals. Among the major applications of amino acids. animal feeds also form a lar : share and
contribute 1o its rising industrial demand. The amino acids i-lysine, L-methionine, | -threonine ey H 1; g
important amino acids for addition in animal feed. Moreover, the sodium salts of the reaction |‘-'l’t'l-ll.uu:. of I'a?l:Hu:'i s with
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TABLE 20.1 Major applications of amino acids,

Amino acid
Glutamic acid

Lysine

Glycine
Arginine
Phenylalanine
Tyrosine
Threonine

Tryptophan

Alanine
Aspartic acid
Cysteine
Histidine
Isoleucine
Leucine
Proline
Sérine

Valine
Methionine

Glutamine

amino acids or protein hydrolysates
sifiers and are used in shampoos, skin cleansers,

A widespread function of amino acids
osmoprotectant which helps it to stabilize
proteins by increasing their melting lemperd
requiring recombinant protein sec

Curr i !
ent applications of biomolecules in biotechnology € hapter | 20 399

-

Major applications
Flavor enhancer as MsG

Food supplement to assist

calci i ; A
feed, and cosmetics um absorption and formation of collagen, pharmaceutical, animal

Flavor i .
4 ing agent, pharmaceuticals as a buffering agent in antacids, analgesics, and cosmetics
Pharmaceuti et : 4
o Toniating the rE‘fnldmg of recombinant proteins, ingredient in dental products

Food industry for the manufacture of ini : ; ; :
pharmaceutically active compounds aspartame, in infusion fluids, for chemical synthesis of

Dietary supplement, raw material for .-DOPA

Food additive, animal feed additive, pharmaceuticals

Food additive, animal feed additive, and pharmaceuticals including infusion liguids, injectables
Food supplements for muscle growth and bodybuilding

Food Jrnduslry for the manufacture of aspartame, manufacturing of polyaspanic acid, a fertilizer
synergist, pharmaceuticals, cosmetics

The lo_cvd industry as flour additives to enhance elasticity during baking, pharmaceuticals, cosmetics
for hair treatment, animal feed

Food supplement, pharmaceutical use as infusion liquids ‘

Food supplement for muscle strengthening, feed additive, and parenteral nutrition infusions

Food and animal feed additive, pharmaceutical, cosmetics

Food supplement for muscle growth, Used as an osmoprotectant and for parenteral nutrition in the
pharmaceutical industry

Food as a nutritional and flavoring agent, cosmetics as a moisturizing agent, pharmaceuticals

Food supplement for muscle growth, pharmaceuticals, a maisturizing component in skincare
cosmetics, animal feed

Food and animal feed additive, pharmaceutical
Food supplement and pharmaceuticals

shower gels, etc. [43].
is basically due to 1
the protein

retion and purification. R
s with 1
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form amino acid-surfactants which are effective skin-compatible cleaners and emul-
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Peptides, due to their various physiol
They are the naturally occurring
endogenous cnf}rmes and can also be
Part of many industrial sectors. The u
diabetes patients almosl a century ago
their proposed health benefits
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ed 1o be stable for a
functional pharmaceut
king them stab
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he body, continue to gain the attention of many researchers.
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a " ] El * 1 nj - . L
The use of immunogenic peptides for vaccine development is yet another promising application. A minimal microbial com

. ; and cost-effecti
ponent as peptides can provide long-lasting protection against the pathogen and isa safc.]gimnﬂ;)f o fcf:cnl e ;:l :E:pm.m
1o vaccine designing [48]. Peptides like transportan and penetratin are nlso.uw‘d in :r.nc de w;:p‘ e {401 S inside
the cell serving as an alternative to viral methods, or electroporation, microinjection, or lipo J

20.3 Biosignificance of microbial polysaccharides

Polysaccharides are one of the very important biomolecules that can exhibit oom!:ilex structure am_i a'-lvaﬂoi.lls fl-l.ncllogal activ-
ities [50]. There are plants, microbial, and animal sources of pnlysaocharides having fnany industri 1:_[::5'”1:_::lnlﬁ;i yntl_m_.c
polysaccharides are other altemates. Plant and animal polysaccharides are not suitable bocausn.: 0 ical environ-
mental concerns whereas synthetic polysaccharides are nonbiodegradable and may have a loxic effect [51). Therefore,
microbial polysaccharides are most suitable for the industrial demand and have some other advantages like wide muleculhr
weight diversity; chemical nature like acidic, neutral, and basic; various functional group reactions, eic. Several properties
are presented in Fig. 20.1. 7 7 :

The microbial polysaccharide is mostly obtained as exopolysaccharides excreted by the microbial cell either recover
from the growth medium or adhere to the cell. The microbial cell only needs a carbon source as a nutrient and simple
downstream processing 1o get pure form. The microbial polysaccharides are less explored than the plant polysaccharides
[52]. Microbial polysaccharide has both food and nonfood significance. Therefore, natural microbial polysaccharides are
focused molecules for use in the various industries in place of synthetic polymer [53].

Many microbes produce polysaccharides such as cyanobacteria, eubacteria, molds, yeast, algae, etc. Microbial poly-
saccharides show miracle properties like stabilizers, emulsifiers, gelling agents, adhesives, delivery agents, viscosifier,
thickeners, and so on. Therefore, these are highly demanded in the industries such as food, pharmaceutical, biomedical.
bakery, pup paper, textile, agriculture, paint, cosmetics, and plastics. Among the lots of microbial polysaccharides, some
like xanthan and dextran are used in the food industry; gellan as a gelling agent; f-p-glucans as immune building; hya-
luronic acid in cosmetics [54]. In recent years, new microbial polysaccharides are discovered and utilized in the different
signs of the day-to-day life. These polysaccharides are listed in Table 20.2 [55-86].

FIG. 20.1 Various properties of microbial polysaccharides
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TABLE 20.2 Biosignificance of microbial derived polysaccharides.

chharidu

.a\_lpmie

Beta-glucan

Cellulose

Chitin/chitosan

Curdlan

Dextran

Gellan
Hyaluronic acid
Levan

Mucilages

Polyhydroxy
butyrate

Pullulan

Schizophyllan
Scleroglucan

Welan

Kylinan (Acetani

Microbial source
Pseudomonas aeruginosa
Azotobacter vinelandii
Bacillus subtilis
Acetobacter xylinum
Acetobacter xylinum
Gluconacetobacter xylinus

Mucor rouxii, Aspergillus niger,
Trichoderma reesei, Colletotrichum
lindemuthianum, Rhizopus oryzae

Agrobacterium sp.

Lactic acid bacteria—Leuconosioc,
Lactobacillus, Streptococcus, Weissella,
Pediococcus

Leuconostoc mesenteroides X21
Sphingomonas paucimobilis
Sphingomonas elodea
Streptococcus zooepidemicus
Streptococci

Bacillus subtilis

Tanticharoenia sakaeratensis
Microcystis spp. (Cyanobacteria)
Bacillus sp.

Lactobacillus acidophilus
Isoptericola variabilis
Aureobasidium pullulans
Aureobasidium pullulans
Aureobasidium pullulans
Schizophyllum commune
Sclerotium spp.

Sclerotium rolfsii
Sphingomonas sp.

Xanthomonas campestiis
Xanthomonas campestns

Xanthomonas campestris

Acelobacter xylinum
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Biosignificance and scope

Gelling agent, viscosifier in food, pharma
industry

Biocontrol
Food, cosmetics

Food, pharma, medical

Agriculture, biomedical and pharma,
industrial—paper, lextile

Food, pharma, immunostimulator

Food, industrial

Pharma, industrial

Gelling agent—microbial media

Gelling agent—milk, bakery base food industry
Cosmetics, medicine

Water-retention ability, viscoelasticity
Antioxidant

immunomodulatory activity

Bacterial production—ecological benefits
Biodegradable plastic

Degradable biopolymet

Food industry

Baby care, skin contact, cosmetics
Pharma, biomedical, textile, agriculture
Oil recovery

Drug delivery, food additive, cosmetics,
pharma products, oil recovery,
biomedical—immunity, and antitumor

Pharma products, food industry

Cement additive—iluid loss agent, oil recovery
food industry—thickener

Improve soil fertility

Drug delivery, wastewater treatment, protein
delivery, tissue engineering, and food

packaging
Bakery products, beverages. dairy, dressings

syrup, loppings, sauces, polishes, pigments
textile, and pet food

Viscosifier and gelling agent in the food
inchustry
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20.4  Nucleic acid biotechnological applications

Nucleic acids are biopolymers, or large biomolecules, vital for all known sorts of life. Thc major part of modemn biologjey
and medical research forms a foundation for genome and forensic science, as well as the biotechnology and pharmaceyscy
industries; all depend on experimental studies of nucleic acids composition. DNA and RN.“ have h\j:cn rfl'clctwcly_ used for
the design and production of synthetic nanostructures, molecular switches, and l-'mﬂl'-'"fﬂ_"“"“' "“'"cf‘ of INcreasing com.
plexity because of highly defined interactions between them. Both DNA and RNA can display catalylic activity in varigy,
chemical reactions, bind to various molecules, and respond 1o chemical stimuli. They serve purposes beyond the Storage
and transfer of genetic information [87).

20.4.1  Synthetic primer

Synthetic primers comprise chemically synthesized oligonucleotides, usually of DNA, which can be customized 0 annea]
to a specific site on the template DNA. The primer spontancously hybridizes with the template byj Watsun-Cnck base
pairing in solution, before being reached out by DNA polymerase. The capacity to create and cualomue_ﬂynthcuc primers
has demonstrated an important tool essential for an assortment of molecular biological approaches invnlvl_ng lhg analysis of
DNA. Both the Sanger chain termination method and the “Next-Gen" method of DNA sequencing require primers to inj-
tiate the reaction.

The polymerase chain reaction (PCR) utilizes a couple of custom primers; these primers normally somewhere in the
range of 18 and 24 bases in length are used to direct the DNA elongation toward one another al opposite ends of the
sequence being amplified and must code for only the specific upstream and downstream sites of the sequence being
amplified. A primer that can bind to multiple regions along the DNA will amplify them all, eliminating the purpose of
PCR [88].

20.4.2 Locked nucleic acid

For viable adjustment of gene expression, the usefulness of LNA-modified oligonucleotides has been the idea for some
scientific investigations, and successful studies on LNA oligonucleotides for gene-silencing technologies.

LNA Antisense: The majority of the antisense experiments led with LNA have been centered on mRNA inhibition by
RNase H recruitment, although non-RNase H mechanisms have also been reported. Wahlestedt et al. first reported the
impacts of LNA as an antisense molecule by showing the feasibility of LNA to act as potent and nontoxic nucleic acid
modification in vivo [89].

LNA-Modified DNAzyme (LNAzymes) for RNA Targeting: DNAzymes are chemically dynamic DNA molecules thal
can function as a specific RNA endonuclease upon binding 10 a specific RNA sequence [90,91].

LNA-Modified siRNA (siLNA): Small interfering RNAs (siRNAs) have emerged as powerful candidates for an effi-
cient knockdown of gene expression in mammalian cells by the RNA-interference (RNAI) pathway [92].

