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ABSTRACT

This paper proposes a fuzzy logic controller (FLC) based PV system fed with the three-phase power grid.
Generally large rating PV system is associated with the already existing power system it may affect the
grid performance due to inconstancy in nature. In this proposed system, the FLC-based controller is
designed to operate the power system in stable condition during faults occurring time also. Solar-fed
inverters playa crucial role in operating our proposed system at stable conditions and increasing the
reliability, stability, and performance of the system. This paper provides a controlling strategy for a PV
system that improves the transient stability of a Synchronous Generator (SG) linked to the utility
grid.The suggested FLC control approach causes the PV inverter's DC link capacitors to absorb a few of
the kinetic energy stored in the SG during a temporary halt, as shown in the study. In addition, by
injecting reactive power into the system, the planned method can increase voltage stability. The results
were done through MATLAB Simulation successfully working to the proposed control method.

Keywords: PV Inverters, Voltage stability, Fuzzy Logic Controller

INTRODUCTION

As of overdue, energy frameworks have encountered a massive growth in the entrance of Renewable Energy Sources
(RES), which might be usually related to the energy network to improve the power grid performance by using power
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converters. The increment of the PV energy shows some new specialized difficulties, for instance, temporary
steadiness [1], which makes the interest in force frameworks below severe unsettling effects a significant issue. The
preferred framework dormancy and lead consultant reaction are reduced for this new framework layout, which may
additionally adversely impact the temporary reaction of the rotor point of SGs. In any case, the inverters applied in
the PV age deliver novel open doorways, like subordinate administrations to SGs. PV converters might assist with
retaining soundness after a framework unsettling have an impact on, for example, a brief out delivered
approximately [2]. The GCs of the history of twenty years did not count on the big adjustments in the electricity
framework setup regarding the activity of pressure inverters. Indeed, even today, it's far more difficult to appreciate
and verify future conditions. Hence, over the past 20 years, GCs have anticipated the RE assets to be separated while
an unsettling impact is recognized [3]. This necessity is fine the period of the RE infiltration level isn't huge, which is
completed to forestall the deficiency of synchronism. In any case, the GCs have modified to require FRT restriction
from RE gadgets in the course of aggravations [4], and that means that the aged unit must live associated with the
power framework as well as, additionally, should give a guide in maintaining up with synchronism and voltage
solidness. A few nations have laid out ideas that require greater capacities from the PV inverters utilized in
disseminated age devices and from PV flora related to the medium voltage transmission matrix. A portion of those
principles takes into consideration an MC running mode or in the short end transferring dynamic potential to the
matrix whilst giving need to the responsive electricity backing to in addition develop voltage dependability [5]-[7]. A
few GCs lay out APRRR for publishing shortcoming interests, as needs to be seen in [8]. In the writing, the FRT limit
of PV frameworks in consistence with the GCs has been to an awesome volume researched. For instance, [9]
proposes an FRT plan to help the community via infusing responsive electricity, as anticipated in the German GC,
and that empowers the electricity first-rate to change in view of a tradeoff between power waves and present-day
sounds. The prevalence of large-scale RES in existing power networks has increased over the previous decade due to
the global warming concerns of fossil fuel-based power stations and the rising cost of energy generation. PV power
plants are among the most popular forms of RES since their costs are constantly falling.

MODELLING OF THREE PHASE POWER NETWORK

The proposed test system shown in figure.l is considered for transient analysis of the integrated system. The
synchronous machine and PV system both are connected in parallel and they are integrated with the grid by means
of transmission lines. The PV systems have n PV system as depicted in figure.2, and are restricted by using the MPPT
strategy. It is a known fact that the harmonics injected by the nonlinear loads are controlled by using active power
filters. The synchronous machine’s current components control the torque and flux in the machine by injecting and
controlling the PV system. As it is known that this approach depends on the prepared limitsduring the fault the
excess energy will not be absorbed by the grid and it was sent to PV inverter’s dc link for storage purposes.

Wind System

The Wind system which is the electrical generator of renewable energy, is the component that makes up a wind
turbine. We looked at the rotor blade design. A low-rpm electrical generator is the brain of any wind power system.
It converts the mechanical rotational power produced by wind energy into electricity to provide power for remote
villages. A wind turbine can transform a small fraction (Cp) of the energy that is captured from the wind. The
following equation explains how three variables—rotor blade sweeps area (Aw), upstream wind velocity (Vw),
coefficient of rotor power (Cp), and mechanical power (Pwt) —are related.

Py =5PAY Co (4, B) (1)

Solar System

The solar system acts as a renewable energy resource for hybrid microgrids. Solar radiation and PV cell temperature
both affect PV power. The PV module has a separate MPPT (Maximum Power Point Tracking) controller from the
PMS.

Iph = [sc + Ki(T-298) x Ir/1000] @)
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Irs = Isc/[exp(Qvoc/NSknT)— 1] 3)

Micro Hydro System

The kinetic energy received from the falling water is converted to mechanical power that subsequently transformed
the electrical energy by a generator as part of the hydro turbine's basic operating principle. The electrical power
produced by the micro-hydro turbine is calculated using the following equation in the proposed model.

nhyd X hnet X pwater X Qturbine X g
1000 (W /kW)

Phyd =

FUZZY CONTROLLER FOR IMPLEMENTATION

The overall control scheme for controlling the proposed system is presented in figure.3. Under steady-state operating
conditions, the power comes from the PV system is fed to the utility. The dc link controllers receive the active from
the dc link and regulate the dc link error voltage. When the dc link error control building block is disable, the
transfer of power is made from grid to MC mode. In this situation, dc link receives the power and absorb the kinetic
energy so by reducing the effect on synchronous machines transient stability.

SIMULATION RESULTS

Hybrid system response synchronous machines active and reactive power are exposed in figure4, and figure.5
shows the hybrid system response PV systems active and reactive power, figure.6, Hybrid system response PCC
voltage and dc-link voltage, and lastly in figure.7, the hybrid system response inverters currents and synchronous
machines rotor angle

This paper proposed FLC and PI controller-based stability enhancement of the grid-connected PV system. FLC
decides the optimal gain parameters of the PI controller based on the grid side parameter variations. The benefits of
the suggested method are vigorous performance with an increased level of Transient stability and Voltage Stability.
The performance of the proposed technique was assessed by means of the comparison analysis with the presented
technique.

CONCLUSION

In this paper, the proposed fuzzy logic controller-based solar power system is fed with the grid. Generally large
rating PV system is associated with the already existing system it may affect the grid operations due to inconstancy
in nature. In this proposed system we design our system in stable even faulty condition and voltage support for
LVRT. Solar-fed inverters are playing a crucial role in operating our system at stable and increasing reliability and
stability. To achieve transient stability, the proposed control technique causes the SG kinetic energy to be engaged by
the dc link capacitors. It also allows for the injection of reactive electricity into the grid to help maintain voltage
stability. Results show that the suggested control strategy efficiently ensures the SM's transient stability by reducing
rotor angle oscillations within the initial few cycles of the failure.
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ABSTRACT

15%-17% of couples worldwide have infertility, which is defined as being unable to become pregnant
after a year of sexual activity. In fact, both sexes can be affected by the underlying causes of infertility;
roughly 50% of cases are brought on by disorders that affect women, and 40% by those that affect men. It
is also important to note that 25% of infertile couples will have a reproductive issue with both partners.
There are many causes for female infertility out of which ovulation problems tops the list. Aside from
these, there might also be hormonal, cervical, uterine, or unexplained infertility factors. Herbal medicine
supported by evidence may be an effective therapy for female infertility. We provide some convincing
data in this review for the use of herbal medicine to cure female infertility. The following plants are
covered: chasteberry, shatavri, maca, cinnamon, and ashwagandha. Chasteberry, additionally referred to
as sindhuvara in Ayurveda, has a very long history of usage as medicine. Treatment for particular
ailments involves administering the entire plant, including the leaves, roots, fruits, leaf oil, and seeds.
One of the most important healing plants used by Ayurvedic Vaidyas from ancient times is shatavari,
Asparagus racemosus. This herbal plant, which performs a variety of biological activities, is referred to as a
Rasayan in Ayurvedic literature. Maca has an array of therapeutic applications, spanning menopause,
fertility, libido maintenance, and cancer prevention.The Maca may affect a number of systems that lead
to infertility issues. Cinnamon has a long history of treating PCOS and reducing insulin resistance. The
herb ashwagandha is commonly touted as a remedy for a number of conditions, includes a few of the
most typical pregnant side effects notably sleeplessness, stress, and discomfort. The data presented in
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this review shows that different compounds in these plants have the potential to treat a range of female
reproductive disorders, including premature ovarian failure (POF), polycystic ovary syndrome (PCOS),
hyperprolactinemia, endometriosis, and hypothalamic dysfunction. Additionally, these compounds have
the potential to be used in conventional medicine as well as alternative therapies because of their
antioxidant, anticancer, and antidepressant properties.

Keywords: Female infertility, fertility, menstrual, estrogen, progesterone.

INTRODUCTION

According to estimates, there are 72.4 million couples worldwide who have fertility issues. [1]. One in six couples
worldwide experience unsuccessful conception after an entire year of unprotected sexual activity. About 50% of
female illnesses are responsible for infertility in couples. [2] Infertility is described as "a disorder of the reproductive
system defined by the inability to achieve a clinical pregnancy after 12 months or more of frequent unprotected
sexual intercourse," according to the World Health Organization and the International Committee for Monitoring
Assisted Reproductive Technology. [3] Demographers, however, define infertility as the inability of a sexually active,
non-contraceptive woman to produce a live child. Couples choose live birth to conception, therefore this statement is
more in accord with both the dictionary definition and the general agreement. [4] Some studies' definitions of
infertility comprised "lack of a live birth while being married for five or seven years," without taking into account
whether this was consensual or non consensual. [5]

Several disorders that might cause female infertility include:

e Opvulation issues

o fallopian tube damage (tubal infertility)

e cervical issues (cervical stenosis, benign polyps or malignancies)
¢ and unbalanced hormones

The hormonal conditions comprise:

¢ endometriosis

¢ uterine fibroids, premature ovarian failure (POF)

e polycystic ovary syndrome (PCOS)

¢ hyperprolactinemia (excess prolactin)

¢ pelvicinflammatory disease (PID).

¢ hypothalamus dysfunction[6]

The most significant risk factors include-

e smoking

e excessive alcohol

¢ radiation or chemotherapy treatment

¢ long-term, high-dose NSAID usage

¢ antipsychotics

¢ usage of addictive drugs including cocaine and marijuana
e Obesity

e advancing age

e sexually transmitted diseases (STDs). [7]

Symptoms of Female Infertility:

Variations in a woman's menstrual cycle or ovulation may indicate a medical condition related to infertility.
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These signs include:

e Abnormal cycles.

¢ Bleeding which is either more intense or less intense than normal.

e Irregular time frames.

¢ Each month, the number of days between each menstruation fluctuates

e Painful cycles

¢ Cramping, pelvic pain, and backache are possible.

Infertility in women can occasionally be brought on by hormonal issues. In this situation, other symptoms could be:
¢ Modifications in libido and desire (Skin tends to change, along with more acne)
¢ On the chin, chest, and lips, black hair is growing

e Loss of hair or receding hair

¢ gaining weight [8-11]

Herbs and Infertility

The medicinal herbs examined in this article have a variety of reproductive enhancement properties.

For millennia, people have performed experiments with herbal medicine all across the world. Infertility is a
condition that is increasingly being treated with it in the West by both men and women. In accordance with the
American Society for Reproductive Medicine, there is still little proof to back up the claim that herbs increase
fertility. However, this article offers some reliable evidence using evidence-based herbal medicine. [12-17] Any
woman who experiences infertility knows the emotional toll it takes. It can cause anxiety, loneliness, protracted
depression, and the inability to focus on everyday chores. Many women who struggle with infertility are able to start
families with methods like in vitro fertilisation (IVF) or surrogacy. However, these methods are highly pricey, and
some women are unable to pay for them. There are herbal and natural remedies that can also aid in addressing the
underlying reason of infertility and boosting chances of conception. A balanced diet and regular physical activity are
also lifestyle choices that can aid. [18,19]

HERE ARE SOME PLANTS REVIEWED FOR THEIR POTENTIAL BENEFITS IN TREATING FEMALE
INFERTILITY

Chasteberry (Vitex negundo and Vitex agnus castus):

Figure : Vitex negundo

Vitex negundois an upright tiny tree or shrub that can reach heights of 2 to 8 metres. Typically, the bark is red -
brown. Each of its leaf branches has between three and five finger-like, lanceolate leaflets. [20]

Habitat

Vitex negundo is a plant that is indigenous to tropical Eastern and Southern Africa, Asia, and Europe. [21] It is
frequently observed all over India, primarily in warmer regions and rising to a height of 1500 m in the outer Western
Himalayas. [22]

Parts of plant used to treat female infertility- The fruits and seeds of Vitex shrub.

Uses in female infertility

e The Vitex genus has piqued the interest of the health sector market due to the pharmacological properties offered
through the phytochemicals found within the plant matrix, which are encouraged as a wide range of additives
that may boost and manage various types of diseases or used as alternative medicines together with conventional
primary therapy. Many scientists are currently interested in finding novel, pharmacologically effective Vitex
plant components.

e The Vitex genus contains a variety of secondary metabolites, including steroids, terpenes, lignans, flavonoids,
and phenolic compounds. [23]The Nirgundi plant's fruit, leaves, and shoot are all used to assist women in
Malaysia and India after giving birth.
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e The fruit and shoot juice are used to boost milk production. Moreover, the leaf is cooked in water for a
postpartum shower that helps the mother's recovery. [24,25]

e Despite the various studies on Vitex compounds and their biological qualities, the bulk of the company's
commercial medicines are used to treat menstrual diseases such as infrequent periods, mastodynia, and
alleviated premenstrual syndrome symptoms. [26]

e The Dharward district of Karnataka uses leaves to cure bone fractures, fractured feet, paralysis, and impotence.
[27]

e The Verbenaceae family member Vitex agnus castus has historically been used to treat acne as well as the
menstrual issues brought on by corpus luteum shortage, such as premenstrual symptoms and spasmodic
dysmenorrhea, some disorders related to menopause, and inadequate lactation. [28]

e Studies on humans have demonstrated the efficacy of Verbenaceae plant species in treating gynaecological
disorders and premenstrual symptoms like despair, melancholy, and restlessness. [29]

e Verbenaceae extract enhances sexual function by modulating the secretion of LH and FSH, increasing serum
levels of progesterone and oestrogen, and decreasing prolactin secretion via acting on dopamine receptors. [30]

¢ The corpus luteum is encouraged by this plant's extract to release progesterone after ovulation, a process that in
turn regulates the female sexual cycle. [31]

¢ In an experiment conducted by Yakubu and Akanji (2011), it was found that serum levels of progesterone and
oestrogen rose in the Verbenaceae extract group compared with control group, while prolactin and LH, two
hormones that interfere with sexual activity, fell. [32]

Shatavari (Asparagus racemosus):

Figure : Asparagus racemosus

The under-shrubby plants can reach a height of 3 metres. This is a spiny herb with several succulent short roots. [33]
This plant, which varies from white to grey in colour, is a woody creeper called as "Liana Bearing Brown." [34,35]

Habitat:

The plant is mostly found in Sri Lanka, India, and the Himalayas but is found all over the world. It is located
throughout India's subtropical and tropical regions, up to a height of 1500 m. [36]

Parts of plant used in female infertility- Dried roots of Shatavari.

Uses in female infertility:

e Issues with female reproduction, such as irregular menstrual periods, are treated with it along with
dysmenorrhea, uterine bleeding, amenorrhea, weak or unproductive sex, menopause, and pelvic inflammatory
diseases like endometriosis and erectile problems.

e It has been used as a reproductive tonic for PMS from the dawn of time, strengthening, nourishing, purifying,
and causing uterus prolapse.

¢ By harmonising the hormonal level, it overcomes infertility, develops the lining of the uterus for contraction
during foetal development, avoids miscarriages, and also aids in increasing lactation.

e It enhances folliculogenes and raises ovarian weight, and root extract is useful for stimulating serum FSH.
[37,38,39]

e The usefulness of A. racemosus saponins in treating dysmenorrhea, which is characterised by painful periods
without obvious pelvic aetiology, is demonstrated by their ability to inhibit the oxytocic impact on uterine muscle
and preserve unconstrained uterine mobility.

e Renowned shatavari formulation Shatavri Sidh Girit is chosen in cases of threatened abortion, and this effect is
brought on by shatavarin. [40,41]

Peruvian Maca (Lepidium meyenii):

Figure : Lepidium meyenii

The Brassicaceae family's member maca (Lepidium meyenii) grows in Peru's central Andes between 4000 to 4500
metres above sea level. The primary component used for human food is the tuber, which is found underground.
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There are numerous variants, and its primary subtypes are yellow, red, and black, with the type of soil where it is
grown appearing to influence this. [42]
Parts used in female infertility- Root of Peruvian maca.

Uses in female infertility:

¢ The hypothalamus and pituitary are encouraged to work at their highest potential by maca, which enhances the
performance of all endocrine glands. The balancing effects on estradiol, progesterone, and FSH have been
documented. Limiting weight gain, lowering blood plasma triglycerides, and improving phosphorus and calcium
deposits in muscle and bone tissues are other important goals.Women who use Maca report higher tolerance to
its non-steroid alkaloids, which are non-steroid chemicals. It is generally known that maca boosts or aids in the
process that controls the release of oestrogen beyond 30 pg/ml [43] hence easing menopausal symptoms.

¢ Concurrently it had a pronounced propensity to reduce FSH. With a calming effect as well, maca seems to have a
good impact on depression. Cortisol and ACTH levels have been shown to decrease as a result of this effect [44].

e According to reports, administering Maca to perimenopausal women raised their serum levels of progesterone,
FSH, ACTH, and oestrogen. Additionally, menopausal women's symptoms appear to be getting better [45].

¢ Other investigations have shown that Maca supplementation raises LH serum levels in female rats just at the time
of LH surge and not throughout the pulsation phase. Through pituitary activity of the Hypophysis Pituitary
Gonad (HPG) axis, this impact stimulates ovulation. supporting Maca's historical usage as a fertility booster [46].

¢ Numerous studies have shown that Maca can increase fertility by removing free radicals and producing an anti-
oxidant response, primarily due to its metabolites, the glycosylates and the alkaloids. These two factors, along
with raising LH serum levels, could be the pathways combating infertility [47].

Cinnamon(Cinnamomum cassia)

Figure :Cinnamomum cassia

One of the earliest known herbs is cinnamon, which has four main commercial species: C. loureiroi, C. burmannii, C.
cassia, and C. verum. [48]

Habitat-With smaller-scale operations in Vietnam and India, cinnamon is mostly produced in the Seychelles, China,
Madagascar and,Sri Lanka (about 27,000-35,000 annual tons). [49]

Parts of plant used in female infertility- Bark of cinnamon in the form a powder.