MicroRNA targeting using LNA probes: MicroRNAs (miRNAs) constitute a class of short regulatory RNAs (ca. 22nt)
that control gene expression posttranscriptionally during development, differentiation, and metabolism [93,94].

20.4.3 DNA-based thermometer and pH meter

It is another strategy for observing the intracellular pH that exploits
antiparallel- 1o parallel-strand orientation. Besides utilizing DNA -based
rescence microscopy, we had the option to notice the pH changes in livin
change in color. These outcomes show that the DNA-based pH indicai
and 5.0 in living cells [95].

FRET and the transition in a DNA duplex from
hairpin parallel-stranded duplex in related to fluo-
& cells during apoptosis as an effectively identified
or ought to help detect pH changes between pHT.0

20.4.4 RNA interference technology

An evolutionarily conserved biological response 10 double-stranded RNA (dsRNA
specific homologous mRNA and biochemical reactions that
21-23 nucleotides from the long dsRNA which is known as RN
(PTGS) [96].

: ) for degradation of the sequence:
restate this phenomenon generate dsRNA fragments of
A mterference (RNAI) o posttranscriptional gene silencing
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An agicultural Cnnlcx! RNAI in pest-insect control thoroughly investigates its potential for the control of plant path
ogens. nemalo:ch. . mites, and 1o battle against diseases and parasites in helpful insects [97]. RNAI has become a
potential tool in the nutritional improvement of important crop plants. The degree of nutritionally desired components
has been 5“'-"3¢55f'_-lll)‘ manipulated in some of the crop plants, increasing carotenoid and flavonoid content in tomatoes
|°3-q'_;]' |.°w caffeine conkent in coffee [100], the low glutelin rice is preferred for the patients, which are on a restricted
protein diet. Thc IGW-g!utelln cultivar LGC-1 is ordinarily utilized as low-protein riches low-protein rice. This trait is con-
ferred by a single dominant mutation, low glutelin content] (Lgc1) [101], the significant potential of this high amylose
wheat 1o improve human health through its resistant starch content. By implication of RNAi, tearless onions have been
created by d‘-"‘-““l”"'“_g the degrees of lachrymatory factor synthase up to 1544-fold by preventing the conversion of 1-
propenyl sulfenic acid to LF [102]. The onions on chopping produce essentially lower levels of LF, the feature that
was desired from long for beating distress from onion [103,104].

Inhibition of growth and propagation of cancer cell is a challenge with major potential impact. RNA interference tech-
nology has been rapidly developed as a laboratory tool for the downregulation of the expression of a gene of interest.
Moreover, RNAi offers new potential for gene therapy for particular neoplasms by the specific inhibition of cancer-
associated targets [105].

20.4.5 Genetic vaccine

DNA vaccines have been successful in producing immune responses and protection in a wide variety of preclinical models
of viral, bacterial, and parasitic infections, and cancer. They give away to create reagents (antibodies and CTL), are tool
for studying mechanisms of antigen presentation, the part of cytokines, and the impacts of bacterial DNA in the generation
of immune responses, and give technology to the revelation of novel vaccine antigens [106].

Genetic vaccines may mimic few parts of the normal disease of host cells. In any case, microorganisms c
molecules, for example, LPS and a variety of soluble factors with capacity as adjuvants, alerting the immune system against
“threat” by inducing inflammation. The intensity of genetic vaccines may be altogether upgraded by emulating these
signals with engineered adjuvants such as QS21 | 107] or monophosphoryl lipid A (MPL) [108,109]. DNA plasmids without
adjuvant can incite remarkably strong immune responses 10 the encoded antigen. In part, this might be because of immune-

stimulatory sequences inside the DNA itself [110,1 11].

onlain surface

20.4.6 Aptamers

Nucleic acid aptamers are single strands of DNA or RNA (and chemically modified DNA or RNA) with a length in the
range of 10100 nucleotides, which are recognized from an in vitro selection process: “systemic evolution of ligands by
exponential enrichment (SELEX)" [112]. Aptamers are single-stranded nucleic acid molecules that have properties similar
to those of protein monoclonal antibodies, and along these lines are clear choices to long-established antibody-based diag-
nostic or biotechnological products for research, diagnostics, and therapy [113]. Aptamer is highly specific to the various

targets (Fig. 20.2).

A C

{) 3D structure form of functional aptamer; (C) Target aplamer complex

FIG. 202 Nucleic acid aptamer. (A) Aplamer sequence: 1
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Aptamers are used in various reasons like cell-SELEX: aptamers for cell mcmhruqc mulhmf;:?;?;?:;; ':::r:]-.rm for
biomarker discovery | 114, aptamer-based molecular beacons | | 15], optical molecular ImﬂF"f!Fl‘"' for drug delive .[;T-,H-;n
[116-118). aptamer-based nanoimaging agents for CT and MRI [114,119], aptamers 4s “h;';.fl" pae arﬂumcr-haﬁccl <01,
therapeutic aptamers in cancer therapy [121,122], aptamers in precision cancer medicines [123]. pro-
grammable hydrogels [124],

20.5 Enzymes and biotechnology

Enzymes are proteins that catalyze more than 5000 biochemical reaction types [125]. ,q nom:m_.lalurl: Fur EM“T::' the EC
numbers (for “Enzyme Commission™), has been developed by the International pn:on m: Bltfhcml-S");I Zﬂ ! lulttular
Biology. To represent the hierarchy of enzymatic activity, each enzyme is described l.?v:f EC l'u.llowehl] y : St-‘qurn:::e
of 4 numbers. That is, the primary number broadly classifies the enzyme that supported its mechanism while the opposite
digits add more and more specificity. : i
¢ In all stages of melabol.is:ennd hi)crhchcmica] reaction, enzymes play a crucial role as biocatal ysis. M_lcrqul . are
obtained from different microorganisms that are known to be superior enzymes, particularly for applications in indusiries
on commercial scales [126]. Enzymes are a crucial part of the industry because of their marl)‘_ favorable properties. The
event of commercial enzymes has depended heavily on the utilization of microbial sources. Microbes are useful because
they will produce economically briefly fermentations and cheap media. . _
Enzymes are utilized in the industry and other industrial applications when extremely specific catalysts are required.
Enzymes generally are limited within the number of reactions they need to be evolved to catalyze and also by their lack
of stability in organic solvents and at high temperatures. As a consequence, prolein engineering is a vigorous area
of research and involves attempts to make new enzymes with novel properties, either through rational design or
in vitro evolution [127,128]. Producing enzymes with unique properties like the ability 1o function under extreme
environmental conditions; alteration in enzyme properties to supply the specified function like Kinetic features of
enzyme-tumnover; thermal stability, enzyme activity in a nonaqueous solvent, reaction/substrate specificity. subunit
structure, eic., are the most objectives of enzyme engineering [129]. The various applications of enzymes are listed
in Table 20.3 [130-192).

20.6 Vitamins in biotechnology

Vitamins are the essential dietary substances important for overall health and nutrition. Depending on their solubility,
vitamins can be classified into two groups: water-soluble vitamins consisting of B group vitamins and vitamin C and
fat-soluble vitamins formed by vitamin A, vitamin D, vitamin E, and vitamin K. They play a variety of roles in the body,
such as supporting energy metabolism, normal vision, promoting the immune system, involved in the synthesis of blood-
clotting proteins, etc. [193). They are primarily consumed through food with fruits and vegetables as the main source and
are also commercially available in both natural and synthetic formulations. Based on the varied functions of vitamins in the

body, their numerous applications have been explored across different fields, including th . e
and personal care industries. g the healthcare, food, animal feed.

The rising consumer trend in adopting a healthy diet as a preventive healt
vitamins. The increase in the consumption of fortified, functional, and nu
market of vitamin-based foods. Suboptimal intake of the vitamin can lead 1o deficiency diseases like sc itami
C) or beriberi (vitamin D). Multivitamins supplements are frequently used both as a i Ide‘u.ul'_\*)' l\n'.u.mn
for chronic vitamin deficiency diseases [194]. Some vitamins are used in the food industry for | an r.unuw; mraaum
vitamin C is being used as a preservative and flavoring agent in many foods like frui 'u?ccs ulrlng i C'F;i
products, fishing products, and meats [195]. Vitamins are even supplemented - |ivci mck‘ -t‘Je ies, hreuld. .and bake
performance [196]. The growth of plants in vitro in plant tissue culture also r"'q“'lm‘-l\'im .“d 10 maximize "'"""'j_
used tissue culture media is Murashige and Skoog (MS) medium [197] in which “"i'lll-ninc nl_lns.11"_h¢ most frequently
and myo-inositol are the most commonly used. Vitamins have g huge application o ;hﬂlc‘mmw acid, m.”dntme:
industry as well [198]. Most of the vitamins are known to have significan antioxidans 1_;‘ f‘ﬂhﬂt‘lul care cosmelic
antiaging formulations to reduce the signs of aging. The popular derivative of vitamin .: etl_.'- and. i g
antiaging formulations. Similarly, vitamin C and vitamin E and their derivatives are erld : rcum.rl, is uu..ltlc..j 10 nuny
industry e ingredients of the cosmetic

hcare measure has fueled the demand for
traceutical food products has driven the
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[ABLE 20.3 Industrial and biotechnological applications of various enzymes.

Enzyme

madﬂr
warbﬂl!-lﬂ

Acylase
amidase

amylase

maginase
Catalase
Cellulase

Cyclodextrin
glycosyltransferase

Dextranase
Glucose isomerase
Clucose oxidase

Laccase

Lactase
Lignin peroxidase
Lipase

Microbial source
Brevibacillus

Escherichia

Rhodococcus, Bacillys, Aspergillus
Aspergillus

Bacillus

Escherichia
Aspergillus
Aspergillus

Clostridium

Bacillus

Leuconostoc

Bacillus

Aspergillus

Bacillus

Polyporus

Steccherinum
Lactobacillus
Phanerochaete, Coprinus
Aspergillus

Candida

43

Application In
Beverage

Penicillin synthesis
Waste management
Detergent

Waste management
Baking

Beverage

Detergent

Paper and pulp
Starch and fuel
Textile

Waste management
Phermaquetical
Detergent
Detergent

Textile

Pulp and paper
Starch and fuel

Phermaquetical
Starch and fuel
Bakery
Cosmetics
Textile
Beverage

Lactose removal (milk)

Waste management
Cosmelics

Waste management
Baking

Detergent
Transestenfication
Food

Leathes

Organic synthesis
Pulp and paper

Wasle management

o 405
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TABLE 20.3 Industrial and biotechnological applications of various enzymes—cont

Enrvme

Lipoxigenase
Manganese peroxidase
Mannanase
Mitrilase
Oxypenase
Pectate lyase
Pectinase
Penicillin acylase
Penicillin amidase
Peroxidase
Phospholipase
Phylase
Pollulanase

Protease

Subtilisin
Superoxide dismutase

Transglutaminase

Xylanase

P Giluc anase

Microbial source

Rhizopus

Phanerochaete, Coprinus
Bacillus

Bacillus

Pseudomonas, Rhodococcus
Bacillus

Aspergillus

Escherichia

Bacillus

Pseudomonas

Fusarium

Aspergillus

Klebsiella

Aspergillus

Bacillus

Chrysosporium

Corynebacterium glutamicum,
Lactobacillus plantarum

Streproverticillium
Aspergiflus

Clostridium
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d
Application in
Baking

Detergent
Transesterification
Food

Leather

Organic synthesis
Pulp and paper
Bakery

Waste management
Detergent

Organic synthesis
Waste management
Textile

Beverage, food
Phermaquetical
Phermaquetical
Textile

Bakery, fat and oil production
Animal feed

Starch and fuel production
Baking

Cosmetics

Food

Leather

Pulp and paper
Cosmetics

Detergent

Waste management

Paper and pulp production
Cosmelics

Bakery, food

Animal feed, bake
production, fyel

Animal feed

. Flm and puip
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20.7 Bioengineered lipids

the natural ucts lik : :
Among prad ¢ polysaccharides, protein, and lipids, fat and oil are the most underinvestigated. However,

tiy acids are common in nature, i
fatty available at very cheap cost, and are significant industrial materials [199]. Nowadays

lipids obtained from various sources have been engi i sy el i i
demands. A few of them are discussed Sl gineered, processed, and utilized in industries and other consumer

20.7.1 Solid lipid nanoparticles

Solid ipid aanoparticies are lipid n_ar_lm”ﬂ"“ made up of solid interiors and are suitable for the delivery of a wide range of
dr.ugs '[2E_IJ]. M“_"“"" every type of]lp|ds uses for the preparation of solid lipid nanoparticles such as monoglycerides, diglyc-
erides, triglycerides, waxes, steroids, liquid lipids, cationic lipids, and most important fatty acids [201]. It is the substitute
for SRS o= wnt!y available colloidal drug delivery systems such as liposomes and polymeric nanoparticles which are
having various d“’ad'f"a“mgtﬁ [202]. These nanoparticles are up to 1000nm in size having numerous benefits like wide
surface with small size, extended drug release, and better cellular entry, targeting, and capable of changing surface
properties [203].

With l:hl:sc advan.l.ages. solid lipid nanoparticles are not only highly demanded in drug delivery but also utilized in
clinical trials, cosmetics, and allied biopractices [204]). The characterization of solid lipid nanoparticles is possible for both
in vivo and in vitro and there are many administration routes of delivery like dermal, oral, pulmonary, ocular, parenteral,

and rectal [205]. The drug delivered for the treatment of some important diseases by the solid lipid nanoparticles is pre-
sented in Fig. 20.3 [38,206-225).

« Resveratrol [211]

. Alzheimer’s disease « Nicotinamide [212)
« Ritonavir [213]
Anti-HIV « Tenofovir [214]
* Docetaxel [215]
Cancer + S-Fluorouracil [216)
Conjunctivitis - Ketotifen [217]
: . Glimepiride [218]
Diabetes « Insulin [219]
Glaucoma = Betaxolol hydrochloride [220]
1 + Chloroquine [221]
Malaria » Dihydroartemisinin [222]

« Clotrimazole and Alphalipolic acid
M}'CM‘B (223]

Y « Glucocorticoid prednisolone [ 224]
Rheumatoid arthritls b e (225

Skin infection/ « Fluconazole [226]
Hkll:mpw  Triclosan (227
« Ethambutol [228]
Tuberculosis  Rifamplein [229]
' « Morphine [230]
Wound heallng + Retinoie scid [231]

anous di
FIG. 203 Drug delivered by the solid lipid nanopariicles (0 (he e T
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20.7.2  Single-cell oil

Animals, plants, and microorganisms-derived fats and oils fulfill tl:}_ T
concern are associated with the higher organism. Therefore, microbial i : . : { i
are a more suitable source of lipid ?Jroducfion [226]. Single-cell oils are edible oil Pmﬁ"::f :'I{:ma:;“f::i::tlalji? ;i";:";‘;‘rc
ganisms such as yeasts, fungi, and algae [227). Single-cell oils are also termed umcv:I ulal au; i l-
microorganisms that accumulate lipids (20%-25%) in their biomass are known as © c,‘iilgll:g ot g it vr: “-!E
growth phase of these microorganisms, lipid production takes place from the log phase i o AR Tor T ey
at the late stationary phase [228]. The acetyl-CoA obtained from the carbon mcdlurp fvﬂf“ﬂ‘f e --chain : pro-
duction of fatty acid with the aid of the enzyme ATP-citrate lyase. In the algae, and in some ulnga;sd 15 v acigf S
urated fatty acids can be synthesized from the saturated precursor. These long-chain polyunsa . . Y o dé S
DHA (docosahexaenoic acid) which is a very essential dietary component of the humfm quy. It is :‘inos m:»l: uring the
prenatal and postnatal stages for the proper development and function of the brgm, ws_ual. nnr m:jcu:: Drg?ns IZIQ],
Therefore, single-cell oils utilize in nutraceutical industries for the manufaclunng of infant ood. part from this,
single-cell oils also penetrate the industrial demands like biodiesel production and biopharmaceuticals [230].

e industrial demands but engineering and scale-up
pids produced by the yeasts, fungi, and alg,,

20.8 Hormones bioactivity

Hormones and hormone receptors have been an important field of basic research sinctf Ernest Starling first lnlmduccq the
word “hormone” in 1905. Rapid multidisciplinary research explored myriad applications of hormones to benefit society,
the most promising contribution being in managing human health. Insulin, for example, has been US_Gd for a long fo Dia-
betes mellitus patients, a metabolic disorder characterized by elevaled blood glucose levels due to improper secretion of
insulin from the pancreas [231). With the advent of recombinant DNA technology, hormones like recombinant human
insulin, growth hormone, erythropoietin (EPO), and other protein hormones are easily available for therapeutic uses; thus,
eliminating the problems of contaminants from animal or human sources [232]. Hormones are also given to livestock
animals for disease prevention and growth promotion [233]. Natural estrogen, progesterone, testosterone, and their syn-
thetic versions have been approved by the Food and Drug Administration (FDA) for use in beef cattle and sheep. These
drugs increase the animal’s growth rate and the efficiency of conversion of feed they eat into the meat.

Plant growth hormones have been an important component in agricultural production. Exogenous application of these
growth regulators to improve crop production is a common practice, especially to high-value fruit crops. They are known to
aid field fruit production, improve fruit quality which is appreciable 10 consumers, as well as extending its availability
[234]. Growth regulators such as naphthalene acetic acid (NAA), 6-benzylaminopurine (BAP), and gibberellic acid
(GA3) are used on fruit crops mainly to improve fruit characteristics like increase in fruit size and firmness, shape and
color improvement, reduction in the number of seeds, 1o reduce variability, and to prevent damage caused by storage
[235]. Plant hormones are also an essential part of plant tissue culture, a technique used for large-scale plant multiplication,
disease elimination, plant impmve{n:nl. germplasm conservation, and production of secondary metabolites. The develop-
mental pathway of plant Fcils and lnssucs m}hg culture ‘medlurrll is mainly determined by the type and amount of hormones
added to the culture medium. Auxins, cytokinins, and gibberellins are usually considered 1o be the most important for orga-
nized developn}ent in plant tissue and organ cu]u{rc..A similar application of hormones is found with animal cell culwre
technology. This technology has now become an indispensable tool in the field of life sciences, which el o

; . . i : 8, provides a basis to
study the proliferation, and differentiation of cells, and to perform genetic manipulation [236). Hormones like growth hor-
mones and insulin are used in the medium to enhance the proliferation of cells [237). i : B

20.9 Applications of flavonoids and alkaloids in biotechnology

Among biological molecules, secondary metabolites of plants/microbe . v ;
industrial sectors [238]. And among these natural pmduclt:.:s, Mavonoids :r ﬁ;r‘iﬁT:;clTr?‘ﬂanie in different r?‘li:-l.]li‘l.flal.
didates for lead molecules in drug discovery due 1o their valuable biological activity IP;U;::]Y proved as striking |l.3|'|-
nitrogenous bases with heterocyclically bound nitrogen are known as alkaloids, while pni ‘h |. In gcncrul. the nr;_.:.::u
nolic rings are considered as flavonoids and are further categorized into various sube| ﬂ“n);l'l Ent_ﬂs with at least two p :
Mavones, etc. [241,242]. The biotechnological applications of these biological mUltL:l.lllt:\ I Ew'l?c NG e :
prised industrial applications such as skin-care products and cosmetics (243). Moreover S particularly flavonouds, “m.|
as dyes in cotton fabrics [244,245). It has been utilized as an antiwrinkle ski " rewral flavonoids are also use:

igni st : nagent due 1o j oy oo (248
However, the most significant application of these biomolecules is in the healthcare h}%lct: um:":d“:“ lplmr:l - |I- 1|
stem and the held of medicine
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F:wmﬁ;:i:}ln:?:’il:':da:}::t:;i:gd:;mg with lipid peroxidation inhibition by flavonoids has been investigated [247]
e wih or as weak estrogen agoni ! agent. Moreover, it also takes action as antiproliferative agents [0 restrain wmor
. :ds can confer rmg . gums.wmmg':'m“s for modulating endogenous hormonal activity [248]. In such a way. Ma-
vonoids , protection against several chronic diseases like atherosclerosis and/or cancer and facilitate the man-
agement O rrncnf}p_ausnl symptoms. The very previous investigations have revealed few properties of polyphenols from
C‘amrﬂrils ":-eml;:e"::ffﬂmm to human health that includes a capillary-strengthening property and antioxidant property
mws;_l :si::l p tl_tlpmloctwg effect which is much necessary for this generation [249). Flavonoids have been used
mn:il;":a:ive MI!;vil;-les*'-‘lﬂi';;;;gcnts [250], also possessed antiangiogenic, antimicrobial, antiviral, antimalarial, and anti-

ﬂllu.londs apphl:almr!s can be found in various biotechnology-based industries and medicinal fields. For instance,
cocaine was the early discovered local anesthetic drug, tubocurarine was the first neuromuscular blocking agent. and
- ﬁrsi anumnlm.‘m] drug was quinine [254]. Recent discoveries of alkaloids with chief clinical pharmacological activities
consist of the anticancer compounds taxol from Taxus brevifolia and camptothecin from the tree C. amptotheca acuminata
[255,256]). The special interest nowadays in alkaloids is fluorescence-based analytics, the formation of biosensors, and the
transformation of molecules for its synthetic production [257).