Uses in female infertility

¢ Cinnamon showed beneficial PCOS results via a variety of ways. Studies show that a significant contributor to
the development of PCOS symptoms is insulin resistance. [50]

¢ Cinnamon increases glucose absorption by triggering the glycogen synthase enzyme and suppressing the
function of glycogen synthase kinase 3 (GSK3). Additionally, cinnamon inhibits insulin receptor
dephosphorylation and activates the enzyme insulin receptor kinase. There is a reduction in insulin resistance as
a result of all these actions. [51]

e At doses of 50 and 200 mg, prior research suggested that cinnamon extract may elevate oestrogen and
progesterone levels. [52]It might be connected to rising LH secretion, which would enhance the production of
oestrogen and progesterone [53]. Studies in the past have demonstrated that cinnamon, in all of its varieties
(powder, extract, and supplement), can influence hormone levels and menstrual cycles. [54,55,56]

e Ovarian size also underwent a discernible alteration. Seven patients in the test group also claimed full
improvement. These findings demonstrate how cinnamon affects ovarian tissue. [57]

e Additionally, topical application of lotion and gel comprising the plant extract in the vagina and systemic
delivery of the antifungal chemicals in Cinnamomum efficiently eliminated Candidiasis infections, that can
minimize fungal-induced infertility. [58]

¢ Hypoestrogenism or pelvic operations can cause endometriosis, a clinical condition that affects the quality and
functioning of the ovaries. [59]Blocking the release of oestrogen from the ovaries is now the most widely used
treatment for this illness. [60]
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e The least risky option to pharmaceutical treatments, because of the severe side effects of medications like
gestrinone, aromatase inhibitors, and gonadotropin-releasing hormone (GnRH) antagonists, is the utilization of
plant extracts rich in polyphenols (isoflavonoids and flavonoids), such as cinnamon, which can prevent the
production of oestrogen and stop the progression of endometriosis through their antioxidant and anti-
inflammatory properties. [61]

Ashwagandha (Withania somnifera):

Figure v: Withania somnifera

Withania somnifera is a tomentose, tall, branched, evergreen shrub that ranges in height from 30 to 150 cm. It bears
blooms all year round, with a maximum flowering period around March and July. [62]

Habitat-Withania is naturally present, most likely in the relatively dry and more humid regions, and it can be found
from the Mediterranean region to South Africa and across tropical Africa, as well as from the Cape Verde Islands and
the Canary Islands to the Arabian and Middle Eastern regions, which would include India, southern China, and Sri
Lanka. It is typically grown as an herbal remedy in India and many other countries, likely due to its thick roots. [63]
Parts of plant used in female infertility:

Roots of Withania somnifera

Uses in female infertility:

e The herb has been advocated for use in folk medicine to treat conditions like polyarthritis, ulcers, premature
ejaculation,lumbago, impotence, throbbing pains, leucorrhoea, oligospermia, vitiligo, general debility, uterine
infections, and orchitis.[64]

¢ In research by Saiyed et al. (2016) on letrozole-induced polycystic ovarian syndrome in rats, it was discovered
that in comparison with the control group, preantral and antral follicles and corpus luteum decreased after 22
days, but the serum levels of LH reduced and FSH increased. [65]

e The 2010 study found that Ashwagandha extract improved the HPG axis and the equilibrium of serum
oestrogen, which in turn improved oogenesis. Ashwagandha extract also increased gonadotropin hormone
release through GABA mimetic properties. [66]

CONCLUSION

Among the several plants that are effective in the treatment of a range of female reproductive problems, five plants
with positive impacts on female fertility have been studied. Many reproductive issues, including menopausal
symptoms, hypothalamic dysfunction, PCOS, osteoporosis, endometriosis, POF, hyperprolactinemia, PID, and
female reproductive-related cancers (cervical, ovarian, vaginal, uterine/endometrial, and vulvar cancers), can be
managed and treated with the help of these plants. This systematic study also emphasizes the necessity for and
current absence of a universal definition of infertility. Spasmodic dysmenorrhea and premenstrual symptoms are
among the menstrual issues caused by corpus luteum deficit that are treated with chasteberry supplements. Given
that women's reproductive systems are the primary target of the plant Shatavri's therapeutic benefits, Asparagus
racemosus is regarded as a female reproductive tonic. Lepidium meyenii, a plant native to Peru, has a number of
potential benefits, including enhancing fertility and sexual function by influencing hormone levels, particularly
luteinizing hormone (LH) concentrations. Cinnamon offers a viable option for the treatment of PCOS because it is a
valuable ingredient for conquering metabolic syndrome. There are a variety of beneficial effects of cinnamon on
PCOS, yet further investigation is required to comprehend the underlying processes underlying the apparent
benefits of cinnamon supplements in PCOS therapy. Ashwagandha, known as the Rasayana of Ayurveda, is a very
effective regeneration tonic that is believed to enhance oogenesis and serum oestrogen balance.
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ABSTRACT

Water pollution has emerged as a critical global crisis due to various contaminating factors, especially
from textile industries. The release of toxic dyes into water bodies causes significant environmental
damage. This study focuses on the extraction of hydroxyapatite from turkey femur bone using a direct
calcination process. X-ray diffraction analysis of the extracted HAp confirms the hexagonal structure
with space group of P63/m and reveals agglomerated particles averaging 77.3 nm in size via scanning
electron microscopy. Elemental analysis validates the presence of calcium, oxygen, and phosphorus
elements. Identification of functional groups is analyzed through FTIR analysis. UV-Vis analysis
provides valuable insights into absorbance and bandgap values. In terms of practical application, the
extracted HAp showcases significant potential as a catalyst in the treatment of wastewater by
photocatalytic experiment. Evidently, its efficiency in decomposing congo red and methylene blue dyes
is significant, displaying degradation percentages of 90.5% and 99.4% respectively. These findings
proved the remarkable catalytic potential of hydroxyapatite derived from femur bones.

Keywords: Turkey bone, Calcination, Optical properties, Waste water treatment, Photocatalysis,
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INTRODUCTION

The release of industrial waste from textile industries, paper industries, cosmetics, food beverages, pharmaceutical,
and plastic sectors poses a significant threat to the environment due to the presence of vividly colored substances.
Colored discharges infused with dyes and entering water systems bring about significant concerns, such as increased
chemical oxygen demand (COD), reduced light transmission and hindered proliferation of microorganisms.
Artificial dyes exhibit toxicity and carcinogenic properties bring about substantial environmental health issues when
exposed. The toxicity of Congo red stems from its conversion into benzidine, a known human carcinogen upon
metabolism. Additionally, exposure to this compound has been linked to inducing allergic reactions in individuals.
Even at low levels, CR dye significantly disrupts aquatic ecosystems, impacting the delicate balance of the food
chain. Additionally, its presence poses health concerns, leading to respiratory issues, diarrhea, and nausea [1].
Methylene blue is considered extremely carcinogenic that has been produced and utilized across various industries
for diverse purposes. When ingested, methylene blue poses a significant danger to human health, causing
neurological problems and vision damage. Therefore, it's critical to devise advanced approaches capable of
eliminating these perilous contaminants from aquatic environments [2].

To tackle this issue, diverse adsorbents such as activated carbons, zeolites and polymers have been utilized to
eliminate dye from wastewater. However, their restricted capacity for adsorption, high expenses, and difficulties in
separation hinder their widespread application in wastewater treatment. Consequently, there is a demand for an
alternative adsorbent that offers high efficacy, cost-effectiveness, safety, ease of production, and regenerative
capabilities. Hydroxyapatite (Ca10(PO4)s(OH)2) is highly regarded as an important biomaterial due to its outstanding
biocompatibility, bioactivity, ability to promote bone growth, lack of toxicity, non-immunogenic nature.
Furthermore, it is recognized as a valuable material for environmental applications because of its unique structure,
enabling ionic exchange and effective adsorption of various pollutants [1]. This current research focuses on
extracting hydroxyapatite from turkey femur bone via a straightforward calcination process. The objective is to
employ this derived substance to degrade detrimental dyes such as congo red and methylene blue, recognized for
their harmful effects. To the best of our knowledge, research conducted on utilizing hydroxyapatite derived from
femur bones for degradation of toxic dyes is the first time.

EXPERIMENTAL PROCEDURE

Fresh turkey femur bones were obtained from a local market and subjected to pretreatment by boiling in distilled
water to eliminate undesired debris like bone marrow and flesh. Following this, they underwent soaking in NaOH to
eliminate protein content, followed by chopping, drying in an oven, and calcination at 900°C for a duration of 4
hours [3].

RESULTS AND DISCUSSION

Structural analysis

X-Ray diffraction pattern of Hydroxyapatite calcinated at 900°C within the range of 20-60° is shown in figure 1. The
diffraction peaks obtained at 20 with hkl values are 25.8° (002), 28.1° (102), 28.9° (210), 31.7° (211), 32.1° (112), 32.9°
(300), 34° (202), 35.4° (301), 39.2° (212), 39.8° (310), 42° (311), 43.8° (113), 45.3° (203), 46.7° (222), 48.1° (312), 48.6°
(320), 494° (213), 504° (321), 51.2° (410), 52.1° (402), 53.1° (004), 55.8° (322), 57.1° (313). Every peak displayed
distinct features of pure HAp, indicating the hexagonal crystalline structure with space group of P63/m. the XRD
peaks obtained is well matched with the JCPDS pdf no.09-0432. The sharpness of the peaks indicates crystalline
nature of the material. Average crystallite size of the sample is calculated using scherrer equation [4].
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The percentage of crystallinity and other crystallographic parameters were calculated using the below mentioned

formulas and listed in table 1 [5], [6].

Microstrain €= /4 tan®

Dislocation density 0=1/D2

Lattice parameters 1/d? = (4/3) {(h? + hk + k2 )/a?} + (I%/c?)
Volume =La2 ¢

Percent of Crystallinity Xe= (Aa/ActAam ) x 100%

Morphological analysis

The morphology and particle size of the extracted HAp samples were investigated using scanning electron
microscopy images shown in figure 2 along with its particle size distribution curve. The SEM analysis reveals a
notable characteristic of the HAp sample that, the particles exhibit irregular shapes and tend to be agglomerated. The
Image ] software is utilized for measuring the average particle size of the HAp material and is calculated to be
77 .3nm [7].

Energy dispersive X ray spectroscopy

EDS was utilized to analyze the chemical composition of the extracted HAp material, as depicted in figure 3. The
findings revealed that the synthesized HAp particles primarily comprised calcium, phosphorus, and oxygen as their
elemental constituents. Notably, hydrogen (H) was absent in the EDX spectra due to the instrument's limitations,
which prevent the detection of elements with atomic numbers below five [8]. The signal attributed to carbon (C)
originates from the substrate used in the SEM analysis [9]. The Ca/P ratio of the extracted HAp material is found to
be 1.66 which is closely related to the stoichiometric HAp.

Fourier transform infrared spectroscopy

The FT-IR spectra offer chemical information regarding the samples, covering a wavelength range spanning from
4000 cm™ to 500 cm is shown in figure 4. The identified phosphate bands at 1091 cm and 1044 cm™ consistently
appear within the 1000-1150 cm-! range, indicative of the v3 asymmetric stretching. The peaks seen at 3572 cm™ and
635 cm™ in the spectrum are due to the hydroxyl groups (OH) present in commercial HAp, indicating a high level of
crystallinity in the HAp structure. The HAp sample exhibits the asymmetric bending of the phosphate group, which
is evident at 570 cm™ and 603 cm™ [3].

UV-visible spectroscopy

When a sample is exposed to electromagnetic radiation within the UV/Vis wavelength range, its surface can engage
with the incoming radiation through various interactions, including absorption, transmission, and reflection. The
UV-Vis absorption spectrum of hydroxyapatite was examined using different wavelengths ranging from 200 to 800
nm, as illustrated in figure 5(a) [10]. HAp particles demonstrate significant absorption in the shorter wavelength
spectrum, specifically around 350-400 nanometers. The energy needed to elevate an electron from the valence band
to the conduction band is referred to as the band gap energy (Eg). Tauc plots serve as a method to ascertain the
bandgap energy.

ahv = A [hv - Eg]»

Where, a is the absorbance coefficient, Eg is the optical bandgap energy of the material, hv is the photon energy and
n is either 2 for direct band gap or 1/2 for indirect band gap. When plotting hv against (ahv)? for n=direct bandgap,
the resulting graph helps determine the optical band gap (Eg) which is found to be 3.18 eV [11].

PHOTOCATALYTIC ACTIVITY
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Photocatalytic dye degradation initiates with a support material infused with a catalyst exposed to specific light
wavelengths, often UV or visible light, matching the catalyst's light absorption. When light interacts with the
catalyst, it prompts the creation of electron-hole pairs. These pairs interact with oxygen, water, or hydroxyl ions on
the catalyst's surface, generating potent radicals like hydroxyl radicals. These radicals efficiently break down dye
molecules located on the catalyst or in the solution. Gradually, this breakdown transforms dye compounds into
smaller, less harmful substances, ultimately converting them into harmless byproducts, such as water, carbon
dioxide, and mineral salts. Optimizing the efficiency of this photocatalytic process involves monitoring factors like
catalyst concentration, light intensity, and duration. Utilizing natural bone-derived hydroxyapatite as a support
material, this eco-friendly approach exhibits substantial potential for treating dye contaminated wastewater without
producing detrimental residues [12].

Photocatalytic experiment

A concentrated solution, comprising 2 ppm of congo red (CR) and methylene blue (MB) dyes at a concentration of
1000 mg per liter, was formulated using distilled water. To carry out the batch experiments, 100 ml of this dye
solution was utilized in 200 ml flasks with various known concentrations. Each flask was supplemented with 5 mg
(0.005g) of adsorbent. Subsequently, UV light exposure initiated a photochemical reaction. Sampling at regular
intervals and utilizing a UV-Vis spectrophotometer for absorbance measurement assisted in monitoring the pollutant
concentration in the solution during the photocatalytic degradation process. The degradation percentage was
determined by employing the following formula [12].

Degradation efficiency (%) = Ao-At /Ao x 100

Where, Aois the initial absorbance of the dye, A:is the absorbance at time t after degradation of dye. The process
involves Hydroxyapatite as a catalyst for the photocatalytic degradation of congo red and methylene blue dye under
UV light. The maximum absorption wavelength of congo red and methylene blue dye is 499nm and 663nm. Figure 7
illustrates the degradation of dye solutions in approximately 50 minutes for congo red dye and 20 minutes for
methylene blue dye when HAp was employed as a catalyst. The flat line of the absorption curve indicates the
complete degradation of toxic dyes from the water solution as shown in figure 6. The calculated degradation
percentage is found to be 90.5% for congo red and 99.4% for methylene blue dye. The photocatalytic degradation
curve and efficiency is shown in figure 8 & 9.

CONCLUSION

This study has successfully demonstrated the extraction of hydroxyapatite from turkey femur bones utilizing a
simple calcination process. Characterization techniques confirmed the purity of phase and functional properties of
the HAp. The findings demonstrate that the femur bone derived hydroxyapatite as an effective catalyst for the
degradation of congo red and methylene blue dyes present in industrial wastewater. These results highlight the
promising application of this biomaterial in addressing environmental challenges posed by textile industry
pollutants. Further research could explore optimization strategies for enhancing the efficiency and scalability of this
extraction process, paving the way for its practical implementation in large scale environmental remediation efforts.
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ABSTRACT

Cervical cancer is a kind of cancer occurs in the cervix cells — the bottom part of the uterus connecting the
vagina. An early detection of cervical cancer safeguards the life of women. Pap smear tool is a trusted test
recommended by pathologist where each slide comprises of massive overlapping cells and manual
screening process in such a slide is typically time consuming. Various techniques proposed by
researchers paved the way to automatize the methodologies followed by pathologist. In this paper,
whole cell segmentation using Conditional Super Resolution GAN, Battle Royale optimization algorithm
and K-means algorithm with stepwise merging rules & GVF snake and Classification using ResNet like
network is proposed. The evaluation for the proposed method is done using the Mini SIPkeMed dataset.
The proposed methodology for the segmentation is applied on the whole cell and showed the mean
performance of Precision (0.93), Recall (0.94), ZSI (0.98), DC (0.94), and JI (0.87).ResNet like network is
applied on whole segmented image for classification and yields good accuracy for both 2-class and 5-
class classification problem.

Keywords: Battle Royale, GVF Snake, K-Means, Pap Smear, ResNet.

INTRODUCTION

Cancer is considered to be a deadly disease that evolved into an important and significant burden globally.
According to statistics of global cancer, cervical cancer is the 4t"most prevalent disease that affect females [1].Cervical
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cancer is curable only if diagnosed earlier. The current technology beyond the field of medicine predicts the disease
by the observation of pattern variations in the cells based on the shape & color of both nucleus and as well as
cytoplasm[2]. Pap Smear test is one such technology to diagnose precancerous cells. Pap test is the cervical screening
method to find malignant cells in cervix's inside and exterior surfaces. Cytopathologist manually inspect enormous
number of cell nuclei in a microscopic field to diagnose abnormal cells. Manual diagnosis of cells in slide by
pathologist may affect the accuracy and will result in false diagnosis& time consuming too. Challenges in automatic
diagnose paved the way of 60 years of cervical cancer diagnosis work. Automating nucleus and cytoplasm
segmentation from microscope image and classifying cells into normal or abnormal is still a challenge in medical
field. In other side, automatic diagnosis of precancerous cells is cost and time effective too. In this research, a model
is proposed for automating segmentation of cells in pap smear slide and classification (2-class, 5-class classification
problem) using ResNet like network.

Segmentation technique comprises of two phases namely, preprocessing phase and segmentation phase.
Preprocessing phase is the first and important step for enhancement of segmentation process. It consists of two
techniques: 1) High Resolution using CSRGAN and 2) Threshold Selection using BRO. In the segmentation phase,
cervical pap smear images are divided into two categories: 1) nucleus and 2) cytoplasm. Significantly, segmentation
process involves k-means clustering to group a similar pixel. Following the clustering process, stepwise merging
rules with GVF snake is applied to segment nucleus and cytoplasm effectively in the cell image. Segmentation
process is evaluated using metrics including Precision, Recall, ZSI, Dice Coefficients, and Jaccard Indices. Similarly,
classification is done on the result of segmentation using ResNet like network to classify the cell into normal or
abnormal. Both 2-class and 5-class classification process is evaluated using the metrics: Accuracy, Specificity,
Sensitivity and h-mean.

The remaining part of the paper is structured in the following manner: Section 2 discusses related work. In 3r4
section, the suggested method along with the preprocessing, segmentation techniques to extract and segment cells
and classification process are described. Section 4 will present the findings of the recommended methodologies as
well as insights into those results. In section 5, discussion is presented and concluded in section 6.

RELATED WORK

Image segmentation is a prominent task in analyzing image. It is not much easy for the individual to manually
analyze the components of cervical cells in pap smear slide. Poor segmentation result affects the accuracy of results.
Computer based automatized segmentation is needed to identify cervical malignancies on the slide. Meng Zhao
et.al., proposed a technique to segment nucleus based on the Selective-Edge-Enhancement method. Included graph
based algorithm to obtain bounding box [3]. Kurnianinsih et.al., used instance segmentation to segment the pap
smear images. In a two phase process, segmentation is done using Mask R-CNN and classification using VGG -like
Net[4].Segmentation and Classification done on the cervical cell dataset. Bounding box around Rol predicted by
implementing watershed algorithm in the segmentation phase. Comparison made with Ensemble based
classification and Deep Learning classification. Showed better results by utilizing Deep Learning for classification in
cervical cells[5]. Screening process of cervical cell achieved with Retina Net support. Bounding box obtained by
applying Retina Net on cervical cell image further assists in the classification process [6].In [7], Debora Nasser Diniz
et.al, Nudlei is detected in overlapping cell of pap smear image. SLIC algorithm divides the image as super pixels.
DBSCAN clustering algorithm is applied to group the similar super pixels. Three classification algorithms were
combined namely Nearest Centroid (NC), Decision Tree (DT), and k-Nearest Neighbors (kNN) to propose a novel
method and revealed better accuracy of 90.8% [8]. A three pass watershed technique is introduced for segmenting
both cytoplasm and nucleus from the cervical cell image.A gradient-based edge map with barrier-based watershed
are mainly utilized [9].
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A clustering algorithm based on Mean-Shift is chosen to get ROI followed by some mathematical analysis [10]. A cell
is partitioned into nucleus and cytoplasm by applying Fuzzy C-Means Clustering algorithm. Classification
algorithms including Bayesian classifier, SVM, LDA and KNNJ[11].A multiscale CNN is used to understand the
important characteristics in the image and assigns the label to cells in the image[12] Both median filtering and Mean-
shift are used to screen pap smear images. Segmentation is done by utilizing morphological operators [13]. Support
Vector Machine along with GVF Snake model is used for adaptive segmentation and showed good performance [14].
A model described for autonomous cervical cell segmentation using graph cut technique which is of multiscale [15].
Segmentation of nucleus and cell is done using enhanced SLIC along with improved grey scale method and region
equalization technique [16]. Marco et.al, used a Herlev dataset for autonomous segmentation of cytoplasm and
nucleus by adopting the combination of Efficient Net and Feature Pyramid Networks[17].