20.10 Conclusions and future perspectives

The current chapter summarizes a juvenile and rapidly escalating research area located at the crossroads of molecular and
biomolecular sciences. A significant point of concerns is the functionalization of nanoparticles by means of evolutionary
optimized biological molecules. Since the biomolecules and nanoparticles typically meet at the minute and same length
scale, the interdisciplinary approach emerged will contribute to the establishment of a novel field: biomolecular tech-
nology/nanobiotechnology. The commercial applications of biological molecules are in trend. However, the interdisci-
plinary work conjugating with the biomolecules would have great potential for generating advanced techniques/
materials, which might lead to unique devices for signal transduction, sensing, catalysis, etc., currently being developed

for biomedical and industrial applications.
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Chapter 8

Application of essential oils in industries
and daily usage

Abstract: In the present time, people are getting more inclined toward natural com-
modities be it food, health, or medicine. One of the most exploited resources for natu-
ral well-being is plants and their essential olis (EOs). EOs are volatile substances
which have numerous applications by virtue of important biologically active com-
pounds like terpenes and other oxygenated derivatives. The applicability of EOs
ranges from food, textile, cosmetics to pharmaceutical industries. EOs directly or in-
directly are becoming a part of daily routine ranging from its use in skin or hair care
products to our food items as flavoring agents. These wide range of applications of
EOs are a consequence of its diverse properties and attributes. The use of EOs in food
sector is well known and validated. The antimicrobial, anti-inflammatory, antipara-
sitic, and analgesic properties of EOs enable them to be exploited by pharmaceutical
industries. They are getting used as complementary medicine to enhance the perme-
ability of certain drugs through skin. They are widely used even in cosmetic and tex-
tile industries for the fragrances it impart to the formulations apart from other
benefits. This chapter is designed to summarize the recent advancement in the re-
searches and applications on EOs which will facilitate stakeholders to reveal unex-
plored benefits of EOs.

Keywords: EOs, flavoring agent, natural preservative, medicinal applications, extraction

8.1 Introduction

Owing to the technological modernization of our society, lifestyle disorders have be-
come the most prevailing diseases in the present era. One of the primary causes of
these disorders is unhealthy food habits that include processed foods, artificial sweet-
eners, energy drinks, and fast foods [1]. Moreover, may it be fruits and vegetables,
processed food items, cosmetic products, or household items, most of the human pop-
ulations are prone to chemicals utilized in improving the quality or processing of these
items. Strong consumer awareness thus has developed about augmenting natural con-
stituents in day-to-day requirements. Consumers are more inclined toward purchase of
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products that are natural and in case of food items, minimally processed eatables are
preferred. Products with “chemical free” or “natural” taglines have become trending
advertising techniques by manufactures and certainly catching more attention from
consumers in recent years. Essential oils (EOs) are such natural compounds that are
being used since long for its associated aromas and gained significant attention due to
its other remarkable biological properties.

EOs are volatile odorous liquids obtained from different parts of plants like
leaves, stem, bark, flowers, buds, and seeds. They are the secondary metabolites of
aromatic plants having complex mixture of bicactive compounds which impart in-
credible biological properties to it like antimicrobial, antioxidant, anti-inflammatory,
analgesic, and insecticidal [2]. EOs are mainly composed of complex mixtures of hy-
drocarbons and oxygenated compounds whose composition varies in each plant spe-
cies. There are a number of methods to isolate these oils from plants like cold
pressing, solvent extraction, steam distillation, and hydrodistillation. However, to im-
provise the quality of E0s and to reduce extraction time newer technologies like mi-
crowave-assisted extraction, supercritical fluid extraction, and ulirasound-assisted
extraction have been standardized in various plant species [3].

The remarkable biological properties of EOs popularize its widespread applica-
tion in industries. The global EO market size was valued at USD 10.3 billion in 2021
and is expected to grow at a compound annual growth rate of 9.3% from 2021 to
2026 [4]. It is used as flavoring agent and natural preservative in food product thus
offering safety and increased shelf life to it. Moreover, due to their peculiar aroma,
EOs are an important part of perfume and fragrances industries and also impart
pleasant fragrances to cosmetic products, cleaning products, and industrial sol-
vents. EOs are also ufilized in pharmaceutical indusiries and in aromatherapy due
to their positive effects on human health [5]. Out of 3,000 EOs identified from differ-
ent plant species, about 150 are found to be commercially important and are sold in
global market [6]. Thus, the review will give an insight on the recent developments
in the EOs research and their potential application in daily life and industries.

8.2 Components of essential oil

EOs are primarily secondary metabolites with a complex chemical composition. The
primary metabolites; carbohydrates, proteins, lipids, and nucleic acids contribute
very little to the production of EOs. However, some EOs may be considered as deg-
radative products of lipids. Various factors contribute in influencing the chemical
composition of EOs, environmental factors being the most significant.

Every EO has its own complex chemical profile which decides its odor, taste,
and ultimately its applicability. All the chemical components work synergistically
to make it effective as an EO. Almost all EOs are basically composed of two major
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components: hydrocarbons and oxygenated compounds. Hydrocarbons constitute
the most significant portion of all EOs and the most important hydrocarbon being
the terpenoids which make up almost 80% of the EQO composition. The other lesser
significant component being oxygenated compounds.

8.2.1 Terpenes

One of the essential and important constituents of Eos are terpenes. They are made
of 5-carbon units called isoprene. Some of the terpenes based on number of iso-
prenes are monoterpenes (C,,), sesquiterpenes (C,:), and diterpenes (C,,). Each ED
has its own unique and significant fragrance, flavor, and piquant, all of which are
contributed by the highly aromatic terpenes; the most abundant being monoter-
penes and sesquiterpenes. Monoterpenes are the predominant terpenes in EOs.
They are small, low molecular weight compounds. These highly volatile and non-
viscous components impart strong aroma in EOs. Sesquiterpenes are big molecules
with high molecular weight. Although their quantity is significantly less than
monoterpenes, their increased stahility is responsible for less volatility and en-
hanced aroma of EOs. Both monoterpenes and sesquiterpenes possess significant
biological activity thereby making EOs of therapeutic importance.

8.2.2 Oxygenated compounds

All EOs in addition to terpenes also contain nonterpenic compounds called oxygen-
ated compounds, whose composition varies on types of EOs. These compounds
apart from possessing a variety of bioactive properties offer flavor and odor to EOs.
They include esters, alcohols, aldehydes, esters, ethers, oxides, phenols, acids, ace-
tals, and lactones.

EOs are estimated to contain about 300 different types of compounds with myr-
iad biological properties making them potentially applicable and valuable in vari-
ous domains of industries.

8.3 Essential oils in pharmaceutical industry

EOs are important in pharmaceutical industries because of their ability to demon-
strate various properties like anti-inflammatory, antiseptic, antimicrobial, anticarci-
nogenic, and many more. All these properties enable them to be emphasized for
development and discovery of novel drugs and antimicrobial agents. Many different
EOs possess inhibitory action against a range of microbial etiological agents and
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therefore are being used for the treatment of various diseases since ancient times.
However, recently pharmaceutical industries engaged in production of different anti-
biotics and drugs are facing the grave problem of multidrug resistance. Hence, the
antimicrobial components of various EOs may offer a decent opportunity to overcome
the multidrug resistance problem and can form an integral part of novel drug discov-
ery program due to their effectiveness against broad spectrum of microbes.

8.3.1 Essential oils as antioxidants

Aging is a natural phenomenon and associated with aging and reportedly other de-
generative diseases like cancer, diabetes, and cardiovascular diseases are the leading
problem of oxidative stress. Moreover, in the recent years, humans are constantly at
high risk due to their exposure to exogenous sources of free radicals. The problem of
oxidative stress is usually dealt with antioxidant defense mechanisms of the body and
of course defenses provided by dietary ingredients. Among the dietary ingredients is
EOs whose terpene components possess antioxidant potential due to their free radical
scavenging capacity. Many EOs sourced from aromatic species of Lamiaceae family
are rich in antioxidants. Some EOs also contain phenols which are responsible for
ameliorating the negative effects of free radicals. The active constituents in EOs are set
to exhibit myriad capacities to manage the oxidative stress like reduction of metal ion,
scavenging of free radicals, and preventing/delaying of lipid oxidation.

Strongest antioxidant activities are exhibited by EOs containing phenolic groups
or metabolites carrying conjugated double bonds. For instance, cinnamon, clove,
thyme, oregano, and basil EOs have superior antioxidant properties [7] due to the
presence of phenolic groups. It is believed that phenolic structures are significant in
decomposition of peroxides and neutralization of free radicals owing to their strong
redox properties. Nevertheless, the antioxidant properties of EOs are also contributed
by other constituents like alcohols, ketones, aldehydes, and ethers.

Many chronic diseases like cancer, diabetes, asthma, brain dysfunction, and
atherosclerosis are a result of cellular damage caused by free radicals. Hence, the
free radical scavenging property of EOs plays a pivotal role in pharmaceutical in-
dustries for prevention or treatment of such diseases. Some of the significant EOs
with antioxidant properties are geranial, isomenthone, a-terpinene, menthone, cit-
ronellal, 1,8-cineole, a-terpinolene, and so on.

One of the chronic diseases which has been attracting the therapeutic potential
of EOs is cancer. These pharmacologically important EOs constituents possess myr-
iad anficancer or cancer protective atiributes. EOs may display these properties by
following different ways:

- Activating detoxifying enzymes in lungs [8]
- Inhibiting carcinogenesis by activating glutathione S-transferases [9]
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~  Inducing apoptosis of immature nerve cells which otherwise may cause neuro-
blastoma [10]

- Decreasing resistance of cancer cells to anticancer drugs [11]

- Lowering toxicity of anticancer agents to healthy cells [12]

- Exhibiting cytotoxic activity toward cancerous cells [13]

All these mechanisms of actions explain the therapeutic values of EOs as cancer
protective agents. Although EOs alone cannot be considered for targeting cancerous
cells, but their role in fighting cancer in combination with conventional therapeutic
strategies however cannot be ignored.

8.3.2 Essential oils as skin penetration boosters

There are many methods of administering drugs into the human system. Some are
delivered intravenously, some subcutaneously and others intramuscularly. How-
ever, there are several reasons for drugs to be delivered topically or through trans-
dermal route. One of the reasons might be that the drugs need to avoid the initial
passage through hepatic system, some drugs might need to maintain constant con-
centration in the blood plasma or some drugs probably might need to be discharged
quickly after their metabolism through urine. Some drugs which are required to ex-
hibit low metabolism are usually administered through transdermal route. How-
ever, the human skin acts as a natural barrier for many such drugs.

The special structure of skin layers especially the outermost layer functions in
protecting the underlyingskin tissues from dehydration, infection, and other factors
like stress. This ability of the skin epidermal layer restricts the effective transdermal
penetration of many drugs and hence drug penetration enhancers are required
which work by disrupting the skin lipid layer and/or by promoting partitioning.
Skin penetration enhancers act in a temporary reversible manner thereby enhanc-
ing diffusion of drugs effectively and faster [14]. The most important factor which
decides superiority of skin penetration enhancers is that it should exhibit both bio-
compatibility and also drug compatibility. It should be pharmacologically inert
with good solvent properties.

There are many chemical compounds which have been detected to possess pen-
etration enhancing properties. However, their poor skin permeability requires them
to be used in higher doses to maintain their activity which no doubt reportedly
cause severe side effects like skin irritation and cytotoxicity. The use of these less
efficient chemical penetration enhancers is limited sighting safety issues.