Most of the work proposed by authors used CNN with different techniques to implement classification in cervical
cell image. Suxiang Yu et al., compared four different models designed using the combination of CNN and SPP
layers and inception module [18]. Convolutional Neural Network(CNN) along with Extreme Learning
Machine(ELM) were chosen to detect and classify cervical cancer cell and showed good performance [19].Aditya
Khamparia et.al., proposed deep learning technique based on Variational Autoencoder(VAE) [20]. A. Sarwar et.al.,
proposed an ensemble technique which combines fifteen classification algorithm including Multiclass classifier,
Random subset space, Random forest, Bagging, Radial basis function network, J48 graft, Rotation Forest, Ensemble
of Nested dichotomies (END), PART, Decorate, Filtered Classifier, Random Committee, Multiple back propagation
ANN, Naive Bayes and Decision Table[21]. Na Dong et.al.,, introduced a machine learning based feature selection
technique for cervical cell classification. CART model used for feature extraction and applied PSO for feature
selection in SVM [22].

METHODS

The primary aim is to develop a model to segment cells from pap smear images and classify it into either normal or
abnormal. Segmentation technique has two stages. At the first stage, pap smear image is sliced into several images
which is further enhanced using CSRGAN technique. The image further partitioned into cell regions using Battle
Royale Optimization (BRO) algorithm. In the 2nd stage, the image obtained from the initial process is segmented into
two parts namely nucleus and cytoplasm using k-means clustering, Stepwise merging rules and GVF Snake. The
block diagram of the recommended segmentation technique is illustrated in the Figure 1.

Segmentation
Pre-Processing Technique

CSRGAN

Conditional Super Resolution GAN technique enhances the resolution of given image by the conversion of Low
Resolution image into High Resolution one. CSRGAN comprises of two model namely, Discriminator and Generator.
Generator generates super resolution images and discriminator model distinguishes the original image from fake
images generated using Generator model. This technique helps in improving the accuracy of nucleus and cytoplasm
segmentation [23].

BRO Thresholding Algorithm

Thresholding is one of the familiar techniques in image segmentation which distinguishes objects from background
and extra features in the image. Battle Royale Algorithm is inspired by battle royale game with a strategy that game
area shrinks and the final player will be a winner. An attempt is made to utilize this algorithm to detect thresholding
value in the given image. BRO thresholding algorithm produced better result compared to Otsu and Entropy based
thresholding technique.
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Nucleus and Cytoplasm Clustering using K-Means

Bethesda techniqueto report cervical cytology provides a complete guidance of what must be examined in a cell by a
pathologist to predict abnormality in cell [24]. The findings are depending on the characteristics of nucleus,
cytoplasm which includes the shape, structure and color. An attempt is made in this article to extract features from
each cell in the image. Cell segmentation is achieved by applying k-means algorithm that clusters a similar pixel.
Three groups (clusters) which are nucleus, cytoplasm and background of the slide obtained in the cell samples based
on the value of centroid or mean pixel value of RGB. Lowest pixel value in average corresponds to nuclei
segmentation, next lowest pixel value in the cell is segmented as cytoplasm. The third group formed by the number
of pixels corresponds to background of the slide. The technique has been configured to execute batches of a hundred
pixels for every centroid centering iteration. For each iteration, centroids move to the center and produces the last
group of pixels. With this pixel clustered group, features are generated based on the pixel calculation which fits into
concerned group. K-Means segmentation algorithm for cervical cell segmentation as follows:

Input: pi, where i=1,2,3....n (n -> number of pixels)
Output: K //number of clustersi.e., 3

While pi# null do

Select random point p

Calculate mean pixel value of RGB and allocate to the nearest cluster (nucleus, cytoplasm and background)
Recalculate new cluster center

Segment into nucleus, cytoplasm and background based on the pixel value.

End

As shown in the figure 2, three clusters are developed by the implementation of k-means algorithm in cervical cell
images.

Nuclei and Cytoplasm segmentation

Nuclei Segmentation using Stepwise Merging Rule

To accurately segment nuclei from the image, Stepwise Merging is involved with K-Means. Probability map is used
to classify nuclei from other region in the K-Means clustering. In the first step, seed regions are selected for nucleus
merging. Distance map and probability map calculated to generate a saliency map with the assumption that central
region contains seed region. In the next step, regions which are adjacent and similar gets merged if certain conditions
are met.

Selection of seed regions are based on the following rules:

S >A set represents seed regions and C ->A set represents candidate region. Components belonging to C are set to 1.
Step 1:

i) For every riin C, average saliency value (ori) is calculated as follows in the equation 1:

=g it ()

where, N7; is the number of pixels and Pr; correlated with saliency map. Seed region is selected in this if or; and
Nr;exceeds thresholds.

ii) If seed region not included in the set S, then the saliency map with maximum value is chosen as the seed region.
Once m seed regions are extracted, adjacent regions which are similar gets merged if following rule gets satisfied.
Step 2:

i) When seed region §; ‘s boundary meets with r; then the region riwill get merged with Spy satisfying the following
condition

if(Avg(S(ri) greater than or equal to T1/2))
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then the region riwill get merged with S

Where Avg(S(ri) gives the saliency value in average of ri.

ii) Step (i) in 2 will be repeated until all the regions are encountered.
Segmentation of nuclei is shown in the figure 3(b).

Gradient Vector Flow Snake for Cytoplasm Segmentation

Active Contour models are being used in image segmentation. Traditional snake models have some drawbacks like
faulty external force and sometimes outcome gets affected by the snake initialization. GVF is proposed by C Xu and
JL Prince to solve the issue of initialization sensitivity and moving towards concavities of boundary. Similarly,
convergence problem also produced by placing the static external force which is not impacted by snake’s time or
position. The equation where external force represented as z and the partial derivative of a work t is shown in the
equation 2.

a,(s,t) =xa'(s,t) —ya (s,t) + z )

where xa"(s,t) — ya (s, t)acts as an internal force and avoids stretching. The above equation which is dynamic called
as GVF snake. From the nucleus segmented image, GVF Snake is applied to segment cytoplasm. Steps involved in
the cytoplasm segmentation are as follows:

Step 1: Laplacian Edge Detector is implemented to label all edges and it becomes the elements of the set E.

Step 2: For each and every edges e;,

if ei's pixel meets the boundary, then iremoved from the set E and added to the background set B.

Step 3: Once the boundary edges are removed, the distance between the remaining edges and the center of the
nucleus is calculated. If the calculated value greater than the distance threshold, region ri will merge with B.

Step 4: Outlier edges are also removed from the previous step. In the remaining edges, initial points are set by
choosing evenly spaced pixels. A clear boundary is obtained here.

Step 5: Using the initial points from the previous step and GVF, Cytoplasm boundary edges are obtained through the
iterative process [25].

Classification

A ResNet like network is employed as the foundation of the deep learning training for the classification stage.
ResNet is a Convolutional Neural Network introduced in the year 2016 by He, K., Zhang, X., Ren, S., & Sun, ] [26].
Deep Neural Networks are able to model a highly complex function. Eliminating gradients are a huge challenge
insuch deep networks. ResNet provides a shortcut technique called Skip Connection to bypass the information from
one layer to another layer. This network fits the residual mapping. There are many variants of ResNet based on the
layers it contains includes ResNet18, ResNet34, ResNet50, ResNet101 and ResNet152. In the proposed work, a
simple version of ResNet is used takes input with a size of (200,200,3). A network architecture is designed with 14
layers with 3x3 conv32 as a first layer. A maximum of 128 channels is used to decrease the computing time and cost.
The proposed work has three layers of identical Convolutional networks. Each layer contains two Residual Blocks.
Every block is associated with 2 weight layers using the skip connection concept which connects to the second
weight layer’s output with the activation function. ConvNet layer’s input is compared with the result to make use of
identity connection only if both are similar. If the values are not similar, pooling will be applied on skip connection.
The proposed architecture is shown in the figure 4.

RESULTS

Dataset and Evaluation Metrics

The proposed methodology's performance was assessed using the MiniSipakmed dataset [27]. Slide image of
dimension 2048x1536 from the dataset is split into equal size images of dimension 128x128 using sliding window
technique. MiniSipakmed contains 50 slides in 5 categories(Dyskeratotic, Koilocytotic, Metaplastic, Parabasal and
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Superficial Intermediate) of images. Each image approximately splits into 8 images. Totally, 1974 images are
generated after applying sliding window technique. The evaluation of segmentation is carried out using Precision,
Recall, ZSI, Dice Coefficients, and Jaccard Indices. Result obtained for the recommended segmentation compared
with methodologies using various combination of techniques. Similarly, the evaluation of classification is carried out
using accuracy, specificity, h-mean and sensitivity metrics.

Segmentation

The purpose of the proposed segmentation is to divide the cytoplasm, nucleus and background from the slide. Most
of the cells are segmented accurately and the sample segmented image at each stage is shown in the figure 5. The
slide image is the unprocessed original image obtained from the sliding window technique. Image enhanced using
CSRGAN technique and the binary image obtained using the BRO Threshold algorithm. It is predicted that most of
the BRO images correspond to the image of ground truth. A cell area of the image is predicted in overlaid image
with the help of K-Means Segmentation process.

To isolate nucleus and cytoplasm in the image require various phases. In the preprocessing stage, the massive pap
smear slide split into images of size 128¥128 and applied CSRGAN (Conditional Super Resolution GAN) in the
image. In the second phase, Battle Royale Optimization algorithm is applied for thresholding process to obtain
binary image. Later, in the third phase, a mask is obtained in order to segregate nucleus and cytoplasm in the given
image. For that, GVF snake and stepwise merging rules are implemented in the result image of k-means. The final
image obtained through the proposed techniques enhances the classification’s accuracy. Combination of several
algorithms involved in segmentation process and its results are given in the Table 1. Similarly, a graph in figure 6
illustrates that the proposed segmentation combined with the suggested preprocessing technique produced good
result. There is always a way to improve the segmentation technique, where the proposed clustering algorithm
rarely makes the segment falls into wrong cluster. A future work is intended to apply techniques which deals with
the problem.

Classification

In this section, 2 and 5-class classification implementation and its result is discussed. Table 2 illustrates that the
proposed model for 2-class classification problem(classifies into normal or abnormal) produces good result for 250
epochs. Confusion Matrix for the dataset for two-class classification problem is shown in the table 3. 63 instances of
normal cells were classified mistakenly as abnormal and 19 instances of abnormal case were misclassified as normal.

Similarly, for the 5-class classification problem of the dataset (classifies the data into Dyskeratotic, Koilocytotic,
Metaplastic, Parabasal or Superficial-Intermediate), the classification report for the five class classification is shown
in the Table 4.

Confusion Matrix for the dataset for five-class classification problem is shown in the Table 5. 11 instances were
misclassified in different classes. In Table 6, the performance score for the proposed model is shown. ResNet like
network for the cervical cell classification achieves good results.

DISCUSSION

A model proposed for cervical cell segmentation, CSRGAN technique converts the cervical cell image into high
resolution image to enhance the segmentation process is unique in this process. Most researchers used herlev dataset
(7-class) and in this work attempt is made to include MiniSipakmed dataset for training and testing the model for
cervical cell segmentation and classification. Good precision value in segmentation results in higher sensitivity value
in classification and similarly, good value of recall in segmentation results in higher specificity value in classification.
Combination of CSRGAN technique, Battle Royale Optimization thresholding, K-Means clustering algorithm with
Stepwise merging rules and GVF Snake yields good score of 0.93 Precision, 0.94 Recall, 0.98 ZSI, 0.94 DC and 0.87
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JLSimilarly, classification using resnet like network on 2-class classification problem is: 99.8% Accuracy, 99.9%
Specificity, 99.1% Sensitivity and 99.7% h-mean. For 5-class classification problem, the performance scores are: 99.1%
Accuracy, 99.9% Specificity, 99.1% Sensitivity, 99.6% h-mean. In general, the obtained results indicate that the model
proposed for cervical cell segmentation and classification is effective.

CONCLUSION AND FUTURE WORK

This paper proposes a strategy to segment and classify cervical cells. MiniSIPkeMed dataset from kaggle is employed
for implementation. After pre-processing technique, K-Means algorithm with stepwise merging rules and GVF snake
is applied to segment nucleus and cytoplasm in the image. A performance measure is utilized to assess the level of
accuracy of recommended segmentation against other segmentation techniques. Evaluation metrics involved in this
work includes Precision, Recall, ZSI, DC, and JI. The proposed segmentation technique produces the best mean
performance of 0.93 Precision, 0.94 Recall, 098 ZS], 0.94 DC, and 0.87 JI. The main advantage of this work is the
utilization of Super resolution technique to enhance the resolution which further helps in the thresholding technique
in terms of computation i.e, High resolution image involved in thresholding provides better result compared to low
resolution images. In the classification stage, ResNet like network is implemented on both 2-class and 5-class
classification problem. Results indicate that ResNet is a powerful network architecture to classify cervical cells. For 2-
class classification problem, the result obtained is: 99.8% Accuracy, 99.9% Specificity, 99.1% Sensitivity and 99.7% h-
mean and for 5-class classification problem, the performance scores are: 99.1% Accuracy, 99.9% Specificity, 99.1%
Sensitivity, 99.6% h-mean. The drawback of our model is the proposed technique requires high processing power.
Future endeavor can set a goal to reduce the processing power by using deeper networks.
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Table 1 : Performance measures using various combinations of algorithm

Method Precision Recall ZSI DC ]I

CSRGAN + K-Means 0.81 0.79 0.81 089 0.79
BRO+K-Means 0.88 0.89 094 091 082
Otsu+K-Means 0.85 0.84 093 0.83 0.76
CSRGAN+Otsu+K-Means 0.90 0.93 097 086 0.88
Entropy+K-Means 0.86 0.84 093 075 0.67
CSRGAN+Entropy+K-Means 0.88 0.90 096 079 081
CSRGAN+BRO+K-Means with Stepwise merging rules and GVF Snake 0.93 0.94 098 094 087

Table 2. Performance score for dataset in Two- Class classification of 250 epoch
Fold Accuracy Specificity Sensitivity h-mean

1 97.3% 97.5% 97% 96%

2 98.2% 99.2% 97% 97.2%
3 98.7% 99.7% 98.2% 98.5%
4 98.9% 99.6% 98.7% 98.7%
5 99.8% 99.9% 99.1% 99.7%

Table3. Confusion Matrix of binary classification problem of datasets.

Actual
Normal Abnormal
Predicted Normal 489 63
Abnormal 19 1398

Table 4. Classification report dataset in Five- Class classification
Precision F1 Score Recall

Dyskeratotic 0.96 0.92 091
Koilocytotic 1.00 0.96 0.97
Metaplastic 1.00 0.91 0.89
Parabasal 0.86 0.94 1.00
Superficial-Intermediate  1.00 0.97 0.90

Table 5. Confusion Matrix of five class classification problem of all datasets (1974 data).

Actual
Dyskeratotic Koilocytotic Metaplastic Parabasal Superficial-Intermediate
Dyskeratotic 389 3 0 0 0
Koilocytotic 1 385 5 0 0
Predicted  Metaplastic 0 2 383 0 0
Parabasal 0 0 0 392 0
Superficial-
Inte};mediate 0 0 0 0 377
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Table 6. Performance score for dataset in Five- Class classification of 250 epoch
Fold Accuracy Specificity —Sensitivity —h-mean

1 89.7% 99.2% 91.2% 95%

2 952% 99.3% 95.8% 97.2%
3 98.2% 99.7% 98.2% 99.2%
4 99.6% 99.9% 99.6% 99.8%
5 99.1% 99.9% 99.1% 99.6%

0
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Figure 1 : Process of Proposed Segmentation As Figure 2. Each pixel of an individual cell image is

plotted in a scatter plot, having every pixel assigned to
one of three groups chosen by coloring from the
bottom left to the top right

2 ; i ;
o ; i {
B e | B | [ | B3 | x| fhes | Bes | 8
b2l 32 s Lz b : gl | ganl
¥ 1
1% Layer =4 Layer 3o Layer

Fig.3 Fig.3 a) The sample image before segmentation b) Fig. 4ResNet like architecture
Nuclei Segmentation after applying stepwise merging rule

o) Cytoplasm segmentation after applying Gradient Vector

Flow Snake

65527



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences % www.tnsroindia.org.in ©I[JONS
Vol.14 / Issue 81 / Dec / 2023 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Janani and Francis Xavier Christopher

Slide Image CERGAN ERO Threshold

Figure 5. Segmentation Results sample using proposed method
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ABSTRACT

Dioscorea villosa L., known as wild yam, is a perennial twining vine found in the wild, bearing cylindrical
tubers. The tuber is consumed and traditionally utilized for treating a variety of ailments. The objective of
the current study was to perform phytochemical analysis and assess the nutritional value and
antioxidant activity of D. villosa. Further, GC-MS analysis was carried out to determine the bioactive
components in methanolic tuber extract. The preliminary phytochemical screening of the tuber extracts
revealed the presence of carbohydrates, alkaloids, flavonoids, tannins, saponins, phenols, proteins and
glycosides. Total phenolic content and total flavonoid content were quantified. Results showed that wild
yam tubers are a healthy source of protein, carbs, and fiber and have the ability to scavenge DPPH free
radicals, indicating the anti-oxidant activity of this plant. GC-MS analysis identified 12 important
bioactive compounds mnamely n- hexadecanoic acid; Cycloheptasiloxane, tetradecamethyl-;
Octanediamide, = N,N’-Di-Benzoyloxy-; = Cyclooctasiloxane, hexadecamethyl-;  Tetracosamethyl-
cyclododecasiloxane; Phthalimide; Cyclodecasiloxane, Eicosamethyl-; Alpha- Bisabolol;
Cyclononasiloxane, octadecamethyl-; Heptasiloxane, hexadecamethyl; N-propyl 11-octadecenoate and
3’,8,8’- Trimethoxy-3-piperidyl-2,2’-binaphthalene- 1,1’,4,4’- tetrone.

Keywords: Dioscorea villosa, Phytochemical, Nutritional value, Bioactive component, Antioxidant activity.

65529



http://www.tnsroindia.org.in
mailto:uma.dutta@cottonuniversity.ac.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©I[JONS

Vol.14 / Issue 81 / Dec/ 2023 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Bhaigyaroti Muchahary et al.,

INTRODUCTION

Since the beginning of civilization, human beings have used plant resources for their well-being.As per estimates
from the World Health Organization, almost 80 percent of the global population depends primarily upon traditional
medicines to fulfil their basic medical requirements. The medicinal value of plant is due to the presence of various
phytochemical constituents. These are alkaloids, flavonoids, tannins, saponins, phenolic compounds [1].Over 80,000
of the 2,50,000 higher plant species that exist on Earth are used medicinally [2]. There are many wild plants found in
the forest with both food and medicinal values which are still unexplored or neglected. The genus Dioscorea
belonging to family Dioscoraeceae has more than 600 species throughout the world [3].Dioscoreaspp., commonly
known as yams are regarded as one of the oldest crops that are grown or collected from the wild and plays an
important role in the food habits of several ethnic groups[4]. The majority of the species are distinctive in terms of
food, medicinal, and economic worth. It ranks as the fourth most significant tuber crop after potatoes, cassava, and
sweet potatoes, accounting for approximately 10% of global root and tuber production[5]. However, yam tubers are
preferable when compared to other tuber crops in terms of nutrients[6]. Studies indicated yam tubers to be a source
of vital nutrients such as starch, lipids, protein, vitamins and minerals [7-9].

Studies revealed numerous ethnomedicinal uses of Dioscorea. Different Dioscorea species are used by people of
different ethnic communities in treating various health problems such as fever, weakness, stomach related issues,
piles [10], rheumatoid arthritis, swellings, jaundice [11], diabetes, skin infections [12,13]. Research has established
that yam possesses anti-tumor, anti- oxidant, anti-bacterialanti-inflammatory [14,15]and anti- diabetic
effects[16,17].In addition, majority of yams contain steroidal saponin, Diosgenin, which is used as the starting
material in pharmaceutical industry for the synthesis of steroidal drugs [18]. It is helpful in inflammatory disorders,
diabetes, obesity,dyslipidemia as well as cancer [19]. Dioscorea villosa L., commonly known as wild yam, is one of the
important medicinal plants among the variety of Dioscorea species. D. villosa is a perennial twining vine with
cylindrical tubers that are pale brown in colour, woody and bear horizontal branches [20]. The tuber is consumed
and used traditionally to treat various ailments.It contains alkaloids, steroidal saponin, diosgenin, protodioscin,
dioscine, tannin, glycosides, phytosterols, phenols[21,22].It is used in traditional medicine for treating digestive
disorders, rheumatoid arthritis, inflammation [23].1t is also reported as an effective antispasmodic that can be used to
treat cramps,muscular spasms, coughs, and gas. Itis also helpful in releasing phlegm, causing vomiting, and boosting
urine flow. Tubers are also beneficial for women with menstrual problems, menopause and post-menopausal
symptoms as well as helps in reducing labour pain [10,24].In recent years, usage of herbal medicines has been
tremendously increased due to multiple complications and wide range of side effects of synthetic drugs.Despite
many reports on phytochemical and biological activities of Dioscorea, along with studies on the treatment of variety
of illnesses, there is a paucity of literature regarding this particular species, D. villosa.

Under this contemplated background, the present study has been made to analyse the phytochemical constituents,
nutritional content and antioxidant activity of tuber extracts of D. villosa.

METHODS

Preparation of plant extract

Plant material was collected from Chirang district, Assam. Tubers were washed thoroughly with water, cut into thin
slices and dried in shade for 3-4 weeks. Then the dried material was grinded to fine powder using mechanical
grinder. The powder was stored in air tight container at 4°C.The powdered material was then subjected to extraction
using double distilled water, ethanol and methanol following Soxhlet method [25].The extracts were then evaporated
to dryness in rotary evaporator. The extracts were used to test the phytochemical contents.
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Preliminary phytochemical screening

Test for Alkaloids

Crude extract was mixed with few drops of HCl. The mixture was filtered and treated with Mayer’s reagent
(potassium mercuric iodide). The presence of cream precipitate indicates presence of alkaloids.

Test forCarbohydrate

Solvent-free extract was mixed with 5ml of distilled water, filtered and the filtrate was concentrated. To this,
Benedict’s solution was added and boiled for 5 minutes.Brick red precipitate indicated the presence of
carbohydrates.

Test for Flavonoids
To the crude extract, few drops of NaOH solution were added. Deep yellow coloration, which on addition of dilute
hydrochloric acid becomes colourless indicates the presence of flavonoids.

Test for Glycosides
Extract is dissolved in water with use of glacial acetic acid, ferric chloride and concentrated sulphuric acid. Brown
ring at the junction shows the presence of glycoside.

Test for Tannins (Ferric chloride test)
To 1 ml of sample, 1 ml of 0.008 M potassium ferric cyanide, followed by 1 ml of 0.02 M ferric chloride containing 0.1
N HCl was added. Blue-black coloration was observed indicating presence of tannins.

Test for Saponins (Foam test)
Crude extract was mixed with distilled water and shaken vigorously. To the mixture, few drops of olive oil was
added. Formation of foam indicated the presence of saponins.

Test for Steroids (Salkowski test)
Extract was dissolved with chloroform and concentrated sulphuric acid was carefully added to form a layer. A red
color indicated the presence of steroids.

Test for Phenolic compounds
Few drops of 5% ferric chloride solution were added to the extract. Dark green/bluish black colour indicates the
presence of phenolic compounds.

Test for Proteins and amino acids (Millon’s test)
Extract was dissolved in distilled water, filtered and few drops of Millon’s reagent were added. Appearance of white
precipitate indicates presence of proteins and amino acids.

Test for Terpenoids
Extract was mixed with chloroform. Concentrated sulphuric acid was then added.A reddish-brown precipitate at the
interface was observed indicating the presence of terpenoids.

Quantitative analysis of total phenolic content

Estimation of total phenolic content of different tuber extracts of D. villosa was done following Folin- Ciocalteu
reagent method [26] with modification. Gallic acid was used as standard to compare the phenolic contents of tuber
extracts and the results were expressed as mg of GAE (Gallic acid equivalent)/gm of the extract.
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Quantitative analysis of total flavonoid content

Aluminium Chloride method [27] with slight modification was employed to quantify total flavonoid content of tuber
extracts using quercetin as standard. Total flavonoid content was represented as mg of QE (Quercetin
equivalent)/gm of tuber extract.

Determination of Nutritional value

Determination of moisture,ash, fiber, fats and proteins were carried out using standard protocols [28]. The nitrogen
content was calculated by micro-kjeldahl method, and then the value was multiplied by 6.25 (conversation factor) to
obtain protein content [28]. The total carbohydrate was obtained by following the arithmetic difference method given
by James [29] where the sum of value including protein, ash and fat is subtracted from the total solids.The total solid
was estimated by subtracting the moisture percent from 100 [29].

Determination of Antioxidant activity:
The antioxidant activity of the methanolic, ethanolic and aqueous extract were determined by measuring the free
radical scavenging activity using 1, 1-diphenyl-2- picrylhydrazyl (DPPH) free radical scavenging assay [30].

GC-MS analysis

Gas Chromatography- Mass Spectrometry (GC-MS) analysis was carried out to study the bioactive compounds
present in methanolic extract of D. villosa tuber. For this, 2 ul of methanolic extract was injected into Perkin-Elmer
(USA) GC-MS instrument (Model- Clarus 680 GC &amp, Clarus 600 MS). Elite-5MS capillary column having
dimensions of 60m x 0.25mm x 0.25um and stationary phase- 5% diphenyl and 95% dimethyl polysiloxane was used
for the analysis. The temperature was set at 60°C (for 1 min) with an increase rate of 7°C/min to 200°C, held for 3 min,
followed by increase at the rate of 10°C/ min to 300°C and held for 5 min. Helium (99.99%) was used as a carrier gas
at the flow rate of 1 ml/min. TurboMass Ver.6.1.2 software was used in the system. Peaks appeared in the GC-MS
chromatogram were analyzed using database software of National Institute Standard and Technology- 2014 (NIST-
2014).

RESULTS

The results of phytochemical screening of tuber extracts of D. villosa shows the presence of various phytochemical
compounds such as alkaloids, carbohydrates, flavonoids, glycosides, tannins, saponins, steroids, phenolic
compounds, proteins and terpenoids which are shown in Table 1.From the result, it was found that methanolic
extract contains most of the phytochemicals compared to aqueous and ethanolic extracts. Glycosides and steroids are
absent in both aqueous and ethanol extract. Terpenoids was found to be present in methanolic and ethanolic extract
but absent in aqueous extract.

Methanol, ethanol and aqueous extract of D. villosa tuber were tested for total phenolic and total flavonoid content
using standard procedures.Total phenol and total flavonoid amount were expressed as mg of gallic acid equivalent
(GAE) and mg of quercetin equivalent (QE) per gram of dry extract, respectively Results showed that different
extracts have varying amounts of total phenolic and total flavonoid content (Table 2). The methanolic extract
contained the maximum amount of flavonoids and phenol content, followed by the ethanolic and aqueous extract.
Analysis of proximate content of D. villosa tuber were shown in Table 3. The result revealed presence of appreciable
amounts of carbohydrate (26.73%), crude protein (2.82%), crude fiber (4.03%), ash (3.06%), moisture (68.39%) and
low-fat content (0.51%).

DPPH radical scavenging activity of tuber extracts were carried out to determine the antioxidant activity and results
are shown in Table 4. The scavenging activity was found to be highest in ascorbic acid followed by DV tuber extracts.
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Among the tuber extracts, methanolic extract showed the highest activity (95.14%) followed by ethanol extract
(90.03%) and aqueous extract (79.13%) (Figure 1).

Considering the better results shown by the methanol extract in terms of preliminary phytochemical screening,
phenolic, flavonoid content and anti-oxidant activity, GC-MS analysis was performed to identify the Phyto
compounds in the methanolic extract. GC-MS chromatogram showing the peak identity of compounds is shown in
Figure 2. From the chromatogram, 12 compounds were detected. Among the identified compounds, n- Hexadecanoic
acid represents a major bioactive compound with peak area % of 15.217. Other identified compounds include
Cycloheptasiloxane, tetradecamethyl-; Octanediamide, N,N’-Di-Benzoyloxy-; Cyclooctasiloxane, hexadecamethyl-;
Tetracosamethyl-cyclododecasiloxane; Phthalimide; ~Cyclodecasiloxane, Eicosamethyl-; Alpha- Bisabolol;
Cyclononasiloxane, octadecamethyl-; Heptasiloxane, hexadecamethyl; N-propyl 11-octadecenoate and 3’,8,8'-
Trimethoxy-3-piperidyl-2,2’-binaphthalene- 1,1',4,4’- tetrone.The identified compounds along with their retention
time, molecular formula, molecular weight, peak area % and their biological activity were presented in Table 5. The
chemical structure of these compounds is shown in Figure 3.

DISCUSSION

Medicinal plants are receiving interest on a global scale due to the low cost, wide availability, and no or minimal side
effects of herbal medicines. Plants constitutes rich source of essential bioactive components which can be utilized in
the production of novel therapeutic drugs. Therefore, in the present study, phytoconstituents, nutritional content and
antioxidant activity of important medicinal plant, D. villosa was analysed. Phytochemical screening result showed
the presence of proteins, alkaloids, phenols, flavonoids, tannins and saponins in the ethanolic extract of D. villosa
tuber which was also reported in previous study [48]. Glycosides and steroids were observed in methanolic extract.
Similar result reported for D. villosa leaves [23]. Presence of carbohydrate in all the three extracts i.e., methanol,
ethanol and aqueous was also reported in D. deltoidea tuber [49].

The moisture content of D. villosa tuber was found to be 68.39%, which is within the range (65.47% to 82.46%) as
reported for 15 local accessions of water yam by Fauziah et al. [50]. However, the value is slightly lower than 2 wild
yam species (76.37% and 80.15%) from Nigeria [9] and higher than 58.92% reported for D. deltoidea[49]. The result
showed 3.06% of ash content, almost similar result shown by earlier study [9]. This may indicate good source of
important minerals and trace elements [51]. The crude protein (2.82%) value in the current study is in accordance
with that of D. deltoidea (2.13%) [49] and D.villosa tuber (2.21%) [9]. Moreover, the value of crude protein is higher in
comparison to other tuber and root crops like sweet potato (1.6%), cassava (1.4%) and very similar to that of potato
(2.57%) reported by Chandrasekara & Josheph Kumar [52]. High protein content enhanced the nutritional status of
yam tuber as an everyday food.Crude fat content is found to be low i.e., 0.51%. This suggests that D. villosa tuber can
be considered as low-fat food which when included in regular diet can be beneficial for shedding body weight and
managing cholesterol. The value of crude fibre content (4.03%) is a bit higher as reported by Afiukwaet al.[9]. Also,
this value is found to be more as compared to other yam species shown by previous studies, such as 1.68% [53],
1.98% [54] and 0.41% to 2.05% [55]. The reason for such variation could be connected to the plant’s genetic make-up,
environmental conditions as well as the time when it is being harvested [56]. Tuber of D. villosais a good source of
fibre, thereby fulfilling the requirements of fibre in the body and when consumed in sufficient amount helps in
improving the health conditions [57].The carbohydrate content (26.73%) in this study is much lower than 85.16% and
78.71% reported for local wild yam varieties of Nigeria [9]. However, this percentage comes in between the values
ranging from 17.10% -29.37% of wateryam tubers [50].Also, the value is higher than that of other tuber crops such as
potato (12.44%) and sweet potato (20.10%) shown by Haytowitzet al. [58]. A relatively high percentage of
carbohydrate makes D. villosa a good alternative source of carbohydrate to satisfy the needs of carbohydrate by the
body.

Plants act as an essential source of antioxidants that capture free radicals and combat undesirable health issues
brought on by oxidative damage. Therefore, antioxidant activity of different extracts of D.villosa tuber was evaluated
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by measuring the free radical scavenging activity using DPPH test. The free radical scavenging activity against
DPPH was highest in standard, which can be shown in order as: Ascorbic acid > Methanolic extract > Ethanolic
extract > Aqueous extract. Padhan et al. [59] reported the inhibition of DPPH radical by different Dioscorea species
tuber extract at different concentrations, suggesting that the yam extracts have the ability to donate an electron or
hydrogen for scavenging DPPH.

GC-MS analysis revealed important bioactive compounds present in the tuber extract. The major bioactive
compound, n- hexadecanoic acid having anti-oxidant potential was also detected in D. bulbifera bulb [60]. Detection
of other bioactive components in the tuber extract such as cycloheptasiloxane, tetradecamethyl-, Cyclooctasiloxane,
hexadecamethyl- and Cyclononasiloxane, octadecamethyl- were also reported from extract of other medicinal plant
such as Toddalia asiatica[61]. These phytochemicals contribute to the pharmacological properties of the plant.

CONCLUSION

From the findings of the present study, it can be concluded that D. villosa contains a number of phytoconstituents
such as alkaloids, carbohydrates, flavonoids, saponins, phenols, tannins and proteins. The tubers offer a good
amount of carbohydrates, proteins, fibre, and a low level of fat. As a result, this plant has the potential to be used as
an alternate food source. The methanolic extract has the highest DPPH radical scavenging activity of all the extracts.
The GC-MS analysis of the tuber extract identified important bioactive components that contribute to the medicinal
properties of this plant. However, more extensive research needs to be conducted for the isolation and
characterization of these bioactive components, and also to discover their mechanism of action, which can aid in the
creation of novel drugs.
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Tablel: Phytochemical constituents present in methanolic, ethanolic and aqueous crude extracts of D. villosa

tuber

Phytochemical constituents Methanolic extract Ethanolic extract Aqueous extract

Alkaloids + + +

Carbohydrates + + +

Flavonoids + + +

Glycosides + _ _

Tannins + + +

Saponins + + +

Steroids + _ _

Phenolic compounds + + +

Proteins and Amino acids + + +

Terpenoids + + _

+ sign indicates presence and — sign indicates absence

Table 2: Total phenolic and total flavonoid content of different tuber extracts of D. villosa
Extract of D. villosa Total phenolic content (mg of GAE/gmof  Total flavonoid content (mg of QE/gm of

tuber extract) extract)
Methanolic extract 18.65+0.31 12.40+0.23
Ethanol extract 16.87+0.12 11.21+0.16
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Aqueous extract 1633 +0.05 10.88 +0.07
Value expressed as Mean + SE, where n=3
Table 3: Proximate content (%)of D. villosa tuber
D.villosa Moisture Ash Crude Protein Crude Fat Crude Fiber Carbohydrate
tuber 68.39+0.25  3.06+0.07 2.82+0.03 0.51+0.12 4.03+0.18 26.73+0.06
Value expressed as Mean + SE, where n=3

Table 4: DPPH radical scavenging activity by D. villosa tuber extracts

Sample % DPPH radical scavenging activity
Ascorbicacid 98.06+0.21
Aqueous extract 79.13+0.08
Methanol extract 95.14+0.62
Ethanol extract 90.03+0.15

Values represented as Mean + SE (n=3)

Table 5: Important bioactive compounds identified in the methanolic tuber extract of D. villosa

Compound name Retention Molecular Molecular Peak Biological Activit
P time (RT) Formula Weight Area % 8 ¥
Cyelohentasilox Antibacterial, antifungal
ycoheptastoxane, 15221 CuH2OsSir 518 0841  and antitumor activities
tetradecamethyl-
[31].
Anaphylactic antitumor,
arylamine-N-
Acetyltransferase-
inhibitor, increases
natural killer cell
o . activity. Inhibit tumor
Octaned de, N,N’-Di- ; ..
anediamice ! 17.152 C22H21N205 412 1.759 necrosis factor activity,
Benzoyloxy- .
Myo-neuro stimulant,
NADH oxidase
inhibitor, NADH-
ubiquinone-
oxidoreductase-inhibitor
[32].
Cyclooctasiloxane, . .. .
19.438 C16H4sOsSis 592 1.895 Antimicrobial[33].
hexadecamethyl-
Hepatoprotective,
Tetr thyl-
cracosameny 22184 CatHOuSirz 888 2117 antispasmodic,
cyclododecasiloxane

antirheumatic [34].
Antimicrobial [35], anti-
Phthalimide 23.780 CsHsNO2 147 0.536 inflammatory, anti-viral,
anti-cancer [36].

. Anti-microbial, anti-
Cyclodecasiloxane,

. 24.895 C20He0O10Si10 740 0.992 helmintic, anti-oxidant
Eicosamethyl-
[34].
Anticancer [37],
Antioxidant [38], Anti-
Alpha- Bisabolol 25.295 CisH260 222 0.502 inflammatory[39],

Nephroprotection [40],
Gastroprotection [41],
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p
Cardioprotection
[42].
Cyclononasiloxane, 28.897 CisHOsSio 666 0972 Anti-oxidant [43].
octadecamethyl-
. . Anti-oxidant, anti-
n- hexadecanoic acid 30.308 Ci6H302 256 15.217 .
bacterial [44].
Heptasiloxane, 30.728 CiHsOSir 530 1.694 Antimicrobial [45].
hexadecamethyl
N-propvl 11 Pesticidal, Antimicrobial,
propy 32.884 CorHuO: 324 6515 Antifungal [46].
octadecenoate
3 ’8’8. ) T]il(;mlet;(;(y&- Anticancer,antiarthritic
| pipenayss s 37.746 CasHsNOy 487 1376 and anti-inflammatory
binaphthalene-1,1,4,4’- [47]
tetrone '
= DFPH i
1720
5‘_";: 100 S
z = = i
A — = = _
. E E E
AA AE ME EE
Figure 1: showing DPPH activity (%) of standard Figufe 2: Gas Chrdniatogfa}lnhy-Mésls Spectrox.netry"
(Ascorbic acid) and different extracts of D. villosa tuber. chromatogram of methanolic extract of D.
AA- Ascorbic acid, AE- Aqueous extract, ME- Methanol villosatuber

extract, EE- Ethanol extract
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ABSTRACT

The Kashmir Himalaya is home to a rich floristic diversity of considerable scientific interest and
enormous economic potential. The current study was conducted to assess the role of standing vegetation
in Kupwara city's urban forestry. The study region was examined using Simpson's Diversity Index,
Shannon- Wiener Index, Menhinick's Richness, Evenness, and Sorensen coefficient, which demonstrated
that the study areas are rich in vegetation and can help with long-term carbon sequestration. Qualitative
analysis revealed that Poa annua L. dominated at all Sites for Density, Frequency, Diameter at breast
height (cm), Relative Density, Relative Frequency, Relative Diameter at breast height, IVI-Importance
Value Index. The present study describes vegetation diversity along an altitudinal gradient at different
sites of temperate forests, which indicates that IV of Abies pindrow increases as altitude increases, whereas
IV of Cedrus deodara decreases along altitude. Thus elevation is also an important factor in the distribution
of vegetation. During the field work it also observed that the vegetation cover is depleting at a very high
pace due to population explosion and bringing terrestrial ecosystems in their agriculture land use.