EOs serve as good alternatives as skin penetration enhancers for both hydrophilic
and lipophilic drugs. The constituents in EOs improve the permeation of drugs and
some are reportedly known to enhance their activity too. They are considered GRAS
(generally regarded as safe) thereby aiding as transdermal delivery systems for drugs.
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Some EQs serve as successful penetration enhancers by decreasing the polarity of lipo-
philic drugs (Table 8.1). Some help in removing the lipid layer on the skin and others
help in enhancing penetration by triggering denaturation of keratin layer thereby
causing reversible skin protein composition change for easy diffusibility of drugs.

Table 8.1: Essential oils as skin permeation boosters.

$.no. Plant name Bioactive constituents Permeation booster used for drug
1 Aloe vera 3,6-Octatriene, 3- Losartan potassium (antihypertensive drug)
cyclohexanal-1-methanol,
bornylene
Cuminum B-Pinene, ocimene,
cyminum y-terpinene, safranal
Melaleuca y-Terpinene, terpinene-
olternifolia 4-01, o-pinene
2 Cinnamoemum Cinnamaldehyde, coumaric  Ibuprofen (NSID)
VErum acid, eugenol
3 Syzygium Eugenol, caryophyllene,
aromaticum eugenyl acetate
& Eucalyptus 1,8-Cineole, p-cymene, Chlorhexidine digluconate (antiseptic)
globulus eucamalol, linalool, 2,3,5,6-tetramethylpyrazine (for treating
citronellol cardiovascular disarders)
5 Mentha Menthol, menthone, Ketoconazole (antifungal)
piperita menthyl acetate, f-pinene
& Citrus limon  Terpenes, limonene, citral, Felodipine (antihypertensive)
geranyl acetate
7 Boswellia o-Pinene, myrcene, Chuanxiong
serata sabinene, limonene,
o-thujene
Commiphora  B-Elemene, p-bourbonene
myrrha
8 Pogostemon  y-Guaiene, seychellene, Indomethacin (NSID)
cablin w-patchoulene, o-bulnesene
9 Salvia o-Pinene, 1,8-cineole, Diclofenac sodium (MS10)
rosmarinus camphor
10 Sinapsis alba  Allylisothiocyanate, thymol, 5-Fluorouracil (antineoplastic), paeonol (anti-

limonene, octadecacene

inflammatory)
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Table 8.1 (continued)

5. no. Plant name Bioactive constituents Permeation booster used for drug
11 Guatheria Methyl salicylate, Geniposide (hepatoprotective), (antidiabetic)
procumbens  triacontane, formaldehyde,
gawtheriline
12 Zanthoxylum  Limonene, linalool, linalyl  Indomethacin (NSID)

bungeanum anthranilate, 4-terpinenol

8.3.3 Essential oils as anti-inflammatory agents

Another property of EOs which makes their applicability for pharmaceutical use
more appealing is there anti-inflammatory and analgesic property. Infection or in-
jury leads to an inducible protective response called inflammation which helps
combat external invaders of the body. A typical inflammatory response causes gen-
eration of free radicals called reactive nitrogen species (RNS) which are responsible
for combating the invading organism. Nevertheless, overproduced RNS may also
damage the inflammatory sites and trigger the action of a series of unwanted
reactions.

There are currently many chemical agents especially nonsteroidal anti-inflamma-
tory agents in use. Many diseases like arthritis, diabetes, and other autoimmune dis-
eases demand regular use of these nonsteroidal agents and other corticosteroids
triggering a number of serious side effects. Hypersensitivity, stomach ulcers, weight
gain, and indigestion are a few to mention. Reports suggest that prolonged usage of
corticosteroids lead to malfunctioning of various important glands and renal disor-
ders. EOs act as noninvasive therapeutics and provide an excellent strategy for the
treatment of chronic inflammatory responses. They are currently being considered to
provide and edge over conventional chemical anti-inflammatory agents.

Infection caused by many bacterial agents especially gram-negative pathogens
induces inflammation. This lipopolysaccharide-induced inflammation is the result
of the synthesis of prostaglandins by blood monocytes. There are many isoenzymes
of cyclooxygenases responsible for the constitutive synthesis of prostaglandins.
However, cyclooxygenase-2 isoform is only induced upon inflammatory stimulation
due to lipopolysaccharides of gram-negative pathogens indicating its role as inflam-
mation-specific enzyme. Hence, treatment strategies for many inflammatory disorders
are currently targeting cyclooxygenase-2 inhibitors. Neveriheless, the nonsteroidal
anti-inflammatory drugs are proving unsuccessful due to reports of risk of myocardial
infarction, stroke, and other cardiovascular side effects. Studies have revealed the role
of EQ constituents to drastically reduce the synthesis of prostaglandins, for instance;
EOs from Cha maecyparis obtusa reportedly possessed ameliorating effects as an anti-
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inflammatory agent by affecting prostaglandins synthesis by blood monocytes. The
terpenes, elemol, and sabinene present in Chamaecyparis obtusa, Cryptomaria japon-
ica, and Hyptis pectinafa, reportedly are said to be responsible for selectively targeting
cyclooxygenase-2? enzyme and hence inhibiting prostaglandin synthesis. Also, these
terpenes were also responsible for inhibiting the production of nitric oxide, cytokines,
and interleukins (IL-1 and IL-6); all of which induce inflammation [15, 16]. Similarly
EOs of lemon grass mediate its anti-inflammatory effect by suppressing cyclooxygen-
ase-2 promoter thereby inhibiting cyclooxygenase-2 gene expression [17].

EOs function as anti-inflammatory agents by interacting with anti-inflammatory
cascade response involving cytokines and other factors like nitric oxide and prosta-
glandins (Table 8.2). The anti-inflammatory attributes of EOs can be explained by
their effect on arachidonic acid metabolism or on cytokine production or by modify-

ing the pro-inflammatory gene expression patterns.

Table 8.2: Essential oils as anti-inflammatory agents.

S.no. Plant name  Bioactive constituents Use
1 Salvia Linaloal, linalyl acetate, Regulates menstrual problems, eases tension
officinalis germacrene D, 4 geranyl muscle cramps, and controls dry skin, acne,
and wrinkles.
2 Evcalyptus Cineole, terpinene, cymene, Regulates nervous system, headache, and
globulus phyllandrene, pinene used to treat respiratory diseases.
3 Pelargonium Eugenol, geranic, Best perfume, used in soaps, control
gravealens  citronellol, linalol, emotions, anxiety, stress, and sedative.
methone, sabinene
& Lavandula Camphor, B-ocimene, 1-8-  Causes depression, sedative, cures sleep
officinalis cineole, terpinene-4-01 pattern, increases mental alertness, and
SUPPrEsSes agEression.
5 Citrus limon  Terpenes, limonene, Astringent, detoxifying properties, causes
phyllandrene blemishes, and boosts immune system.
f Mentha Carvenol, menthol, Relieves pain spasms, arthritis.
piperita carvone, menthone
7 Anthemis Esters of angelic acid, tiglic Calms emaotions, anti-inflammatory, relieves
maobilis acid, 2-Methyl butanoic anxiety, and stress.
acid
g Rosmarinus  Borneol, camphor, cineol, Relieves indigestion, pain, sleep disorders,
officinalis pinene, camphene and skin toxic.
) Melalevca Terpinen-4-01, o-sahine, Cures insect bites, dandruff, and herpes.
alternifolia cineole
10 Cananga Geranyl acetate, linalol, Retards heart beat, antidepressant, feeling of
odorata geraniol methyl chavicol well-being.
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8.3.4 EOs as antibacterial agents

Since historical times EOs are being used to treat various types of diseases which can
be attributed to their antimicrobial property. But presently, man is not only tackling
with new diseases but also is grappling with the issue of multidrug resistance. Many
EOQs contain constituents which possess antiviral, antiparasitic, antifungal, and anti-
bacterial properties. They are being considered as potential source of antimicrobial
compounds as they have the ability to address the problem of antibiotic resistance.
EOs and their constituents for that matter are hydrophobic in nature, a property
which enables them to partition with cell membrane and mitochondrial lipids of the
invading organism making the membrane more permeable. This disturbance in mem-
brane integrity renders loss in cell structure and eventually death. Some constituents
are involved in modulating the efflux mechanism of organisms especially gram-
negative bacteria affecting their drug resistance pattern [18]. EOs has an edge over
antibiotics as antimicrobial agents as they have a complex composition which makes
development of resistance tougher against them. Also, antibiotics in order to exhibit
their antimicrobial activity need to make direct contact. But on the other hand, some
EOs need not make direct contact and also since they can exist in highly active vapor
phase can function as antifungal agents [19].

Another significant feature of EOs which makes them more applicable as antibac-
terial agents is their wide range of chemical compounds enabling them to have multi-
ple targets. Some EOs act by disintegrating the outer membranes, and some act by
depleting the intracellular ATP while some act deep inside the target cells by gaining
access through the periplasm. It is believed that EOs abundant in phenols or alde-
hydes usually are better antibacterial agents. Thymol, eugenol, citral, and cinnamal-
dehyde are some phenol and aldehyde derivatives of EOs which possess highest
antibacterial activities followed by EOs containing alcohol derivatives [20]. The high
antibacterial activity of phenol/aldehyde containing EOs can be attributed to the
presence of hydroxyl group which are the prime source of disrupting the periplasmic
membrane and hence, cell death due to leakage of cell contents. Many important
pathogens like Pseudomonas, Bacillus, Staphylococcus, Listeria, Escherichia, Salmo-
nella, Clostridium, Lactobacillus, and Helicobacter are acted upon by phenolic/alde-
hyde-containing EOs suggesting that such EOs display antibacterial effect against
wide range of bacteria which include both gram-positive and gram-negative species.
However, presence of outer membrane and lipopolysaccharide structures in gram-
negative bacteria makes the action of EOs less effective probably due to the restricted
movement of hydrophobic compounds across the lipopolysaccharide.
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8.4 Application of essential oils in food industry

Food is the basic necessity of mankind. Food commodities need to be prevented from
microbial infestation during its postharvest storage. Moreover, with the moderniza-
tion of society and technological advancements, people are inclined more toward
precooked, processed food that can save both labor and time. Maintenance of food
quality amid its processing and storage is the major challenge of food industry. Also,
rising demand of good quality food product with natural ingredients has prompted
the use of EOs in food products. EOs are mainly augmented in food products to
mainly serve two purposes first to add flavors to the food and second as natural pre-
servative due to its antimicrobial and antioxidant properties. EOs have already been
used to enhance flavors of food for centuries. Due its strong aroma, EOs are used to
mask the odd flavors generated due to processing of food, thereby increasing the pal-
atability of product. The use of EOs as a food additive has been approved as substan-
ces generally recognized as safe by US Food and Drug Admistration [21].

Owing to the various other potential characteristic properties of EOs like antibac-
terial, antifungal, and antioxidant it has widely used in food industries and even myr-
iad of researches are still revealing the potential of newer uncommon EOs to be
utilized in food industries (Table 8.3). Antimicrobial agents prevent the natural spoil-
age of food and also controls the growth of invading microorganism thus offering
both preservation and safety of food [22]. The efficacy of EOs as natural food preser-
vative has been tested in many food products like bakery products, fruits and vegeta-
bles, and meat products. Mishra et al. [23] reviewed the literature reporting the
potential of EOs in dairy products. It was found that EOs from oregano, clove, thyme,
and orange had powerful inhibitory activity against bacteria and yeasts. Addition of
EOs to dairy products both enhanced the aroma of product and imparted antimicro-
bial properties to it making it more consumer acceptable. Similarly addition of EOs to
fruits and vegetables helps to extend its shelf life. The primary problem of associated
with fruits and vegetables is its fungal spoilage. Researchers have come up showing
reduction in microorganism count by the use of EOS in fruits. Viuda-Martos et al. [24]
reported significant antifungal activities of clove, thyme, and oregano against Asper-
gillus niger and Aspergillus flavus which are related to food spoilage. Incorporation of
EOs in fruit juices along with physical treatment like mild heat or pulsed electric field
can help in preservation of fruit juices for longer time [25]. In addition to above-
mentioned categories of food products meat and its products also hold a significant
share in processed food industries and are very vulnerable to spoilage. Shaltout and
Koura [26] reported the use of thyme oil at concentration of 1% and cinnamon oil at
2% as preservative of minced meat to increase its shelf life. Antibacterial activity of
basil EQ was evaluated in Italian-type sausage by Gaio et al. [27]. In the study the
activity of EOs was tested against 18 microorganisms and for all the microorganisms
EOQs was effective except Pseudomonas aeruginosa. The minimum inhibitory concen-
tration was found between 0.25 and 1.00 mg/g.
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EOs inspite of having an array of beneficial characteristics, its volatibilty and hy-
drophobic nature makes it difficult to be directly used in food systems. Nanotechnol-
ogv has been reported as a solution for delivery system of EOs that could protect the
active compounds against degradation and can enhance its efficacy in food system.
Manoencapsulation protects EOs against deteriorating factors like light, moisture,
pH, and also during processing and storage. It also helps to solubilize lipophilic com-
pounds in agqueous media and to release them in the target location [28]. Liao et al.
[29] reviewed the research work reported in relation to the methods of nanoencapsu-
lation of EOs for their improvised delivery into food products. The efficacy of various
methods has been tested but spray-drying and freeze-drying are widely used in the
food industry [30]. Delivery of EOs in fruit juices has been tested by Bento et al. [31],
by chitosan-based nanotechnology where they encapsulated sweet orange EO using
chitosan nanoemulsions as nanocarrier and evaluated its antimicrobial activity in
combination with mild heat and found the strategy effective for bactericidal action in
fruit juices.

Table 8.3: Potential uses of some essential oils in foods.

Essential  Scientific name Parts Uses References

oil used

Basil Ocimum Aerial Flavoring, antimicrobial, and  Li and Chang [32]
basilicum part antioxidant agent

Cinnamon Cinnamomum Bark and Flavoring, antimicrobial, and  Cardoso-Ugarte et al.

reylanicum leaves antioxidant agent [33]

Clove Syzygium Flowers Flavoring, antimicrobial, and  Haro-Gonzilez et al
aromaticum L. antioxidant agent [34]

Cumin Nigella sativa Seeds Flavoring and food Hassanien et al. [35]

preservative

Fennel Foeniculum Seeds Flavoring, antimicrobial, and  Diao et al. [36]
vulgare Mill. antioxidant agent

Garlic Allium sativum  Cloves Flavoring, antimicrobial, Khan et al. [37]
L. antioxidant agent

Lavender Lavandula Flower Antimicrobial Wells et al. [38]
species

Leman Citrus limon L. Fruit Flavoring, preservative Klimek-Szczykutowicz

et al. [39]

Leman Cymbopogon Leaves Preservative Faheem et al. [40]

Grass sp.

Oregano Origanum sp. Aerial Flavoring, antimicrobial, Rodriguez-Garcia et al.

part antioxidant agent [41]
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Table 8.3 (continued)

Essential  Scientific name Parts Uses References

oil used

Peppermint Mentha piperita  Leaves Flavoring Mayak et al. [42]
L.

Rosemary Rosmarinus Leaves Flavoring, antimicrobial, and  Hernandez et al. [43]
officinalis L. antioxidant

Thyme Thymus Leaves Flavoring, antimicrobial, and  Stahl-Biskup and
vulgaris L. antioxidant Venskutonis, [44]

8.5 Application of EOs in cosmetics

Cosmetics have become an obligatory part of modern life style. Its trending usage by
both women and men has ignited the global cosmetic demand of 5.3% from 2021 to
2027. The market size valued in 2019 was $380.2 billion [45]. Cosmetic manufacturers
are always innovative in advertising the product that can seek consumers attention.
EOs have proved to be an effective promotion tool as being a natural compound it is
easily acceptable while at the same time justifying its use by its incredible properties.
In Cosmetic industry, EOs are majorly used for their pleasant fragrances and as natural
preservative. Fragrances are important factor in selection of any cosmetic product and
also it aids to overcome the unpleasant odor of other ingredients of cosmetic formula-
tions. Some of the high-valued EOs used as fragrances are citrus, lavender, eucalyptus,
tea tree, and other floral oils while linalool, geraniol, limonene, citronellol, and citral
are much-appreciated fragrance components used in different cosmetics [46].

Due to the presence of pharmacologically important compounds in EOs it has
antibacterial, antifungal, and antioxidant properties which impart various benefi-
cial effects to skin and hair (Table 8.4). It can also be exploited in cosmetic products
as natural preservative which can reduce the addition of synthetic preservative in the
products. Muyima et al. [47] tested the potential of Artemisia afra, Pteronia incana,
Lavandula officinalis, and Rosmarinus officinalis EOs as natural cosmetic preserva-
tives in an aqueous cream formulation. The results showed the potential of plant EOs
to be used as natural preservatives against E. coli, Ps. aeruginosa, S. aureus, Ra. pick-
eitii, C. albicans, and A. niger in cosmetic products.

Even though EOs have always proved to have beneficial effects on skin and
hair, new researches are always coming up that keep testing uncommon EO proper-
ties and manufactures can improvise and upgrade their product and its advertising
strategy by adding newer ingredients to their product. Choi et al. [48] reported the
antiwrinkle activity of Chrysanthemum boreale MAKINO EO (CBMEQ). EO and juice
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from bergamot and sweet orange was found to improve Acne Vulgaris, prevalent
dermatologic disease effecting 80% of young individuals [49]. EOs were found to
decrease the growth rate of sebaceous gland spots and reduce the release of inflam-
matory cytokines thereby promoting apoptosis in the sebaceous gland. Curcuma
longa EO proved to have antiaging effects on skin. It was found to reduce cutaneous
photoaging in a UVB-irradiated nude mouse model suggesting its application in
cosmetic products [50].

Table 8.4: Application of essential oils in skin and hair care.

Application Essential oil

Functions

References

Skin care Sandalwood Conditions and brightens skin, and antiaging  Francois-Newton
et al. [51]
Chamomile  Antiaging and antiacne Guzman and Lucia
[52]
Rosemary Skin hydration and antiaging Montenegro et al.,
[53]
Bergamot Antiacne and repairs UV-induced damage Forlot and Pevet [54]
Sweet Antiacne Sun et al. [49]
orange
Hair care FPeppermint  Hair growth Oh et al. [55]
oil
Rosemary Promotes hair growth and nourishes the hair Panahi et al. [56]
Bergamaot Antidandruff Abelan et al. [57]
Lavender Hair growth and conditioning Guzman and Lucia
[52]
Tea tree Antidandruff Yadav et al. [58]

Lemon grass

Strengthens hair follicles and promotes hair
growth

Goyal et al. [59]

8.6 Essential oils in active and intelligent food

packaging industries

The rise in living standards, increase in awareness, and consciousness about health is
making people opt for packaged foods. Packaged food industry is an important global
business. Packaging is intended to keep the food safe, fresh, and hygienic till it
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reaches the customer along the supply chain. Hence, packaging materials play crucial
role in protecting the food product from external environment. Packaging industries
were earlier dominated with synthetic polymers like polyvinylchloride polyethylene
terephthalate and other petrochemical-based plastics. Nevertheless, health and envi-
ronmental concerns paved way for ideas called active and intelligent packaging. The
strategy of active packaging basically involves prolonging the shelf life of foods by ar-
resting microbial growth, preventing food oxidation, removing moisture, and prevent-
ing other food safety risks. Whereas intelligent packaging encompasses materials with
the ability to monitor the condition of the packaged food.

These advancements in active and intelligent packaging have led to the incorpo-
ration of various chemicals as additives in the packaging material. However, the pres-
ence of chemicals as an active agent in the packaging material such as ethylene
absorbers to arrest ripening of fruits, moisture control agents to control water activity
and thereafter microbial growth, oxygen scavengers to the decelerate oxidative reac-
tions which otherwise may cause food deterioration and carbon dioxide absorbers or
emitters to retard microbial growth in meat and poultry products, is proving a matter of
concemn. These chemicals can cause adverse health effects therefore leading to novel,
yet sustainable alternatives such as incorporation of natural bioactive compounds. EOs
are currently being considered as the promptest solution and alternative to this.

EOs are being considered as active ingredients in active food packaging due to
their antimicrobial and antioxidant properties prolonging the shelf life of foods.
EOs are recently being incorporated into active packaging as coatings which are ap-
plied on food surface or as films used as wrapping material or covers. Incorporating
EOs into packaging material provides many benefits like
1. Improvement of tensile strength: This probably could be due to the role of phe-

nols present in EOs in reorganizing and improving the cross-linking pattern of

packaging matrix.

2. Improvement of barrier and permeation properties: These properties are important
for maintaining increased product quality and is dependent on hydrophobicity
and hydrophilicity ratio of the packaging material in order to control the vapor
pressure. The hydrophobic nature of EOQ constituents when incorporated into hy-
drophilic packaging matrix enhances the barmrier properties.

3. Improvement in optical properties: Optical properties of packaging material ef-
fect the protective function of food product and hence various optical proper-
ties like color, gloss, and transparency are significant. Incorporation of EOs
into the packaging material not only impacts the color of the material but also
functions as barriers against UV light.

4. Improvement of food quality: EOs possess antioxidative properties and when
these EOs are incorporated into the packaging material the antioxidants present
in the EOs prevent the food from spoilage due to oxidation. They also contain
antibacterial agents which increase the shelf life of food product preventing mi-
crobial growth.
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In meat and pouliry industries, incorporating EOs into the packaging material with
antioxidant property is said to release them into the product, preventing or delaying
lipid oxidation. The antioxidants do so by binding or absorbing oxygen in and
around the product. This use of EO in such industries is proving a bone and good
cost-effective alternative to prevent foodbome illness and outbreaks. Many EOs de-
rived from different plants are being used to be incorporated into the packaging ma-
terial as they are considered as GRAS by FDA. For example, Rosmarinus officinalis,
Matricaria chamomilla, and Ocimum basilicum.