EY WG WD

Keywords: Phyto-Sociological Parameters, Standing Vegetation, Urban Area, Kupwara and Biodiversity

INTRODUCTION

The vast and diverse natural resources are crucial for human survival and well-being. The vegetation of the forest
holds a special and significant place among all natural resources. Man has used the bounty of the forests for his own
economic advancement since the beginning. The increasing population trend over the last few decades, combined
with the subsequent reliance on plant products, has resulted in extensive exploitation of natural flora and fauna
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(Morris et al, 1987). Forest resource degradation is primarily caused by the expansion of agricultural practises,
uncontrolled grazing, excessive logging for fuel, lopping for fodder, timber for construction, military activities,
mineral exploration, extraction, quarrying, and over-exploitation of economically important products such as food,
medicines, gums, resins, and so on. The loss of forest extent and production poses a challenge to the well-being of
rural people that rely on the agri-pastoral economy for a living. Forest loss and degradation also result in the loss of
ecological services provided by forests. The effects could include the conversion of carbon dioxide sinks to sources of
vegetative carbon release into the atmosphere; changes in forest composition and the possible loss of particular forest
types; and an increase in the problem of landslides and soil erosion (Gillision, 2006). The existing hydrological
imbalances are thought to be related to the reduction of vegetative cover. The study of flora, soil, and the constituent
floristic components present within a region has taken on enormous relevance in light of such a dire scenario. The
composition and organization of plant communities have a substantial impact on diversity patterns. Understanding
how biodiversity is spread through space and time has long been a priority for ecologists and bio-geographers. The
distributions of diversity at different spatial scales show a gradient (Brown & Lomolino, 1998; Field et al, 2009). Thus,
efforts must be concentrated on identifying and comprehending the relationships and patterns of vegetation that are
influenced by varied environmental situations. The useful data produced in this way may be of enormous
importance for tracking and protecting our priceless vegetation wealth at the landscape level rather than at the
species level.

Historically, the conservation of forests and wildlife in Jammu and Kashmir has an illustrious legacy, dating back to
the former Maharaja's reign. Currently, under the in-situ conservation method, approximately 15.6% of the state's
total geographic area is demarcated as part of a protected area network; including 5 national parks, 14 wildlife
sanctuaries, 37 sanctuaries and 4 Ramsar sites. Over the years, a number of botanical gardens, zoos and aquariums
have been established, contributing to the conservation of translocation biodiversity in the state. A series of
legislative measures have been enacted to ensure proper implementation of conservation programs in the state. In
addition, coordinated research and comprehensive management plans are in place to conserve top species. Despite
all these conservation measures in recent times, the state still has to overcome difficult challenges to integrate
biodiversity conservation into the public policy making process and make it the mainstay of public policy
(Satyanarayan and Gaur, 1968).

MATERIALS AND METHODS

Study area

Kupwara district is situated between 34°45 and 75° 20 east longitudes in the northern Kashmir valley. The district's
368 villages cover a combined area of 2,379 square kilometers with 8755, 64 people, or a population density of 368
people per square kilometer. At lower elevations, the region experiences a dry subtropical climate, whereas higher
up, it experiences a subtropical humid climate. In lower altitudinal regions, summer is scorching, but in higher
levels, it is pleasant. The district experiences widespread snowfall throughout the chilly winter. The Indian
Meteorological Department provided the metrological information for District Kupwara. 1250 mm of rain falls
annually on average. The two months with the most rainfall—291 mm and 188 mm, respectively —are July and
August, while November has the least—19 mm. In the region over 1600 metres, it snows a little bit in January and
February.

Sampling approach

The Random Quadrat sampling method was employed for above ground vegetation with 4 permanent quadrats of
20 m x 20 m for trees and 1 m x 1 m size for the herbs at both the sites. Trees with GBH > 10 cm were taken into
consideration for estimation of biomass using allometric equation of (Anderson and Ingram 1989). Herb biomass
estimation was done on dry weight basis using equation of (Hairiah et al., 2001)

65542



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©I[JONS

Vol.14 / Issue 81 / Dec/ 2023 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997
Laraib Ahad and Rayees Afzal Mir

Data analysis

The information collected from the study sites was subjected to various phyto-sociological parameters and analysis
was done both quantitatively (Density, Frequency, Diameter at breast height (cm), Relative Density, Relative
Frequency, Relative Diameter at breast height, IVI-Importance Value Index) and qualitatively (Simpson’s Diversity
Index, Shannon-Wiener Index, Menhinick’s Richness and Sorensen coefficient) by using standard expressions. The
Importance Value Index (IVI) was done by sum of relative frequency, relative density and relative dominance
(Shannon and Weaver 1949, Menhinick’s 1964, Sorensen 1948)

RESULTS

Family species relationship

At Site-], the survey plots yielded a total of 34 different species belonging to 10 different Families (Table 1). A total
number of 37 species belonging to 13 different families were found in site II (Table 2) 37species belonging to 11
different families were found in site III (Table 3) and 50 different species belonging to 14 families was found in site IV
(Table 4) respectively. The dominant families include Asteraceae, Rosaceae, Lamiaceae, Ranunculaceae, Brassicaceae,
Solanaceae, Amaranthaceae and Plantaginaceae.

Phytosociological parameters of tree vegetation at different locations of Kupwara

At Site-I, the highest density was showed by Poa annua L. at sites. Several species showed 100 percent frequency at
all the sites. The highest density was shown by Sibbaldia cuneata Edgew.while the lowest density was shown by Pinus
wallichiana A.B.Jacks. the highest IVI at site 1 was shown by Abies pindrow Royle and the lowest IVI at site 1 was shown by
Wulfenia amherstiana Benth. At site 1, the highest value of Relative frequency was shown by  Iris hookeriana Foster, Euphorbia
wallichii Hook.f, Thymus linearis Benth., Veronica laxa Benth. and Anaphalis triplinervis.

The detailed information about density, frequency, diameter at breast height (cm), relative density, relative
frequency, and relative diameter at breast height and importance value index is shown in table 1. IN site II, the
highest frequency (100%) was shown by Impatiens brachycentra Kar. & Kir, Viburnum grandiflorum Wall. ex DC
Artemisia dubia Wall, Stipa sibirica Lam, Taraxacum officinale. Indigofera heterantha Brandis , and Viburnum grandiflorum
Wall. ex DC. while the lowest frequency was shown by Rubus ellipticus Sm. (40%). All the parameters like Density, F-
Frequency, DBH- Diameter at breast height (cm), RD-Relative Density, RF- Relative Frequency, RDBH -Relative
Diameter at breast height, IVI-Importance Value Index are discussed in Table 3.

IN site III, the highest frequency (100%) was shown by Abies pindrow Royle , Ajuga parviflora Benth, Dryopteris ramosa
(C.Hope) C Chr, Stipa sibirica Lam, Taraxacum officinale. Indigofera heterantha Brandis , and Viburnum grandiflorum Wall. ex
DC. while the lowest frequency was shown by Rubus ellipticus Sm. (40%). All the parameters like Density, F-
Frequency, DBH- Diameter at breast height (cm), RD-Relative Density, RF- Relative Frequency, RDBH -Relative
Diameter at breast height, IVI-Importance Value Index are discussed in Table 3. IN site IV, the highest frequency
(100%) was shown by Viburnum grandiflorum Wall. ex DC, Parrotiopsis jacquemontiana Rehder, Indigofera heterantha
Brandis, Ranunculus laetus Wall.ex Hook.f.&].W.Thomson, Poa annua L. Fragaria nubicola Lindl. ex Lacaita Pinus wallichiana
A.B.Jack, and Cedrus deodara(Roxb.) G.Don. while the lowest frequency was shown by Rosa brunonii Lindl (20%). The
highest density was shown by Poa annua L and lowest was shown by Abies pindrow Royle. The highest Diameter at
breast height was shown by Cedrus deodara(Roxb.)G.Don. and lowest DBL was shown by Primula vulgaris Huds. The
highest relative frequency was shown by Viburnum grandiflorum Wall. ex DC and lowest was shown by Rosa brunonii
Lindl. All the parameters are discussed in Table 4

Nativity

According to nativity al the species are divided into two groups N AND E. A total of 34 different species was found
in site 1, among them, N = 16 species and E =18 species. A total number of 37 species were found in site I, in site II,
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N=17species and E=20. 37species were found in site III and among them N=19 species and E=18 and 50 different
species was found in site IV and in site IV N=26 species and E=24 species (Graph 1).

Raunkiaers Life Forms
In our study area all the plants which were present in all sites (I, II, Il and IV), were divided into 8 different types
according to Raunkiaers life form pattern. Graph 2 gives the clear picture of all the life forms in all sites

DISCUSSION

Diversity is considered the result of species assessment in bio geographic regions. It is considered an overall measure
of community structure, complexity, and stability (Hubble and Foster, 1983). This is a combination of two factors:
The number of species present, called species richness, and the distribution of individuals among species, called
species equity or species equity. Biodiversity therefore refers to the variation that exists between different life forms.
In this study, the general structure of vegetation and high frequency and IVI of Abies pindrow at all sites, as well as
elevation, play an important role in species distribution, as shown in Table-1. The woody element dominates that the
Kupwara temperate zone. Coniferous species were widely distributed in different elevation zones. Cedrus deodara,
Pinus excelsa, Ulmus wallichiana, Fir pindrow. The herbaceous layer was predominant at almost all altitudes. The area
is also rich in medicinal plants, with more than 27 species used commercially by locals. Some of them are still used
by locals in traditional medicine. Crops such as Cedrus deodara, pinu excelsa, and fir trees are also used as building and
furniture materials. Due to the high altitude and tribal inhabitation of the area, medicinal plants such as
Berberislycium, Belladona, Discorea Saussurea lappa, Podophyllum emodi and Artemisa absinthium are used in folk
medicine.

Most of the world's temperate forests are thought to have been logged without human knowledge (Wilcove et al.,
1986). In the temperate Himalayas, rapid population growth and various human activities in recent decades have
caused several environmental problems (Ives and Messerli, 1989). Despite its remoteness and status, Northern Lolab
is not free from human interference. Deforestation has driven many species in the region to extinction as forests are
under biological pressure. Therefore, ecological management of the area is urgently needed. Many medicinal plants
are used for combustion or as animal feed. Poisonous plants such as Aconitum napellus, Datura stramonium,
Hyoscyamus niger and Rhus acuminata have also been found in the area. The use of alternative energy sources in the
study area is considered essential when it comes to protecting forests, biodiversity and terrestrial ecosystems. We can
also observe an increase in cultivated land area at the expense of forest area, so this trend can be confirmed from
alternative refined sources. Forest cover is also regularly assessed, so communities are informed to protect against
decline, and have confidence in their natural impacts and air purification. The selection of fast-growing species by
local arable land managers is encouraged through community participation during replanting, as farmers are
interested in economic development through income from arable land. Vegetation cover restoration is done by a
bottom-up approach. Community poverty reduction strategies are developed to minimize dependence on wood
sources for livelihoods. The ecological contribution of elders/ancestors to forest conservation is also maintained
through an emphasis on community participation. Sustainable development initiatives are also promoted by sources
cited to boost the region.

Other researchers have examined the phytodiversity of various areas in Central India and have produced
conclusions that are somewhat comparable to our results (Sharma et al., 2019, Kumari et al., 2018). According to the
study, Poa annua L displayed the highest density, which is in line with Bhat ef al., (2016). Poa annua L exhibited the
maximum density at Site-I, which Kumari et al., (2018) have deemed justifiable. Native species are more common
than invasive plants, according to Bhat et al (2016). Poa annua L., Viburnum grandiflorum Wall. ex DC., and Androsace
sarmentosa WALL. were the most prevalent species at both sites and have the most basal area . The explanation could
be that local species have adapted to the region's hot, humid temperature, whereas the same climate makes it
difficult for invasive species to become acclimated. According to Sheikh et al., (2017), the Shannon Diversity Index,
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which measures the species diversity of an area by taking into consideration both the density and evenness of the
species present, was found to be less than (Kumari et al., 2018). Simpson Index was found to be higher than in Sheikh
et al. (2017) but lower than in Kumari et al., (2018) which may be related to edaphic factors, vegetation structure
(Hubbell et al., 1999), and the influence of anthropogenic as well as environmental factors on different regions of the
area . The closeness of various species in a region is revealed by species evenness, which was higher than Sharma et
al (2019) and had a significant impact on diversity In the studied area, various species were closely related to one
another, which provides insight into the species' richness, which refers to the presence of various species in a given
area and was found to be higher than (Sheikh et al., 2017) and lower than (Kumari et al., 2018: Sharma et al., 2019).
The study found that trees with a big diameter create the most biomass, with tall trees and trees with a larger
diameter (Day et al., 2014) holding the most biomass (Gibbs et al., 2007). The current study's findings are consistent
with Thompson et al., (2009)'s suggestion that mature forests are adobe to a vast number of tress, as demonstrated by
our findings.

CONCLUSION

Floristic diversification is vital in maintaining a region's climate by utilising carbon dioxide and so reducing global
warming. Various green patches of vegetation existing within different locations play an important role in lowering
atmospheric temperature and sequestering atmospheric carbon dioxide, hence efforts must be made to enrich and
protect these precious patches of flowering vegetation. Furthermore, new techniques must be taken to pay utmost
attention to the maintenance of biodiversity in Kupwara city's urban forestry, which can help in carbon dioxide
reduction and long-term environmental sustainability.
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Table 1: Phyto-sociological parameters of tree vegetation at Site-I: D- Density, F-Frequency, DBH- Diameter at
breast height (cm), RD-Relative Density, RF- Relative Frequency, RDBH -Relative Diameter at breast height, IVI-
Importance Value Index

Scientific Name F D | DBH | RF | RD | RDBH | IVI

Abies pindrow Royle 60 | 54 | 67284 | 245 | 494 | 9471 | 102.12
Pinus wallichiana A.B.Jacks. 100 | 0.6 | 365.76 | 4.09 | 0.54 5.15 9.80
Iris hookeriana Foster. 80 | 1.7 | 047 | 327 | 155 | 0.006 4.84
Euphorbia wallichii Hook.f. 100 | 3 033 | 4.09 | 2.74 | 0.004 6.85
Thymus linearis Benth. 100 | 9 0.11 409 | 274 | 0.001 6.84
Veronica laxa Benth. 100 | 29 | 034 | 409 | 265 | 0.004 6.75
Anaphalis triplinervis. 100 | 49 | 020 | 409 | 448 | 0.002 8.58

Poa annua L. 100 | 142 | 007 | 4.09 | 1300 | 0.00 17.10

Viola odorata L. 100 | 10 01 | 4097 | 915 | 0.0015 | 13.252
Polygonum amplexicaulis D.Don 100 | 51 019 | 4.09 | 467 | 0.002 8.77
Myosotis arvensis Hill . 100 | 2.7 | 0377 | 409 | 247 | 0.005 6.57
Ranunculus laetus Wall.exHook.f& Thomson. | 100 | 24 | 041 409 | 219 | 0.005 6.30
Podophyllum hexandrum Royle. 60 | 1.5 04 24 | 137 | 0.0058 | 3.83
Stipa sibirica Lam. 60 | 1.7 | 035 | 245 | 155 | 0.004 | 4.02
Viola biflora L. 100 | 51 | 019 | 4.09 | 467 | 0.002 8.77
Trifolium pratense L 40 | 12 | 033 163 | 1.09 | 0.004 2.74
Trifolium repens L. 40 | 14 | 028 163 | 128 | 0.004 2.92
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Artemisia parviflora Roxb.ex D.Don 80 | 21 038 | 327 | 192 | 0.005 520
Artemisia absinthium L. 80 | 19 | 042 | 327 | 1.73 | 0.005 | 5024
Artemisia dubia Wall. 100 | 21 | 047 | 409 | 1.92 | 0.006 6.02

Wulfenia amherstiana Benth. 40 | 12 | 033 163 | 1.09 | 0.004 2.74
Sambucus wightiana Wall. 20 | 1.2 | 016 | 081 | 1.09 | 0.002 1.92
Impatiens brachycentra Kar. & Kir. 100 | 1.8 | 055 | 409 | 1.64 | 0.007 5.75
Sibbaldia cuneata Edgew. 80 | 62 | 012 | 327 | 5.67 | 0.001 8.95
Cotoneaster nummularius Fisch. & C.A. Mey. | 80 | 2.8 | 028 | 327 | 256 | 0.004 5.84
Isodon rugosus Codd . 20 1 02 081 | 091 | 0.002 1.73

Juniperus squamata Buch.-Ham. ex D.Don. | 100 | 2 05 | 4098 | 183 | 0.007 593
Lonicera quinquelocularis Hard . 20 | 11 018 | 081 | 1.00 | 0002 | 1.821
Rubus ellipticus Sm. 20 | 1.3 | 015 | 081 | 1.19 | 0.002 2.01

Rubus ulmifolius Schott 20 | 1.2 | 016 | 081 | 1.09 | 0.002 1.92

Sorbaria tomentosa Rehder 40 | 11 0.36 163 | 1.00 | 0.005 2.65

Spiraea bella Sims. 20 | 21 0.09 | 081 | 192 | 0.001 2.74

Viburnum grandiflorum Wall. ex DC. 100 | 44 | 022 | 409 | 4.02 | 0.003 8.13
Salix denticulata Andersson. 80 | 29 | 027 | 327 | 265 | 0.003 5.93

Table 2. Phyto-sociological parameters of tree vegetation at Site-II: D- Density, F-Frequency, DBH- Diameter at
breast height (cm), RD-Relative Density, RF- Relative Frequency, RDBH -Relative Diameter at breast height, IVI-
Importance Value Index

Scientific Name F | D | DBH RF | RD | RDBH | IVI
Abies pindrow Royle 80 | 2.8 | 209702 | 444 | 3.88 | 52.06 | 60.39
Picea smithiana Boiss 60 | 14 | 10668 | 333 | 1.94 | 2648 | 31.76
Pinus wallichiana A.B.Jacks 80 |08 | 85344 | 444 | 1.11 21.18 | 26.74
Ajuga parviflora Benth 60 |15 04 333 | 208 | 0.009 | 542
Anaphalis royleana DC 20 | 14| 0142 | 111 | 194 | 0.003 | 3.059
Androsace sarmentosa WALL. 20 | 35| 0.057 111 | 486 | 0.001 | 5973
Anthemis cotula L. 20 | 21| 009 | 1.11 | 291 | 0.002 | 4.030
Artemisia absinthium L. 80 | 35| 0228 | 444 | 486 | 0.005 | 9311
Bothriochloa ischaemum L. 20 | 15| 0133 111 | 208 | 0.003 | 3.19
Cirsium vulgare (Savi). 20 |06 | 0333 | 1.11 | 0.83 | 0.008 | 1.952
Cynoglossum glochidiatum Wall.ex Benth. 60 |15 04 333 | 208 | 0.009 | 5426
Fragaria nubicola Lindl. ex Lacaita 40 (45| 0.08 222 | 625 | 0.002 8.4
Impatiens brachycentra Kar. & Kir. 20 |06 | 0333 | 1.11 | 0.83 | 0.008 | 1.95
Isodon rugosus Codd 20 |09 | 0222 | 111 | 1.25 | 0.005 | 2.36
Oxalis corniculata L 20 | 09| 0222 111 | 125 | 0.005 | 2.366
Plantgo major L. 60 | 11| 0545 | 333 | 1.52 | 0.013 | 4.87
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Plantgo lanceolata L. 40 | 1 04 222 | 138 | 0.009 | 3.62
Poa annua L. 80 | 85| 0094 | 444 | 1180 | 0.002 | 16.25
Polygonum amplexicaulis D.Don. 40 |17 | 0235 | 222 | 236 | 0.005 | 4.58
Rumex napalensis Meisn. 40 | 12| 0333 | 222 | 166 | 0.008 | 3.89
Stipa sibirica Lam. 80 |33 | 0242 | 444 | 458 | 0.006 | 9.03
Taraxacum officinale F.H.Wigg 40 (39| 010 222 | 541 | 0.002 | 7.64
Thymus linearis Benth. 40 (23| 017 222 | 319 | 0.004 | 542
Veronica laxa Benth. 40 | 37| 0108 | 222 | 513 | 0002 | 7.36