EOs from bergamot and EOs containing linalool, which have a strong antibacte-
rial effect, are being used in packaging material for food products like chicken and
cabbage to prevent food spoilage by E. coli, B. cereus, and Listeria monocytogenes.
Food packaging materials incorporated with cinnamon EQO with antifungal proper-
ties are being used to prevent growth of important fungi like Aspergillus, Penicil-
lium, and Eurotium which otherwise deteriorate food quality especially acidic foods.

Horticultural products are highly prone to fast deterioration and hence huge
loss due to wastage. Food packing industries have worked out on this problem to
minimize economic loss incurred due to spoilage and wastage of fruits and vegeta-
bles. Currently the packaging material or the corrugated cardboardsare widely
being used as inexpensive and sustainable packaging material incorporated with
encapsulated EOs. These encapsulated EOs are engaged in release of antimicrobial
agents which are controlled by relative humidity and temperature within the pack-
aging material thereby preventing these perishable products from spoilage. ED
which are incorporated into foot packaging material have the ability to be released
in a slow and control manner into the food to display their efficacy as an agent to
suffice their shelf life and also in maintaining the organoleptic properties of the
food [60].

8.7 Essential oils in textile industry

Functional textiles are the textiles materials developed to impart new functions to
the product to meet the end use requirement apart from its basic use. The func-
tional finishing decipher new properties to the fabric such as antimicrobial activity,
antibiotic, antiwrinkle, UV resistance, photocatalytic activity, and flame retardency
[61]. EOs have a great potency to be used in textile finishing due to the “green” and
biodegradable nature which can possibly augment or replace the chemical agents
used in textile industries. They are becoming increasingly popular because of their
low toxicity and strong costumer approval. EOs are mainly reported to be used as
functional agents for making fragrant textiles, antimicrobial textiles, biomedical
textiles, and mosquito-repellent textiles.
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8.7.1 Aroma-finished textiles

Fragrance finishing of textiles is often useful in aromatherapy. Perfumed textiles
even provide greater acceptance by end consumer due its pleasant fragrances. Sri-
vastava and Srivastava [62] impregnated citronella and lemongrass oil on wool and
silk fabric and outcomes were assessed by olfactrometery analysis which reported
long retention of aroma upto 20 wash cycles. Khanna et al. [63] infused EOs of lav-
ender, eucalyptus, peppermint, jasmine, cedarwood, and clove to cotton fabric di-
rectly and with anchors as cyclodexirin both in native and modified form like
monochlorotriazine-B-cyclodextrin. These aromated fabrics were studied for the re-
tention time of oils in the fabrics and found that the presence of anchoring host pro-
vided better retention time and slower release of oils form fabric as compared to
direct application of EOs.

8.7.2 Mosquito-repellent textiles

Various EOs have also been reported to have mosquito-repellent properties and
used widely due its eco-friendly nature [64]. A number of researches have been re-
poried with infusing EOs in fabrics to develop mosquito-repellent textiles and also
found to be functional. Specos et al. [65] developed microcapsules containing citro-
nella EO applied it to cotton textiles. Assessment of repellent activity of fabric was
done by exposure of a human hand and arm covered with the treated textiles to
Aedes aegypti mosquitoes. Tested fabric showed a long-lasting protection from in-
sects. Litsea, lemon, and rosemary EOs were applied to polyester and cotton fabrics
by Soroh et al. [66] to access their mosquito-repellent activity which was found to
be 71.43%.

8.7.3 Antimicrobial textiles

External factors like high humidity, temperature, and insufficient air circulation en-
hance the growth of microorganisms in textiles containing natural fibers, for exam-
ple, cotton and linen fabrics, flax, and hemp nonwovens [67]. EOs are becoming
increasingly popular to develop antimicrobial textile because of being natural, safe,
and eco-friendly perspective. Antimicrobial textiles are useful in apparels like jack-
ets, sanitary pads, sportswear, and winter wear; health care like lab coats, bandage,
mask, and protective kits and in households like curtains, covers, carpet, and tow-
els. Walentowska and Foksowicz-Flaczyk [68] tested thyme EO on linen cotton-
blended fabric and linen fabric to form antibacterial textile. Thyme EO applied as
8% concentration in methanol to linen cotton-blended fabric showed very high an-
tibacterial and antifungal activity. Chitosan microencapsulation of sandalwood and
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eucalyptus EOs was reported by Javid et al. [61] to enhance the functional properties
of cotton fabric. They carried out emulsive fabrication of chitosan microcapsules
encapsulating EOs which was applied on a bleached, desized mercerized cotton
fabric. The finished fabric retained antibacterial activity and also the activity in-
creased with increasing concentration of EOs.

8.7.4 Biomedical textiles

Medical textiles are formulated to be used to provide wound healing and other medi-
cal benefits of EOs to the consumers. Their use may range from simple bandages to
prostheses of body implants such as artificial heart, heart valve, blood vessel, and
skin. Copaiba EQ were added to cotton fabric by Aruda et al. [69], which was tested
for its healing enhancement potential. Gong et al. [70] prepared thermosensitive hy-
drogel and micelles loaded with curcumin and was prepared and applied for cutane-
ous wound repair. Rafiq et al. [71] developed of sodium alginate/PVA antibacterial
nanofibers by the incorporation of cinnamon, clove, and lavender EOs. Nanofibers
with 1.5% cinnamon oil showed highest antimicrobial properties and the nanofi-
brous-coated cotton gauze validated its potential to be used for wound dressings due
its considerable liquid absorption and antibacterial activity.

8.8 Conclusion

EOs are volatile substances of plant origin. They have plethora of applications in
many areas ranging from medicine, pharmaceuticals, cosmetics, perfumes, food
and food packaging, general health, therapeutics, and so on. EOs are composed of
terpenes, alcohols aldehydes, esters, and many other bicactive components. These
bioactive and helpful components of EOs are currently receiving enormous atten-
tion making them widely applicable in various industries. EOs are finding immense
applicability in food industries either as an active ingredient of food product or as
an important constituent of food packaging materials. EOs are characterized by
their strong aroma and fragrance, and this very asset makes their applicability
more prominent in cosmetic and perfumery indusiries. EOs and their distinctive
bioactive compounds are being considered as effective and safe alternative thera-
peutics to conventional therapeutic strategies. The antioxidant, anti-inflammatory,
antimicrobial, and antiparasitic atiributes of EOs have extended the applicability to
health care, personal care, food, and pharmaceutical industries. Therefore, EOs
which are bestowed with natural, useful biological and medicinal properties are
hence making consumers inclined toward them and finding permanent place in
modern world. But still many more EOs still needs to be explored which can be
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utilized in indusiries as alternative to the synthetic chemicals and even in day-to-
day life. Yet some researchers report a number of constraints in the use of EOs com-
mercially. The researchers need to be more focused toward the toxicity profiling of
components of EOs so health promoting benefits can be availed from EOs easily
and safely.
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Abstract

Costus speciosus (Koen ex. Retz.) Sm. 1s an important medicinal
plant widely used in several indigenous systems of medicine for the
treatment of various ailments. The present study was attempted to
detect potential interaction of phytoconstituents present in Costus
speciosus (Koen ex. Retz.) Sm. with protein targets involved in
Diabetes mellitus and anti-oxidant properties. C. speciosus comprises
of many potent bioactive compounds, out of which three wviz,
Costunolide, Diosgenin and Eremanthin were opted for in-silico
study, to determine their activity as antioxidants and anti-diabetic
agents. Molecular docking was carried out against three antioxidant
target proteins (GPx, CAT and SOD) and four target proteins
involved in Diabetes mellitus (AR, IR, DPP-IV and PTP-beta). The
docking interaction between the phytochemicals and their potential
protein targets was carried oot by using AutoDock Vina software, and
for visualization PyMol and Discovery Studio Visualizer 2.0 were
used. Out of the three compounds, Diosgenin showed higher binding
affinity against target proteins and can thus be considered as a potent
agent for drug development.

Kevywords: Costus speciosus, phytochemicals, Costunolide,
Diosgenin, Eremanthin, Molecular docking.
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Introduction

Costus speciosus, (Koen Ex. Retz.) Sm., commonly known as “crepe
ginger” or “spiral ginger” belongs to the family Zingiberaceae of
order Zingiberales and has been used as a potent medicinal plant since
ancient times in various couniries. The plant has been found to have
certain active ingredients, making it an excellent choice for treating
various ailments. C. speciosus 1s also known as an "insulin plant” due
to its anti-diabetic properties. It has gained even more interest due to
the presence of metabolite diosgenin, which is a potent precursor of
steroids and can be used for the commercial synthesis of the same.
The demand for this plant i1s increasing in the drug industry as it
thrives as a rich source of complementary and alternative metabolites
against synthetic drugs with side effects. The plant is widely
distributed throughout various continents like Africa, North America,
and Oceania; however, it is native to Asian countries including, India,
Bangladesh, China, Bhutan, Malaysia, Indonesia, Sri Lanka, Hong
Kong, Philippines, Taiwan, Nepal, Vietnam, Thailand, and
Myanmar.[1]

Diosgenin, a phytochemical present in of C. speciosus 18 a steroidal
sapogenin, and previous studies have shown that it has many
biological activities, such as hypolipidemic, anti-inflammatory, anti-
proliferative, hypoglycemic activity, and as a potent anti-oxidant
[2,3.4]. Costunolide and eremanthin are sesquiterpene compounds
which are known to possess antifungal, anti-cancer [5], anti-
inflammatory [6], and anti-oxidant properties [7].

Antioxidants are a group of substances that are present at small
concentrations in relation to oxidized substances, significantly
stopping or delaying the oxidation process [8]. Oxygen prefers to
accept its electrons one at a ime, leading to the generation of reactive
oxygen species (ROS) [9]; Examples of ROS include peroxides,
superoxide, hydroxyl radical, singlet oxvgen, and alpha-oxygen.
These ROS play various roles in oxidative stress involved in various
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diseases. Antioxidants provide protection against oxidative stress-
mediated pathological processes occurring in the body. C. speciosus
has been found to possess high antioxidant activities. Tannins,
lignans, xanthones, phenolic acids, and flavones were found to be the
major antioxidants derived from C. speciosus.[10]. Also, the plant has
been documented as an antidiabetic plant (Insulin plant) in Indian
Avurvedic literature. Diabetes mellitus 1s a chronic metabolic
disorder characterized by high blood glucose levels due to absolute or
relative cellular mnsulin level deficiency [11]. The rhizome is the
major source of diosgenin, which is anti-diabetic in nature and is used
in the treatment of Diabetes mellitus [12,13,14]. The present study
has been undertaken to investigate the binding efficiency of bioactive
compounds of the plant with various receptors involved in these
antioxidant and anti-diabetic activities.

Methodology

* Selection of Ligands and Receptor proteins: The choice of
bioactive compounds (ligands to be docked) viz, Costunolide,
Eremanthin, and Diosgenin were downloaded from PubChem
database, in .sdf format. This file was converted into .pdb format by
the PyMOL2 software. The selection of target proteins for antuoxidant
activity & Diabetes mellitus were done from the literature
investigated by researchers, [15,16] and downloaded from Protein
Data Bank (RCSB PDB) in .pdb format.
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Table: 1.1 List of target proteins used for molecular docking.

g Target Protein PDB ID

z %‘ Catalase (CAT) 2CAG

= ﬁ Superoxide dismutase (SOD) 1CB4

g <

E Glutathione peroxidase (GPx) 2P31

Aldose reductase (AR) 1US0

E E Protein tyrosine kinase 1-beta (PTP 1 2F70

2 =5 beta)

-g ﬁ Insulin receptor (IR) 1IR3
Dipeptidyl peptidase IV (DPP 1V) 3F8S

Preparation of target protein and ligand:

The target protein was prepared prior to docking using AutoDock
tools software downloaded from MGL tools. The water molecules
were deleted, as they are reported to disturb the docking, polar
hydrogen bonds were added to the protein molecule, and the non-
polar hydrogens were merged. The addition of Kollmann charges was
carried out. This prepared protein which was earlier in the pdb format,
was saved as new files in pdbgt format. For the preparation of ligand,
the ligand was opened and selected. Torsion tree was opted to detect
the roots. The ligand was selected once more to detect torsion tree and
to select number of torsions, the output was saved as pdbgt file.

(enerating grid box:

The ligand and protein pdbqt files were opened in the AutoDock tools
window, the protein was selected to prepare a grid on. A grid box of
default configuration was generated on the target protein. This grid
box ensures that the docking successfully takes place at the
designated sites. In case if the receptor co-ordinates are unknown the
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grid box is supposed to cover the entire molecule in order to perform
docking at various positions. The parameters are set accordingly to
the molecule and a text file is generated after the grid is saved.

Preparing configuration file:

A text file named “config txt” was created which contained the names
and format of the ligand and protein, the grid parameters, and the
energy range along with the exhaustiveness.

Docking using AutoDock Vina:

Command prompt was opened from the start menu of the PC, and the
path of the folder containing the files and the command to execute
docking was given in the following manner: cd (path of the folder
containing the files), enter. “C:\Program Files (x86)\The Scripps
Research Institute|Vina\vina.exe” -- receptor (receptorname.pdbqt) -
- ligand (ligandname.pdbqt) --config config.ixt -- log log.ixt --out

output.pdbqt, enter.

Analysis of molecular docking with PyMOL2 Visualizer &
Discovery Studio Visualizer:

The receptor and output files were visualized in PyMOL2 Visualizer.
For detection of polar bonds formed, the preset option was selected
and the ligand sites were set as “cartoon™. This revealed the polar
bonds between the ligand and the receptor. This complex was saved
for further analysis. The saved complex was opened in Biovia
Discovery Studio Visualizer, and the ligand and receptor were set
from the interaction menu. For visually analysing the molecule, the
option “ligand interaction” was clicked which generated a 3D
representation of the interacting biomolecules. This file was saved.

Table: 1.2. 2-I) Chemical structures of phytochemicals selected
from Costus speciosus for molecular docking.
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s. Phytochemical Structure
No. (Ligand)
1. Costunolide
2. Diosgenin
3 Eremanthin

(Retrieved from PubChem Database:
https://pubchem.ncbi.nlm.nih.gov/)

Results and Discussion

Molecular docking was executed wusing three phytochemical
compounds viz.,, costunolide, eremanthin and diosgenin from C.
speciosus, as ligands against receptors for antioxidant activity and
Diabetes mellitus. The results of which are depicted in table:
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Table: 1.3 Molecular Docking of selected compounds of C.
Speciosus against Target proteins involved in antioxidant

activities
S.N | Target | Phytochemic Selecte | Tota | No.
0. protein al d Pose | 1 no. | of H-
with As ligand of | bond
PDB ID bond s
S
Costunolide 6" 4 2
= {;;!:;:I;in Eremanthin 5t 5 3
ne Diosgenin 4 6 2
peroxidas
e (GPx)
Costunolide 1" 4 1
- H:Ciﬂ 4 | Eremanthin | 2% 9 1
e Diosgenin 1* 6 3
Dismutase
(SOD)
Costunolide 3 5 2
> (ﬁe Eremanthin ol 6 1
CAT Diosgenin 2md 8 2
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(a) (b)

m un;(" =
.

(c)

Fig 1.1 (a): The docking interaction between the receptor (Px and Diosgenin,
(b): The docking interaction between the recepior Catalase and Diosgenin, (c):
The docking interaction between the receptor SOD and Diosgenin (Green dotted
lines represent the H-Bonds; Pink dotied lines represent Alkvl bonds)
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Table 1.4 Binding affinities of selected compounds against
antioxidant target proteins.

Target Protein Ligand Binding | RMSD | RMSD
Affinity | Lower | Upper
(kcal/mol) | Bound | Bound
2P31: Costunolide -5.6 23.001 | 24.749
Glutathione Eremanthin -5.5 29.997 | 33.250
peroxidase (GPx) | Diosgenin 1.5 14.664 | 19.199
2CAG: Catalase | Costunolide -6.9 3.171 4,823
(CAT) Diosgenin -9.3 20,086 | 22.540
1CB4: Diosgenin -9.1 0.000 0.000
Superoxide
Dismutase (SOD)

In the above table, the binding energy values of each test compounds
are represented. It was observed that among the 3 ligands, Diosgenin
(-9.3kcal/mol) has lowest energy values and Eremanthin (-5.5
kcal/mol) and Costunolide (-5.6) have highest energy values. Lower
the energy values, higher the binding affinity will be. Among these
three phytochemicals diosgenin appears with stronger antioxidant
properties.

The plant also shows significant antioxidant potential and from the
study it can be concluded that all the three compounds may contribute
to this potential of the plant. The studies of Daisy et al., 2012 [7]
analysing the antioxidant activity of Costunolide and Eremanthin
isolated from C. speciosus, revealed that both Costunolide and
Eremathin were bound only with SOD and not with CAT and GPx,
suggesting that both compounds contain potential agonist properties
that is capable of activating SOD. However, our in-silico studies
revealed that Costunolide and Eremanthin were also found to interact
with respectively with Glutathione peroxidase (GPx) and Catalase
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(CAT) proteins involved in antioxidant activity of the plant.
Therefore, we can infer that Eremanthin and Costunolide have an
affinity towards all three receptors, the energies may vary but they
show potency to activate these receptors.

The study of binding energies of selected bioactive compound of C.
Speciosus against protein targets involved in Diabetes Mellitus was
also undertaken and result are shown in Table 1.5 and 1.6.

195

89



Table 1.5 Molecular Docking of selected compounds of C. Speciosus against Target proteins involved in
Diabetes mellitus.

S.N | Target protein with | Phytochemical | Selected | Total no. of | No. of H-bonds

0. PDB ID As ligand Pose bonds
Costunolide gt 4 1
1. 1US0: Aldose Reductase Eremanthin 4th 6 2
(AR) Diosgenin 2 5 0
Costunolide Jnd 7 1
R 1IR3: Insulin Receptor Eremanthin 7 5 2
Diosgenin 2 9 1
Costunolide 1 3 2
3. 2F70: Dipeptidyl Eremanthin Th 7 3
peptidase IV (DPP-1IV) Diosgenin 2ud 10 3
Costunolide 4 6 3
4. 3F88: Protein tyrosine Eremanthin St 9 3
phosphatase 1-beta Diosgenin Gh 1

(PTP-beta)
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(a) (b)

(c) (d)

Fig 1.2 (a) The docking interaction between the receptor DPP-IV and Diosgenin,
(b} The docking interaction between the receptor PIT & Eremanthin, (c) The
docking interaction between the receptor AR and Eremanthin, (d) The docking
interaction between the receptor IR & Eremanthin,({zreen dotted lines represent
the H-Bonds; Pink dotted lines represent Alkyl bonds)
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Table 1.6: Binding affinities of selected compounds against
target proteins involved in Diabetes Mellitus

Target Ligand Binding EMSD | RMSD
Protein Affinity Lower | Upper
(kcal/'mol) | Bound | Bound
1USO: Aldose | Eremanthin -3.2 33.566 | 35.543
Reductase
(AR)
1IR3: Insulin | Eremanthin -6.1 2.109 4.024
Receptor
(IR)
2F70: Costunolide -1.5 0.000 0.000
Dipeptidyl Eremanthin 7.0 64.317 | 66.172
peptidase IV Diosgenin 93 13.574 | 17.842
(DPP-IV)
3F85: Protein | Costunolide -5.8 34.347 | 35.989
fyrosine Eremanthin -5.9 31.480 | 33.561
phosphatase
1-beta (PTP-
B

It was observed that among the 3 ligands, Diosgenin (-9.3 kcal/mol)
has lowest energy value, Eremanthin (-8.2 kcal/mol) shows moderate
energy value and Costunolide (-5.8 kcal/mol) has highest energy
values. Lower energy values, signify higher binding affinity.

Among these three phytochemicals Diosgenin appears with stronger
antidiabetic properties and also eremanthin shows the potential of
acting as anti-diabetic compound. An earlier investigation depicted
the inhibition of porcine pancreatic a-amylase and o-glucosidase by
Diosgenin via computational docking. The study revealed Diosgenin
depicted significant inhibition against both porcine pancreatic a-
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amylase and a-glucosidase as well as against crude murine amylase
and glucosidase. Hence it is safe to say that Diosgenin holds
pharmacological significance and 1s a promising candidate in
combating Diabetes mellitus [17]. In another study [18], the
interacting conformation of diosgenin with PPARy shows that one
hydrogen bond is formed between O of K263 (PpKa = 10.60) with
OH of diosgenin by the contact distance of 2.95 Angstrom Diosgenin
also made interaction with E259 (PpKa = 3.27), 1262, K263, G284,
5342, 1344, and M348 with energy of -44.140 kcal/mol. These data
on the interaction of diosgenin with a score of -7.930 and energy of -
44140 designate diosgenin as an effective agonist for PPARy, which
control the expression of genes related to lipid and glucose
homeostasis and inflammatory responses.

Conclusion

Historically, plants have been used for medicinal purposes for a very
long time. They are a safer alternative to synthetic drugs, are
economic, and are generally available. There is an abundant source of
miraculous phytochemicals, which have the potency to treat a vast
range of diseases. Molecular docking provides an easy screening for
the identification of potent therapeutic properties of compounds. The
results from the [In-silico molecular docking reveal that all three
phytochemicals are potent in terms of their know abilities against
diabetes and oxidation. We can conclude that these phytochemicals
from C. speciosus can be used effectively in drug designing and
development as anti-oxidant and anti-diabetic medicine at low cost.
However, Diosgenin showed stronger antioxidant and antidiabetic
properties out of the three phytochemicals. Eremanthin also holds the
potency to be used as an antidiabetic compound.
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