Viola odorata L. 60 | 2 03 333 | 277 | 0007 | 6.11

Wulfenia amherstiana Benth. 20 | 09| 022 111 | 125 | 0005 | 236
Berberis lycium Royle 20 | 2 0.1 111 | 27 0.002 | 3.891
Clematis montana Buch.Ham.ex DC. 60 | 07| 085 333 | 097 | 0021 | 432

Cotoneaster nummularius Fisch. & C.A. Mey. | 40 | 0.7 | 057 222 | 097 0.01 32
Indigofera heterantha Brandis 10 |27 | 037 555 | 375 0.00 9.31
Lonicera quinquelocularis Hard 60 | 1 0.6 3333 | 1.38 | 0.014 | 473
Parrotiopsis jacquemontiana Rehder 80 | 13| 0.61 444 | 180 0.01 6.26
Rosa webbiana Wall. ex Royle 60 | 1 0.6 333 | 138 | 0.014 | 4737
Rubus ellipticus Sm. 40 |11 0.36 222 | 15 0.009 | 3.75

Salix denticulata Andersson 40 |11 0.36 222 | 151 | 0009 | 3.75
Sorbaria tomentosa Rehder 40 | 09| 044 222 | 125 0.01 3.48
Viburnum grandiflorum Wall. ex DC. 100 | 24 | 041 555 | 3.33 0.01 8.84

Table 3. Phyto-sociological parameters of tree vegetation at Site-III: D- Density, F-Frequency, DBH- Diameter at
breast height (cm), RD-Relative Density, RF- Relative Frequency, RDBH -Relative Diameter at breast height, IVI-
Importance Value Index

Scientific Name F D | DBH | RF | RD | RDBH | IVI
Abies pindrow Royle. 100 | 1.2 | 13716 | 359 | 126 | 1478 | 19.64

Acer caesium Wall. ex Brandis. 60 | 02 | 3048 | 215 | 0.21 3.28 5.65
Picea smithiana Boiss. 60 | 02 | 36576 | 215 | 021 | 3941 | 4178
Taxus wallichiana Zucc. 60 | 04 381 | 215 | 042 | 4105 | 43.63
Ajuga parviflora Benth. 100 | 12 | 083 | 359 | 1.26 0.08 495
Artemisia dubia Wall. 60 | 12 05 |215| 1.26 0.05 347
Cerastium davuricum Fisch. ex Spreng. 60 2 03 |215] 211 0.03 430
Chenopodium urbicum L. 80 | 33 | 024 | 287 | 348 0.02 6.38
Cirsium vulgare (Savi). 80 | 27 | 029 | 287 | 285 | 0031 | 576
Dryopteris ramosa (C.Hope) C Chr. 100 | 2 05 |359]| 211 0.05 5.76
Fragaria nubicola Lindl. ex Lacaita 80 | 134 | 005 | 287 | 1414 | 0.006 | 17.03
Impatiens brachycentra Kar. & Kir. 80 | 19 | 042 | 287 | 200 | 0.045 | 492
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Mentha longifolia L. 60 | 14 | 042 |215| 147 | 0.046 | 3.68

Oxalis acetosella L. 60 | 24 | 025 |215| 253 | 0026 | 471
Phytolacca acinosa Roxb. 60 | 11 054 | 215 | 116 | 0058 | 337
Poa annua L. 80 | 175 | 004 |287 | 1847 | 0004 | 21.36

Polygonum amplexicaulis d.Don. 80 2 04 |287] 211 0.04 5.03
Polygonum aviculare L. 60 | 14 | 042 | 215 | 147 0.04 3.68
Ranunculus laetus Wall.exHook.f& Thomson. | 80 | 2.8 | 0285 | 287 | 295 0.03 5.86
Rumex dentatus L. 80 | 1.7 | 047 |287| 179 | 0.050 | 4.723

Silene coronaria Clairv. ex Rchb. 80 | 23 | 034 | 287 | 242 | 0037 | 534
Stipa sibirica Lam. 100 | 38 | 026 |359| 401 | 0.028 | 7.63
Taraxacum officinale F.H.Wigg 100 | 1.7 | 058 | 359 | 1.79 | 0063 | 545
Urtica dioica L. 60 | 12 05 |215| 126 | 0053 | 3.472

Veronica laxa Benth. 80 | 37 | 021 | 287 | 390 | 0023 | 6.80

Viola odorata L. 80 | 37 | 021 |287| 390 | 0.023 | 6.80

Abies pindrow Royle 80 | 09 | 088 |287| 095 0.09 | 3.923
Berberis lycium Royle 60 | 1.2 05 |215]| 1.26 0.05 347
Cotoneaster nummularius Fisch. & C.A. Mey. | 60 | 1.6 | 0375 | 215 | 1.68 0.04 3.88
Indigofera heterantha Brandis 100 | 12 | 083 | 359 | 1.26 0.08 495
Parrotiopsis jacquemontiana Rehder 100 | 22 | 045 | 359 | 232 0.04 596
Rosa webbiana Wall. ex Royle 60 1 06 |215]| 1.05 0.06 | 3.278
Rubus ellipticus Sm. 40 | 1.3 | 030 | 143 | 137 0.03 2.84
Sambucus wightiana Wall. 60 | 1.5 04 |215]| 1.58 0.04 3.78
Sorbaria tomentosa Rehder 80 2 04 |287 ] 211 0.04 5.03
Viburnum grandiflorum Wall. ex DC. 100 | 4 025 | 359 | 422 0.02 7.84
Pinus wallichiana A.B.Jacks 60 | 14 042 | 215 | 147 0.04 3.68

Table 4. Phyto-sociological parameters of tree vegetation at Site-IV: D- Density, F-Frequency, DBH- Diameter at
breast height (cm), RD-Relative Density, RF- Relative Frequency, RDBH -Relative Diameter at breast height, IVI-
Importance Value Index

Scientific Name F D | DBH RF | RD | RDBH | IVI

Abies pindrow Royle. 40 | 05| 13716 | 1.14 | 044 4.07 5.67
Cedrus deodara(Roxb.)G.Don. 100 | 3.6 | 2001.01 | 2.87 | 322 | 59.50 | 65.60
Pinus wallichiana A.B.Jacks. 100 | 32 | 1207.0 | 2.87 | 2.86 35.89 | 41.63
Achillea millefolium L. 80 | 25 0.32 229 | 224 | 0009 | 455
Ajuga intregrifolia Buch.-Ham. 60 |12 0.5 172 | 1.07 | 0014 | 281
Anthemis cotula L. 60 | 3.3 | 0.181 172 | 295 | 0.005 | 4.68
Artemisia absinthium L. 60 |18 0.33 1724 | 1.61 0.009 | 3.34
Artemisia dubia Wall. 60 | 1.7 | 035 172 | 152 0.01 3.25
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Chenopodium urbicum L. 80 | 28| 028 229 | 251 | 0.008 | 4.81
Cirsium arvense Scop. 80 | 2 04 229 | 179 | 0011 | 410
Fragaria nubicola Lindl. ex Lacaita 100 | 45| 0.22 287 | 403 | 0.006 | 6.91
Geranium nepalense sweet. 60 | 09| 0.66 1.72 | 0.80 0.01 2.55
Geranium robustum Kuntze. 80 |31 025 | 2295 | 278 | 0.007 | 5.08
Herniaria hirsuta L. 60 | 09| 0.66 172 | 080 | 0.019 | 255
Hypericum perforatum L 80 | 29| 027 229 | 260 | 0.008 | 4.907
Impatiens brachycentra Kar. & Kir. 80 | 27| 029 229 | 242 | 0008 | 472
Malva neglecta Wallr 80 | 19| 042 229 | 170 | 0.012 | 4.01
Mentha longifolia L. 60 | 34| 017 172 | 3.04 | 0.005 | 477
Myosotis arvensis Hill 80 | 38| 021 229 | 340 | 0006 | 571
Oxalis acetosella L. 60 | 23| 026 172 | 206 | 0.007 | 3.79
Plantago major 60 | 36| 0.16 172 | 322 | 0004 | 495

Plantgo lanceolata L. 40 | 21 0.19 114 | 1.88 | 0.005 | 3.03

Poa annua L. 100 | 61| 0.16 287 | 547 | 0.004 | 834

Potentilla nepalensis Hook. 80 | 33| 024 229 | 295 | 0007 | 526
Primula denticulata Sm. 80 [ 28| 028 229 | 251 | 0.008 | 4.81
Primula vulgaris Huds. 40 | 22| 018 114 | 197 | 0.005 | 3.12
Ranunculus laetus Wall.ex Hook.f.&].W.Thomson. | 100 | 23 | 043 287 | 206 | 0012 | 494
Rumex dentatus L. 60 | 21| 028 172 | 188 | 0.008 | 3.61

Silene coronaria Clairv. ex Rchb. 60 | 23| 026 1.72 | 2.06 0.07 3.79
Stellaria media Vill. 40 | 08 05 114 | 071 0.01 1.88

Stipa sibirica Lam. 80 | 31| 025 229 | 278 | 0.007 | 5.08
Taraxacum officinale F.H.Wigg 60 | 23| 026 1.72 | 2.06 0.07 3.79
Trifolium pratense L 80 | 28| 028 229 | 251 0.08 4.81
Trifolium repens L. 80 | 3.1 0.25 229 | 278 0.07 5.08

Urtica dioica L. 40 | 21| 019 114 | 188 | 0.005 | 3.03

Viola odorata L. 60 | 26| 023 172 | 233 0.06 4.06

Berberis lycium Royle . 60 | 2 0.3 172 | 1.79 | 0.008 | 3.52
Cedrus deodara(Roxb.)G.Don. 60 |12 0.5 1.72 | 1.07 0.01 2.81
Clematis montana Buch.Ham.ex DC. 80 | 1 0.8 229 | 089 | 0.023 | 321
Cotoneaster nummularius Fisch. & C.A. Mey. 100 | 1.1 0.90 287 | 0986 | 0.027 | 3.88
Indigofera heterantha Brandis. 100 | 1.1 1.00 2.87 | 0.89 0.02 3.80
Jasminum humile L. 40 | 09 0.44 1.14 | 0.80 0.01 1.96
Parrotiopsis jacquemontiana Rehder. 100 | 29 | 0.34 2.87 | 2.60 0.01 548
Rosa brunonii Lindl. 20 {09 ] 022 057 | 0.80 | 0.006 | 1.38

Rosa webbiana Wall. ex Royle. 60 | 11 0.54 1.72 | 098 0.01 2.72
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Rubus ellipticus Sm. 40 | 11 0.36 114 | 098 | 0.010 | 2.14
Rubus niveus Thunb. 40 | 14 0.28 114 | 125 | 0.008 | 241
Sambucus wightiana Wall. 80 | 12| 066 229 | 107 0.01 3.39
Sorbaria tomentosa Rehder. 80 | 11 0.72 229 | 098 | 0021 | 3.30
Viburnum grandiflorum Wall. ex DC. 100 | 2 0.5 287 | 1.79 0.01 4.68
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ABSTRACT

This survey paper explores the diverse and evolving landscape of Human-Computer Interaction (HCI)
applications within the domain of traditional medicine. Traditional medicine, encompassing a wide array
of ancient healing practices, is increasingly intersecting with modern technology to enhance patient care,
diagnosis, treatment, and knowledge dissemination. By synthesizing existing research and
developments, this survey provides a comprehensive overview of how HCI principles and technologies
are being leveraged to bridge the gap between traditional medicine and contemporary digital platforms.
The paper investigates a spectrum of applications, ranging from interactive diagnostic tools and
personalized treatment recommendation systems to virtual reality experiences that facilitate the
understanding and dissemination of traditional medical knowledge. Through an analysis of these
applications, the survey sheds light on the challenges and opportunities inherent in integrating HCI into
traditional medicine practices, considering factors such as cultural sensitivity, usability, accessibility, and
ethics. Ultimately, this survey not only showcases the innovative use of technology in traditional
medicine but also underscores the potential for HCI to enrich the preservation, accessibility, and
modernization of traditional healing practices.

Keywords: Traditional Medicine, Human Computer Interaction, digital technology, medicine.
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INTRODUCTION

Human-Computer Interaction (HCI) involves examining the interaction between users and computers. This
discipline has advanced significantly in enhancing our engagement with technology driven by computers. The
interface serves as a component of a computer system, facilitating user interactions for system utilization and goal
attainment. The efficacy of Human-Computer Interaction hinges upon essential factors like user-friendliness and
convenience. These qualities foster a sense of security and dependability among end users, enabling even those
without expertise to confidently and effortlessly access services. [1].For a long time, medical care has been an
important part of our lives, as the focus of HCIL In recent years, interest in Traditional Medicine has increased
worldwide. Traditional Medicine (TM) is a huge treasure house of medical resources, which provides a solid
guarantee for human health for thousands of years. Throughout the entire era, despite the rapid development of
modern medicine, the medical community has continued to raise voices for Traditional Medicine. The main reasons
are as follows; Traditional Medicine can also treat some diseases, and the effect is betterthan modern medicine. “The
World Health Organization (WHO) describes Traditional Medicine as the knowledge, skills and practices based on
the theories, beliefs and experiences indigenous to different cultures, used in the maintenance of health and in the
prevention, diagnosis, improvement or treatment of physical and mental illness" [2]. The World Health Organization
(WHO) uses and registers hundreds of traditional medical practices known worldwide.In the words of C.Fokunang
et al. [3], Traditional medicine refers to health practices, methods, knowledge and beliefs, including herbal
medicines, animal and mineral medicines, psychotherapy, manual techniques and exercises used alone or in
combination to treat, diagnose, and prevent human well-being or acceptance. It is the time to utilize the value for
traditional medicine in primary healthcare as it made a great impact during the recent pandemic. There are many
examples of the continuity of traditional medical systems around the world, Varieties such as acupuncture in China,
magnetic therapy in France, healing practices in Germany, herbalism in Sweden, Shiatsu therapy in Japan, Sowa
Rigpa in Tibet and Bhutan, and Indian Traditional Medicines like Ayurveda, Unani, Siddha, homeopathy,
naturopathy, and yoga represent some of the widely embraced alternative medical systems.

The era of Traditional Medicine predates modern medical practices. In contrast to contemporary medical
approaches, traditional medicine typically addresses health concerns by identifying the underlying causes of
symptoms rather than directly targeting the symptoms themselves [4]. Traditional medical systems often possess
specialized branches dedicated to the careful observation of symptoms and the tracking of diagnostic patterns [5].In
recent years, modern medicine emerges due to technology, equipped medical instruments, proper digitization,
modern drug discovery and development, whereas traditional medicine lack in digitization, modern technology and
modern devices. Hence digitalization and development of devices related to traditional medicine are needed. This
paper introduces a comprehensive survey concerning Applications of HCI in Traditional Medicine. However, in
order to determine traditional medicine or herbal medicine, experience in that field and technical wisdom is
necessary. This paper focuses on the survey of existing computer-based applications and recommends the need for
the HCI applications in traditional medicine. This paper is organized as follows. In Section II, this paper reviews the
existing surveys of computer technologies related to Traditional Medicine in various countries. Following that, this
paper discusses the need of modern technology, development trend and future research directions of Traditional
medicine in Section III. Finally, in Section IV, conclusion is drawn out.

REVIEW OF EXISTING SURVEYS

Traditional Medicine (TM) as per the World Health Organization is used nearly 80% of global healthcare, which is
commonly referred to as complementary medicine [5]. Uganda [6] Rely predominantly on traditional medicine for
mental health support. In the context of utilizing traditional remedies for addressing HIV/AIDS and associated
ailments, Wang and Zouet al. [7], reported in detail the various kinds of medicines extracted from herbal medicines
which is effective and used to fight against HIV/AIDS. In addition, Bhuda and Marumo [8] strongly advocated that
traditional medicine products should be taken into consideration for the prevention and treatment of the
coronavirus. [COVID19 (SARSCoV2)], especially in Africa.
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Survey of Chinese Traditional Medicine

Traditional Chinese Medicine (TCM) emerges as an age-old medical system originating from China that has
undergone profound evolution over thousands of years. TCM practitioners approach health concerns through a
comprehensive spectrum of psychological and physical interventions, encompassing practices like acupuncture and
tai chi, in conjunction with the utilization of herbal remedies. At present, Traditional Chinese Medicine encompasses
six prominent therapeutic methodologies, including acupuncture, moxibustion, tuina massage, cupping/scraping,
Chinese herbal treatments, and TCM-based nutrition [9]. Among these, acupuncture stands as the most prevalent
and recognizable facet.

Acupuncture involves the precise insertion of slender needles into specific points on the body, exemplifying a
traditional Chinese medical approach. Initially designed to alleviate pain, acupuncture, an integral aspect of TCM, is
increasingly being embraced for its contributions to holistic well-being, including stress management. Macedo Neto
et al. [10] have introduced a prototype of a Virtual Simulator for Acupuncture, offering valuable insights into the
acupuncture process. This prototype exhibits potential for further evolution into a virtual simulator with enhanced
realism. Notably, foundational technologies such as JOGL (Java OpenGL), Computer Graphics, and Virtual Reality
have substantially enhanced the efficiency of acupuncture simulation programs, augmenting interactivity during
training by incorporating 3D processing of human body models for pinpointing acupuncture points [11]. Employing
cutting-edge virtual reality technology, an intelligent virtual environment tailored for Chinese acupuncture learning
and training has been proposed [12]. [13] presents a comprehensive semantic network, outlining a classification
framework and acupuncture terminology sets that encapsulate acupuncture architectural knowledge. Within clinical
applications, an Automatic Manipulation Device for Acupuncture (AMDA) has been practically developed and
demonstrated [14].

Moreover, an Android platform has given rise to a robot-assisted acupuncture model, facilitating the creation of an
acupuncture point localization method [15]. A system designed to identify accurate acupuncture points using a
robotic arm for symptom treatment has been proposed [15]. In a parallel effort, a novel radio-frequency (RF)
stimulator has been constructed to replicate heat effects resembling the temperature distributions induced by
moxibustion in porcine tissue [16]. [17] leverages network embedding and deep learning to achieve precise side-
effect prediction within Traditional Chinese Medicine Compound Prescription. A groundbreaking AN ti-community
detection algorithm (ANDERATION) has been introduced, characterized by an objective function aimed at
generating an anti-structure, utilizing deep learning methodologies [18]. Proposing a paradigm shift, a model for
traditional Chinese medicine suggests a new system based on blockchain technology for record-keeping and
payments. This innovative approach holds the potential to address issues within the practice of Traditional Chinese
Medicine [19].

Survey of Indian Traditional Medicine

Traditional healthcare systems have consistently held a pivotal role in meeting global healthcare demands. The
Indian Systems of Medicine encompass practices that originated in India or were adopted from diverse cultures and
subsequently integrated into the Indian way of life. India distinguishes itself by recognizing six distinct medical
systems: Ayurveda, Siddha, Unani, Yoga, Naturopathy, and Homoeopathy [3]. Presenting a study rooted in
Ayurveda, an innovative approach is introduced that employs fuzzy logic to configure a diagnostic system. This
approach delineates Ayurvedic therapeutic strategies and their subsequent design and implementation [20]. Within
the Ayurvedic domain, advanced machine learning techniques are harnessed to predict human body constituents
and evaluate them across various parameters, culminating in the differentiation of bodily elements. Leveraging tools
such as CatBoost and optimized parameters, an impressive accuracy of 0.95 is attained [21]. Ayurveda leverages
automated vocabulary discovery to unveil novel transitive connections between diseases and herbs, underscoring
the significance of this method in extracting biological entities from text and elucidating their roles within transitive
associations in Text Mining [22]. [23] investigates diverse classifiers—SVM (Support Vector Machine), Decision
Trees, and K-NN (k Nearest Neighbor)—for the identification of herbal plants, conducting performance
comparisons.
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The synergy between Ayurveda, Information and Communication Technology (ICT), modern science, and
engineering techniques is explored, highlighting ongoing initiatives across diverse domains, including research
portals, pulse-based monitoring, diagnostic systems, and mobile applications [24]. An economical, non-invasive
approach is established, capitalizing on the diagnostic value of the wrist circumetric sign within the Siddha system,
presenting diagnostic and prognostic applications [25]. Pulse Analysis, an automated approach for disease detection,
employs three infrared sensors on the wrist to capture vata, pitta, and kapha pulses, which are subsequently
amplified and filtered using signal processing circuits [26,27]. [27] delves into the evolution of Ayurveda within the
context of technological advancements in information and communication. This intersection engenders
Ayurinformatics, a field that creatively leverages cutting-edge techniques to construct intricate models supporting e-
health record discovery, automated herb identification, and management.

Introducing Attentive Herb, a novel intelligent model designed to replicate a doctor's inquiry and prescription
process. Comprising a diverse array of herbs, this model automatically embodies specific concepts and learns the
connections between symptoms and plants by analyzing clinical records from traditional herbal medicine [28]. A
distinctive Embedded based Smart Yoga Mat (ESYM) design is presented, involving the identification of pressure
nodes through Force Sensitive Resistor (FSR) sensors. Subsequently, a node pattern is established, and an ESYM
control unit/algorithm for pattern recognition is devised to analyze Yoga poses, featuring a biofeedback method for
real-time posture correction [29]. [30] highlights how a consortium of institutions harnessed the collective strength of
employees, their families, and other stakeholders to combat an epidemic, leveraging the amalgamation of Yoga and
digital technology to enhance performance. Employing a non-linear classifier named k-SVM (Kernel-based Support
Vector Machine), [31] distinguishes between non-controlled and controlled groups using EEG
(electroencephalogram) signals in the context of kriya yoga meditation, achieving an accuracy of 90.8259%.

Survey of other countries Traditional Medicine

Various criteria were employed to discern and classify electronic databases concerning medicinal plants, with the
aim of amassing Indigenous Knowledge Systems Databases tailored to African Traditional Medicines, a subject that
is meticulously reviewed [32]. Leveraging Artificial Intelligence (Al) patterns, a system was devised to amass patient
information encompassing alterations in symptoms, shifts in moods, and even everyday activities often overlooked
in medical diagnosis [33]. A network titled "Monshin" emerged within Japanese Traditional medicine, materializing
as a questionnaire designed to capture patient lifestyle particulars and disease symptoms, utilizing the principles of
graph theory to target atopy disease [34]. It's noteworthy that the existing surveys have displayed a conspicuous
focus on Chinese Traditional Medicine, largely overlooking other rich Traditional medicinal systems. The
progression towards digitization and automation of traditional medicine across diverse nations requires further
development. Consequently, the incorporation of traditional medicine can no longer be brushed aside; concerted
efforts are indispensable to standardize and seamlessly integrate these practices into the conventional healthcare
framework through the avenues of digitization and automation.

DISCUSSION AND CHALLENGES

The utilization of natural elements underscores the profound significance of Traditional Medicine. Modalities such as
Traditional Chinese Medicine (TCM), Ayurveda, Kampo, Traditional Korean Medicine (TKM), and Unani, among
others, harness the potency of natural ingredients. Over centuries, these practices have traversed global boundaries,
culminating in regulated systems. While these methods may exhibit certain imperfections, they serve as repositories
of invaluable human wisdom [4]. Despite the worldwide incorporation of diverse technologies into Traditional
medicine, the discourse on digitization persists. A uniform global technological framework has yet to materialize
within the realm of traditional medicine. Challenges arising from inadequate infrastructure and the quest for
standardization hinder the widespread adoption of traditional medicine, occasionally fostering hesitancy towards
embracing these traditions. The contemporary surge in the utilization of Traditional medicine can be attributed to the
prevailing pandemic circumstances. In the landscape of Chinese Traditional Medicine, notable strides have been
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made in technological advancements, particularly in domains like Acupuncture. These advancements encompass
virtual simulators, virtual reality, 3D modeling of the human body, and even robot-assisted platforms. These
innovations converge a diverse array of technologies, including machine learning, Artificial Intelligence, and
blockchain. In the sphere of Indian Traditional medicine, extensive technological research is ongoing in fields like
Ayurveda and yoga. However, Siddha, an ancient traditional medical system, although proficient in treating various
maladies through pulse diagnostics analysis [26], necessitates considerable advancement. Hindrances such as limited
sample sizes, incongruous outcomes, and deficient research designs pose challenges in applying informatics
interventions to alternative medicine. Additionally, issues encompass statistical robustness, inadequate control
mechanisms, and inconsistent treatment descriptions. The task of standardization and policy formulation within
traditional medicine presents formidable obstacles. The integration of contemporary Human-Computer Interaction
(HCI) technology offers potential avenues to bolstering the integrity of research designs.

CONCLUSION

This paper delves into the confluence of varied technologies and methodologies within the domain of Traditional
medicine. A thorough exploration of multiple instances has been undertaken, spotlighting the amalgamation of
diverse computer technologies with traditional medicinal practices. Moreover, a substantial hurdle impeding the
ongoing progress of traditional medicine has been pinpointed. The pursuit of health and well-being stands as a
paramount facet of human existence. This endeavor demands a holistic approach that encompasses factors such as
unrestricted access to contemporary literature, articles, research, and databases, while embracing the adoption of the
latest validated techniques for the management and upkeep of health records. Researchers must possess the acumen
to effectively harness medical or health informatics within the context of Traditional Medicine. The infusion of
Information Technology into an age-old medical framework presents a promising avenue for exploration. Tackling
the existing gaps in informatics and seamlessly harmonizing national informatics infrastructure with established
Traditional Medicine systems could potentially emerge as pivotal themes for prospective research ventures.
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ABSTRACT

Molecular docking is a precise and error-free molecular recognition computation tool that predicts the
bonding efficiency of a protein-ligand complex. Cheilanthes swartzii, an unstudied fern variation, was
examined in molecular docking to learn more about its medicinal characteristics. The compounds were
tested for absorption, distribution, metabolism, and excretion characteristics, as well as lipophilicity. The
eight compounds are as follows: 1H-[1,2,3] Triazole-4-carbaldehyde, 1-methyl-1H-pyrazol-4-amine,
Ethanamine, 2-(4-methyl-1h-1,2,3-triazol-1-yl), 1,1,1-Trinitroethane, 1,2-oxazolidin-4-ol, N-
acetyldithiocarbamic acid ethyl ester, 1,4-dioxane-2,5-dimethanol, 2-aminoresorcinol. Docking analysis was
performed against the target Super antigen SMEZ-2 (1ET6).The compound 1,1,1-Trinitroethane has the
lowest binding energy, with a binding energy of -4.47 Kcal/mol. The compounds such as 1H-[1,2,3]Triazole-
4-carbaldehyde, 1-methyl-1H-pyrazol-4-amine,2-(4-methyl-1h-1,2,3-triazol-1-yl) ethanamine, 2-(4-methyl-
1h-1,2,3-triazol-1 yl)ethanamine, 1,1,1-Trinitroethane, 1,2-oxazolidin-4-ol, 1,4-Dioxane-2,5-dimethanol, N-
acetyldithiocarbamic acid ethyl ester, 2-Aminoresorcinolshowed interaction with the residue and will play
a major role in inhibiting the Super antigen SMEZ-2. The plant compound turned out to be possessing
antibacterial properties similar to that of the control compound nafcillin, suggesting that it could be
developed into a phyto-drug for the treatment of bacterial infections.
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INTRODUCTION

Medicinal plants are believed to be an important source of new chemical substances with potential therapeutic
effects [1] and are an important source of inexpensive and practical drugs for people throughout the world.
Herbal medicine is based on the premise that plants contain natural substances, which can promote health and
alleviate illness.

According to World Health Organization, medicinal plants are the best source to obtain a variety of drugs. About
80% of individuals from developed countries use traditional medicine. It is estimated that more than 6,000 higher
plant species forming about 40% of the higher plant diversity of the country are used in its codified and folk
healthcare traditions [2]. Significant quantities of medicinal plant resources are consumed in the country under its
traditional healthcare practices at the household level. The traditional healers and practitioners of medicinal
plants are playing major role in various industries. An idea about the richness and diversity of these health care
practices in India are fully dependent on the diversity of medicinal plants. Considering the rich diversity of
Indian medicinal plants it is expected that, the screening of plants may be useful in the preparation of improved
herbal or drug formulations.

A lot of research has been carried out on the medicinal properties of angiosperms since they are widely prevalent
and available. Some highly toxic angiosperm compounds have been shown to be effective in the treatment of
certain cancers, including acute leukemia (vincristine from the Madagascar periwinkle, Catharanthus roseus) and
heart problems (digitalis from foxglove, Digitalis purpurea) [3]. Pteridophytes have been considered a great source
of medicine since ancient times and, when compared to other vascular plants, they remain underexplored in
ethnobotanical aspects[4] since they are proven to be less versatile than other higher plants.However medicinal
ferns have been documented for their anti-inflammatory activity namely Pterismultifida [5], Cheilanthesfarinosa[6].
Ferns also reported for wound healing activities namely, Davalliasolida [7], Angiopterisevecta [8],
Nephrolepiscordifolia, ~ Ophioglossumreticulatum, — Thelypterisarida  [9],  Polyopodium  species  [10] and
Phlebodiumdecumanum [11] respectively. Bioactive constitutions of ferns exhibit diverse pharmacological
properties which include anti-oxidant, anti-bacterial, anti-tumor, and anti-inflammatory activities [12].0ur
country has a rich population of pteridophytes, most of the species are distributed in South Indian Mountains
called the Western Ghats and few species are in Eastern Ghats. The adverse effects of the drugs available today,
necessitate the discovery of new harmless pharmacotherapeutic agents from medicinal plants [13]. Natural
products have proven crucial leads for drug discovery, and natural product databases are a convenient source for
virtual screening against drug targets[14].

Drug research and development is a lengthy, expensive, and high-risk process involving random screening of
synthesized compounds or natural products that takes 10-15 years and costs more than $1-2 billion for each new
drug certified for clinical use[15]. Computer-aided drug design (CADD) approaches are important for reducing
the experimental use of animals for in vivo testing, assisting in the design of safer drugs, and repositioning
known drugs, assisting medicinal chemists at each step of the drug discovery process (design, discovery,
development, and hit-optimization).These In silico methods provide a platform for screening the activity of
potential therapeutics against the molecular targets, which helps to select the ones with the highest potential
activity for further in vitro and in vivo experiments [16].

The genus Cheilanthes is underexplored for its pharmacological properties but they have been used in folk
medicines for many applications such as for cough, headache, stomach pain, malarial fever, and hepatic problems
[17]. Taking into account the importance of the pteridophytic species and the fern Cheilanthes swartzii, the current
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study was undertaken to learn about the pharmacological property of the plant via in silico methods.

MATERIALS AND METHODS

Study area

The present study area Barliyaris confined to a major range of Nilgiri biosphere reserve, Southern Western Ghats
of Tamilnadu. It is located in the Udhagamandalam district of the Southwest of Tamil Nadu (Plate-1)and lies
between 1123436° N latitude and76°.840°E longitude. The elevation of the hills ranges 1033m / 3389feetabove
Mean Sea Level (MSL) and temperature varies between 10° and 22°C. Vegetation is predominantly deciduous
forests types and average annual rainfall is 1600mm.

Collection and Preparation of the plant material

Ferns species of the Cheilanthes swartzii Webb & Berthel. (= Syn. Cheilanthes mysurensis Wall. ex Hook.) were
collected from the Nilgiris, Tamil Nadu, India. The collected plant materials were washed with tap water
followed by distilled water to remove unwanted traces of debris. The plants were blotted on the blotting paper
and spread out at room temperature (30°C) in shade for 20 days. The completely shade-dried materials were
powdered separately. The powdered samples were stored in polythene bags for further phytochemical analysis.

In-silico activity

PDB &Pubchem

The 3D protein structure crystal structure of the Super antigen SMEZ-2 from Streptococcus pyogenes was recovered
from the Protein Data Bank database (PDB ID: 1ET6). Dynamic web page region was anticipated utilizing LigSite
online apparatus. The concoction mixes from the referenced plants were recovered from the PubChem database.

Drug ability

Swiss ADME software was accessed to estimate individual ADME behaviors of the compounds from Cheilanthes
swartzii. The list is made to contain one input molecule per line with several inputs, defined by a simplified
molecular input line entry system (SMILES) and the results are presented for each molecule in tables, graphs[18].

Molecular Docking Study In-silico activity

MGL tools with AutoGrid4 and AutoDock4 were used to set up and perform blind docking calculations between
the Ligands and Protein. Crystallized 3-dimensional structure was obtained from the Protein Data Bank (PDB).
Receptor (protein) and ligand (complex) files were prepared using Auto Dock Tools. The protein was enclosed in
a box with grid points in x, y and z directions and a grid spacing of 0.375 A. The center of the grid set to -6.516,
30.278 and -1.951 A. Lamarckian genetic algorithms, as implemented in Auto Dock, were employed to perform
docking calculations. For every Individual docking cases, the lowest energy docked conformation, according to
the Auto Dock scoring function and Number of hydrogen bonds was selected as the binding mode. The output
from Auto Dock was rendered with PyMol[19].

Pymol
All the bindings are visualized by using the Structure Visualizing tool Pymol viewer, the interaction between the
chemical compounds and target protein.

Statistical analysis

All analyses were carried out in triplicate and the data were reported as means. Where there was significance of
the difference between means was determined by Duncan’s multiple range test (p<0.05) using statistical standard
methods.
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RESULTS

PDB (Protein Data Bank)
The 3D structure of protein Super antigen SMEZ-2 (PDB ID: 1ET6) was retrieved from the protein data bank
(PDB) and it was viewed using the visualization tool pymol.

Pubchem
The compounds are isolated along with their molecular weight, molecular formula and pubchem CID, where
Pubchem is the database for accessing small molecule.

Selected 50 compounds were first subjected to analyze Absorption, Distribution, Metabolism, and Excretion
properties. As well as, lipophilicity is calculated to predict the range of solubility and permeability of the
molecule in octanol/water partition coefficient, brain/blood barrier in order to perceive the transport mechanism
in addition to it the following properties like molecular weight, octanol/water partition coefficient, hydrogen
bond donor and acceptor was observed. Apart from the above properties, additional parameters such as surface
area in square Armstrong (polar surface area, PSA) and percentage of human oral absorption were also predicted.
It was discovered that all the molecules shown in (Table-2)have values within the respective range mentioned.
Only 8 compounds (1H-[1,2,3] Triazole-4-carbaldehyde, 1-methyl-1H-pyrazol-4-amine, 2-(4-methyl-1h-1,2,3-
triazol-1-yl) ethanamine, 1,1,1-Trinitroethane, 1,2-oxazolidin4-ol, 1,4-Dioxane-2,5-dimethanol, N-
acetyldithiocarbamic acid ethyl ester, 2-Aminoresorcinol) accomplished all the above-mentioned parameters and
were further taken for docking analysis target Super antigen SMEZ-2 (1ET6). The results of docking studies were
recorded (Table 4). The least binding energy was recognized for the compound 1,1,1-Trinitroethane from the
plant Cheilanthes swartzii of binding energy -4.47 Kcal/mol. The plant compound had more antibacterial efficacy
than that of the control compound nafcillin, which could be further analyzed to make a phyto-drug as an
antibiotic.

DISCUSSION

In recent years, integrating computational methods in biomedical research has transformed the landscape of drug
discovery and disease understanding. Molecular docking has become a progressively important tool for drug
discovery. Since 1982, virtual screening involving molecular docking has been the growing method for structure-
based drug discovery [20].The benefits of virtual screening include small search space, low cost, and high
flexibility. Docking assists in the revealing of novel compounds of therapeutic interest, forecasting ligand-protein
interaction at a molecular basis [21]. Docking of phytochemicals obtained from plants on drug targets for
emerging diseases has revealed the potential of them to be used against the conditions [22].Kumar and
Navatheesh[23] embarked on a pioneering journey to combat bacterial skin disease, specifically impetigo,
through an in-silico screening of medicinal plant-derived compounds. Leveraging molecular docking, they
delved into the interactions between plant compounds and bacterial targets, shedding light on promising lead
molecules for impetigo treatment. This approach expedited the search for effective treatments and emphasized
the potency of computational methods in addressing urgent medical needs.

Employing in-silico analysis, molecular intricacies of Gaucher’s disease were unraveled. The researchers gained
invaluable insights into the disease's underlying mechanisms by probing potential therapeutic avenues through
computational methods. This investigation advanced the understanding of the disease and showcased the pivotal
role of computational tools in comprehending complex disorders and identifying potential drug candidates for
further exploration [24].In-silico screening was employed to determine the antibacterial potential of
Lycopodiellacernua. The study focused on DNA gyrase, a crucial bacterial enzyme, and utilized molecular docking
to predict the interactions between plant compounds and the enzyme's crystal structure. This work served a dual
purpose: uncovering the antibacterial properties of L. cernua and demonstrating the predictive capabilities of
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computational approaches in evaluating the binding affinity of plant-derived compounds against vital bacterial
targets [25]. Through in-silico investigation, the capacity of naturally occurring compounds to target the HIV ENV
spike protein a critical component of the virus was explored. This study not only showcased the potential of
natural compounds for HIV treatment but also highlighted the strength of computational methodologies in
elucidating the intricate molecular interactions underlying such therapeutic interventions[26].

The present work focuses on the in-silico analysis of phytochemicals obtained from Cheilanthes swartzii using the
AutoDock 4.2.6 software. Evaluation of ADME and toxicity properties of the drug molecules is also done as it is
an essential factor during drug discovery. SwissADME is employed to evaluate the in-silico pharmacokinetic
parameters viz., drug-likeness, physicochemical properties, lipophilicity, and water solubility. This study
investigated the antibacterial capabilities of compounds isolated from Cheilanthes swartzii using virtual screening,
as bacterial infections have become increasingly widespread in recent years. Streptococcus pyogenes, a Gram-
positive bacterial pathogen known to cause diseases such as pneumonia, rheumatic fever, pharyngitis, and scarlet
fever, was chosen to test antibacterial capabilities. Super antigen SMEZ-2 from the same organism was chosen as
the target [27].Super antigens have been the subject of intense studies over the last decade in an attempt to
determine their function in a variety of major medical conditions related to bacterial infections, such as
staphylococcal food poisoning, scarlet fever, necrotising fasciitis, and toxic shock. The compound 1,1,1-
Trinitroethane from Cheilanthes swartzii exhibited the highest binding energy of-4.47 Kcal/mol against the target.
The docking results were found to be promising with emod in having the highest binding score of —6.44 kCal/mol
followed by the isoflavonoidequol with a binding score of —6.29 kCal/mol Thus, these bioactive plant compounds
could be used as leads for drugs targeting Secreted aspartic proteinase (SAP)enzymes in treating resistant Candida
infections[28].

Collectively, these studies emphasize the pivotal role of computational techniques in reshaping biomedical
research. In-silico methods expedite the identification of potential lead molecules, unravel complex disease
mechanisms, and guide the design of innovative therapeutic strategies. By bridging the gap between
experimentation and theory, these approaches facilitate the exploration of natural sources for novel drug
candidates and the accelerated development of treatments for various diseases ranging from bacterial infections
to viral scourges. In conclusion, integrating in-silico methods into biomedical research has heralded a new era of
exploration and discovery. The studies discussed herein demonstrate the potential of computational approaches
in addressing diverse medical challenges, from bacterial skin diseases to intricate genetic disorders and viral
infections. As computational techniques evolve, their synergy with experimental validation promises
revolutionizing drug discovery and disease understanding, ultimately enhancing human health and well-being.
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Table 1: Structure of Protein
ORGANISM PROTEIN RESIDUES
NAME NAME & ID STRUCTURE COUNT
Streptococcus Superantigen SMEZ-2(PDB ID:
210

pyogenes 1ET6).
Table 2: Compound information from Cheilanthes swartzii
PLANT PUBCHEM MOLECULAR MOLECULAR

P HE P D
NAME UBCHEM COMPOUN CID FORMULA WEIGHT

1H-[1,2,3] Triazole-4-

227927 CsHsN=O 97.08 1
carbaldehyde T g/mo
L-methyl-1H-pyrazol-4- 4770990 CsH/N: 97.12g/mol
amine
2-(4-methyl-1h-1,23- 45791271 CsHioNs 126.16g/mol

. triazol-1-yl) ethanamine
Cheilanthes 1,11 Trinitroethane 11688 C:HNAOs 165.06g/mol
swartzit 1,2-oxazolidin-4-ol 2763904 GH/NO: 89.09g/mol
1,4-Dioxane-2,5-
dimethanol 545145 CeH104 148.16g/mol
N-acetyldithiocarbamic 3764547 CsHONOS: 163.3g/mol
acid ethyl ester
2-Aminoresorcinol 69451 CsH/NO:2 125.13g/mol
o 8982
Nafcillin (Control) C21H22N205S 414.5g/mol
Table 3- Drugability (ADME)
#H- +H
Molecule | Formula | MW #Rotatable | bond bond XLOG GI . BBB ]_:lpln.skl Syntl.te}].c
bonds [|acceptor| donors P3 |absorption|permeant|violations|Accessibility
s
Molecule1 |CsHsNsO|97.08 1 3 1 -0.61 High No 0 1.47
Molecule2 | CsH7Ns |97.12 0 1 1 -045 High No 0 1.29
Molecule 3 | CsHioN4 {126.16 2 3 1 -092 High No 0 2.18
Molecule 8 |C2H3sN30s|165.06 3 6 0 0.38 Low No 0 233
Molecule 10 | CsH7NO:z | 89.09 0 3 2 -1 Low No 0 2.66
Molecule 16 | CéHi1204 148.16 2 4 2 -1.53 High No 0 3.13
Molecule 18 | CsH1204 |148.16 2 4 2 -1.53 High No 0 3.13
Molecule 20 | CsH/NO2 [125.13 0 2 3 0.53 High No 0 1
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Table 4- Interaction of plant compounds with 1ET6
Name of ligand Binding Residues Bond }ength No. of bonds
energy Interacted (A) formed
ASN-192(H-O) 2.1
, ASP-59(H-O) 2.1
1H-[1,2,3]Triazole-4-carbaldehyde
-3.67 - - . 4
27927 (1) SER-194(O-N) 29
ASP-191 19
(H-O) '
ASP-59(H-O) 2.0
1-methyl-1H-pyrazol-4-amine 3.03 ASP-191 30 3
4770990 (c2) (N-0)
ASN-192(H-O) 2.0
ASP-59(H-O) 2.0
2-(4-methyl-1h-1,2,3-triazol-1- (1\/?- Sol\;&g_zo) 2.02.6
yl)ethanamine -4.44 SER-194 5
45791271 (C3 . 29
(C3) (N-O)
ILE-91(H-O) 24
LYS-193
2.6
(O-N) 29
1,1,1-Trinitroethane 447 (O-N) 20 4
11688 (c4) (O-N)
TYR-170
3.0
(O-N)
1,2-oxazolidin-4-ol -3.26 ASP-59(H-O) 1.8 0y
2763904 (C5) (H-O) 1.8
LaDi > 5 dimethanol ASP-59(H-O) 17
-Dioxane-2,5-dimethano
’ ’ -3.39 SER-194(O-N 3.0 3
545145(c6) ON)
(O-N) 3.0
N-acetyldithiocarbamic acid ethyl
ester -3.84 ASP-191(H-O) 2.1 1
3764547(C7)
THR-92(0-O) 33
- o PRO-93(H-O) 19
-Aminoresorcino
69451(C8) -4.08 (H-O) 25 5
SER-21(H-O) 1.8
(H-O) 1.9
CONTROL
Nafcillin
-6.97 ASP-59(H-O 1.9 1
8982(C9) (H-0)
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ABSTRACT

Investment decision making is an important aspect in personal financial planning. The decision-making
process varies from person to person. Some may follow traditional finance theory which is concerned
with a lot of data analysis of the company, the overall market conditions and so on. However, over a few
decades there is a shift from traditional finance theory to another approach known as Behavioural
Finance. According to behavioural finance, investment decisions are affected by various psychological
and demographic factors. It studies the mentality and even biases of people while they invest in various
investment avenues. The objective of this research paper is to understand the factors affecting investment
decisions in behavioural finance. The focus of the paper is to test the applicability of behavioural finance
in investment decisions of teachers in Mumbai.

Keywords: Behavioural Finance, Investment Decisions, Teachers in Mumbai.

INTRODUCTION

There are different theories of finance established by various experts and authors like Modigliani and
MillerArbitrage Principles, Markowitz Portfolio Theory, Sharpe’s Capital Asset Pricing Model and so on. They are
called as Traditional Finance Theories. These theories are useful for investors while taking investment decisions.
They explain the rules of investment and also state how things operate in the financial markets. They also assume
that markets are efficient, investors always take rational decisions, they have access to market information and they
have perfect self-control. But sometimes a common man finds it difficult to understand and mainly practically
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implement these theories. Therefore, these assumptions were challenged by psychologists. They were of the opinion
that investment decisions are influenced by emotional biases and cognitive errors because of which they tend to be
irrational. (Upadhyay & Shah, 2019). Behavioural Finance is a part of behavioural economics which takes into
consideration sociology, neuroscience, law, psychology and organisation behaviour along with traditional finance
theories. It explains the reasons behind the irrational behaviour of investors and especially why their behaviour does
not match with the classical theories. Since it is a combination of traditional finance with other branches the
investment decisions tend to be more accurate. (Samal & Mohapatra, 2020)

Definitions

¢ Behavioural Finance is an important subfield of finance which uses insights from the field of psychology and
applies them to the actions of individuals in trading and other financial applications-NASDAQ

¢ Behavioural finance is a field of finance that proposes psychology-based theories to explain stock market
anomalies such as severe rises or falls in stock price — Investopedia.(Kannadas, 2017)

LITERATURE REVIEW

® Ganesh Babu and Dr. Patel Nagaraj Goud (2016) in their research paper "A study on Behavioural Finance on
Investment decisions among individual investors" have discussed about the growth the existing status of
securities market in India. They have investigated various demographic factors and their influence on the choice
of investment.

e Prof. DevrshiUpadhyay and Dr. Paresh Shah (2019) in their research paper “A Study on Behavioural Finance in
Investment Decisions of investors in Ahmedabad” have tried to find out the major influence of certain
behavioural finance concepts like overconfidence, perception, regret aversion, mental accounting on the decision-
making process of individual investors in stock market. With the help of primary data, they have studied impact
of behavioural finance on investment decisions.

e Kannadas S (2017) in his research article “Behavioural Corporate Finance and its impact on IT sector decisions -
An Indian perspective” giveshis opinion that behavioural finance factors not only exist in personal investment
decisions but also in corporate investment decisions. He states that top level management decisions are
influenced by psychological factors and personal biases.

® Gaur Arti, Julee, SukijhaSunita (2011) in their research article “Difference in Gender Attitude in Investment
Decision Makingin India” arguethat traditionally all investment decisions were taken by males, however, the
scenario is changing now and even females take decision regarding the investment in stocks, bonds or real estate.
They further state that women have different outlook and preferencesthan men in financial decision making.

OBJECTIVES OF THE STUDY

e To study the concept of Behavioural Finance
e Tounderstand the factors affecting Behavioural Finance in Investment decisions
e To study the investment decision behaviour of teachers in different colleges in Mumbai

RESEARCH DESIGN AND METHODOLOGY

The research methodology for this research paper is exploratory and has been conducted based on primary and
secondary sources of data. The data has been obtained from books, articles, bare acts, and websites of religious trusts.
For the collection of primary data, a structured questionnaire was designed to study investment decision behaviour
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of teachers in different colleges in Mumbai. Sample size is 62 and Convenient sampling method has been used for the
collection of data. Descriptive Statistical analysis has been done to arrive at the findings and conclusions.

TRADITIONAL FINANCE VS BEHAVIOURAL FINANCE

Traditional Finance

e Itassumes thatinvestor correctly analyse the available data before making financial decisions.
¢ They properly consider risk and return involved in the investment.

¢ The decisions are based on reasons, logic and independent judgment.

Behavioural Finance

¢ Theinvestor may not analyse the available data before making financial decisions.

¢ Itassumes thatinvestment decisions are based on emotions and heard instincts.

¢ Therisk and return may not be correctly taken into consideration.

¢ Itrecognizes that people employ imperfect rules of thumb to process.(Upadhyay & Shah, 2019)

FACTORS IN BEHAVIOURAL FINANCE

1. Overconfidence - The overconfidence of investor tends to overestimate accuracy of the decision. The investor
may feel that available information is sufficient to take decision but may not be aware that the available
information is not adequate enough to develop a near- perfect forecast.

2. Review of decisions- Once a person forms an opinion, he may reluctant to review or alter it, even after receiving
new and relevant information.

3. Familiarity - People are comfortable with familiar things. They may invest in those stocks about which they are
familiar. It is a kind of shortcut while taking decisions.

4. Conformation Bias - Many times people favour that information which matches with their views. They ignore
information that contradicts their views.

5. Mental Accounting - Traditional finance states that every financial decision should be dependent on a rational
calculation about its impact on the wealth. However, in reality, people lack the computational skills and the will-
power to assess financial decisions and their impacts.

6. Narrow Framing - Ideallly investors should consider impact on total wealth. However, investors have influence
of narrow framing. It means investors consider each investment differently than considering the impact on the
entire portfolio.

7. Shadow of the Past - Previous experience have a direct impact on investment decisions. With one kind of
investment if investor has made profits he will be willing to go ahead with same kind investment even with
higher risks. On the hand if there is a loss from one investment the investors tend to avoid that investment.

8. Emotional Effects - Emotion shave an impact on risk-tolerance, which then influences portfolio selection.
Investors exhibit various emotions when they consider investment alternatives.

9. Herd Instincts- A natural instinct of human beings is being a part of a group. The investors tend to follow what
the group is doing. Rather than doing rigorous independent analysis. So, the decisions involve high
uncertainty.(Upadhayay, 2021)

TYPES OF BEHAVIOURAL INVESTORS

There can be four types Behavioural Investors

1. Passive preservers — They are the investors who are emotional, passive and not much interested in taking any
risk. Their main motive is not to grow the wealth but to keep the existing wealth safely.

2. Friendly followers — These investors depend a lot on their friends, colleagues, relatives etc. while taking
investment decisions. They are also passive and are ready to take less risk.
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3. Independent Individualist — As the name suggests they are independent while taking investment decisions.
They are very active and don’t mind taking risk.

4. Active accumulator - They are active and high-risk takers. Their motive is to accumulate maximum wealth. (OK
& Goud, 2016)(Upadhayay, 2021).

APPLICATION OF BEHAVIOURAL FINANCE

The concept of behavioural finance can be applicable in a number of areas.

1. Personal Finance and Investing - Behavioural finance can be helpful for individuals to recognize and understand
their own cognitive biases and emotional tendencies. This may lead to better financial decision-making.

2. Corporate Finance - In corporate finance, due to behavioural biases managers may make more informed
decisions regarding capital allocation, risk management, and mergers and acquisitions.

3. Portfolio Management- Behavioural finance principles can be applied in portfolio management of an investor
to build diversified portfolios, taking into account investors' risk tolerance, loss aversion, and other behavioural
factors.

4. Risk Management - Behavioural finance can help organizations and individuals to identify biases that may lead
to excessive risk-taking or underestimating potential risks.

5. Behavioural Economics and Public Policy - Behavioural finance theory can be applied to public policy
initiatives, such as designing pension systems, promoting financial literacy, or implementing regulations that
protect investors from the consequences of irrational decision-making.

LIMITATIONS

Behavioural finance is criticised for the following reasons

1. The theory focuses a lot on cognitive biases and emotional influences. This may create an impression that all
human decisions are influenced by them.

2. Since most of the factors of behavioural finance are related to psychology it is difficult to measure them and their
impacts.

3. [Itis difficult to integrate behavioural finance theories with traditional finance models.

DATA ANALYSIS AND INTERPRETATIONS

Demographic Distribution of Data

On the Basis of Gender

From the Table 1 & Figure 1 it can be observed that out of total 62 respondents 36.5% were males and 64.5% were
females.

On the Basis of Age Groups
From the Table 2 & Figure 2 it can be observed that out of total 62 respondents maximum (46.8%) were from the age
36 to 50 years, 40.3%% were in the age group of 20 to 35 years, 12.9% were above 50 years.

Investment Profile of respondents with respect to their area of expertise.

Relation between percentages of income invested by respondent and annual income

Table 3 provides insights into the savings and investment habits of individuals with different annual income ranges.
It shows how the percentage of income saved or invested varies across income groups. For example, individuals
with higher annual incomes tend to save or invest a larger percentage of their income each month, with more
individuals falling into the more than 40%" category are from above 10,00,000 income range.
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Relation between specific financial goal and area of expertise

From Table No. 4, it appears that individuals in the commerce and management areas are more likely to have
specific financial goals guiding their investment decisions compared to those in the science and technology areas.
The table provides insights into the relationship between individuals' areas of expertise and whether they have
specific financial goals influencing their investment choices.

Relation between frequency of review of investment portfolio and area of expertise

Table No. 5 provides insights into the different frequencies at which individuals in various areas of expertise review
their investment portfolios. It can be observed that individuals in the commerce area are more likely to review their
portfolios more frequently, while those in the science area tend to review them quarterly or annually. These patterns
may reflect different investment strategies and risk tolerances among individuals with different expertise.

Behavioural Factors

Reaction of respondent to significant loss in their investment portfolio

The data from Table 6 and Figure 3highlights various responses to how individuals react to a significant downturn

in their investments. A majority of respondents, constituting 50%, demonstrate a disciplined and resilient approach,
choosing to remain calm and adhering to their long-term investment strategy. They can be categories as “passive
preservers’. 30.6% of respondents opt for a cautious approach, closely monitoring the situation without making hasty
decisions, indicating a more measured response to market volatility. Additionally, 14.5% admit to feeling anxious
but resist impulsive decisions, reflecting a degree of emotional resilience.

Investment recommendations from friends, family, or colleagues

The data indicates the frequency with which respondents receive investment recommendations from friends, family,
or colleagues. A significant portion, 53.2%, receives such recommendations sometimes, suggesting that they
occasionally seek or are provided with investment advice from their social network. Additionally, 21% receive these
recommendations often, indicating a more regular flow of investment advice from their connections. About 16.1%
receive recommendations always, suggesting a high level of reliance on advice from their social circle. A smaller
percentage, 8.1%, receives such recommendations rarely.

Following investment choices of others

The data from Table 8 & Figure 5 suggests that a majority of respondents, approximately 75.8%, tend to follow the
investment choices of others, without conducting their own research. This indicates herd behaviour when making
investment decisions. However, it's noteworthy that around 24.2% of respondents do not follow this trend,
indicating a more independent approach to investment decision-making, possibly involving their own research and
analysis.

Consideration of previous investment experiences and outcomes in making investment decisions

The data illustrates that a significant portion of respondents, approximately 46.8%, place a very strong emphasis on
their previous investment experiences and outcomes when making investment decisions. This aligns with the
principles of behavioural finance, particular rly the concept of "anchoring," where individuals anchor their decisions
to past experiences.

Perception of knowledge about investments compare to the average person.

The data indicates that there is a split among respondents regarding their perception of their knowledge about
investments compared to the average person. Approximately 45.2% of respondents consider themselves more
knowledgeable about investments than the average person, while 54.8% do not share this perception.

Feelings about the prospect of losing money
The data reveals varying attitudes towards the prospect of losing money in investments among respondents. A
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majority, comprising 59.7%, strongly dislike the idea of losing money and are highly risk-averse, making significant
efforts to avoid losses. This risk aversion aligns with the common behavioural bias known as "loss aversion," where
individuals tend to feel the pain of losses more acutely than the pleasure of gains, influencing them to make
conservative investment choices. Meanwhile, 35.5% of respondents express concern about losses but are willing to
tolerate some level of risk, demonstrating a more balanced approach to risk management. A small minority, 4.8%,
appear relatively unconcerned by the prospect of losing money, suggesting a higher tolerance for risk or potentially
a lack of awareness regarding the potential consequences of investment losses. Overall, this data underscores the
importance of understanding individuals' risk attitudes and how these attitudes can shape their investment
strategies and decisions.

CONCLUSION

This research provides valuable insights into the investment behaviours and decision-making processes of teachers
in Mumbai region. The data gathered in this study has revealed a complex interplay of behavioral biases and
personal preferences that influence how teachers approach investments. Notably, the findings indicate a significant
reliance on social networks for investment recommendations, a varying degree of consideration for past investment
experiences, and a range of attitudes towards risk and loss aversion. These insights underscore the importance of
recognizing and addressing behavioural biases in financial education and advisory services tailored to teachers and
potentially other groups with similar profiles. Further research in this area could provide even deeper insights into
the behavioral finance aspects of investment decision-making among educators and contribute to more effective
financial literacy initiatives.
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Table 1. Demographic Distribution on the basis of Gender

Count %
Male 22 36.5%
Female 40 64.5%
TOTAL 62 100%

Source: Primary Data

Table 2 . Demographic Distribution on the basis of Age Groups
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Count %

20 -35 years 25 40.3%
36 to 50 years 29 46.8%
Above 50 years 8 12.9%
TOTAL 62 100%

Source: Primary Data

Table 3: Relation between percentages of income invested by respondent each month and annual income.

Annual Income in Rs.
What 3,00,000 to 5,00,000 to 7,00,000 to 10,

percentage of 5,00,000 7,00,000 00,000
your income do <20% 12 05 04
you typically 21% to 30% 04 03 01
invest or save 31% to 40% 03 02 01
each month? >40% 02 01 01
Total 21 11 7

Source: Primary Data

Table 4: Relation between specific financial goal and area of expertise

Do you have specific Area of expertise
financial goals that Commerce Management  Humanities Science
guide your Yes 32 06 06 08
investment No 04 0 0 03
decisions? Total 36 06 06 11

Source: Primary Data

Table 5: Relation between frequency of review of investment portfolio and area of expertise.

Area of expertise

How often Commerce Management Humanities Science
do you Daily or weekly 11 01 01 00
review your Monthly 08 02 02 02
investment Quarterly 09 01 00 04
portfolio? Annually 03 02 01 04
Rarely 05 00 02 01
Total 36 06 06 11

Source: Primary Data

Table 6: Reaction of respondent to significant loss
Count Percentage

I'sell my investments immediately. 3 4.9%
I closely monitor the situation but don'tmake any hasty decisions. 19 30.6%
I tend to become anxious but avoid making impulsive decisions 9 14.5%
Iremain calm and stick to my long-terminvestment strategy. 31 50%
Total 62 100%

Source: Primary Data
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Table 7: Investment recommendations from friends, family, or colleagues
Count Percentage

Always 10 16.1%
Often 13 21%
Sometimes 33 53.2%
Rarely 5 8.1%
Never 1 1.6%
Total 62 100%

Source: Primary Data

Table 8: investment choices of others
Count Percentage

Yes 47 75.8%
No 15 24.2%
Total 62 100%

Source: Primary Data

Table 9: Consideration of previous investment experiences and outcomes
Count Percentage

Notatall 1 1.6%

Slightly 4 6.5%

Moderately 25 40.3%

Very Strongly 29 46.8%

No previous investment experience 3 4.8%
Total 62 100%

Source: Primary Data

Table 10: Perception of knowledge about investments compare to the average person.
Count Percentage

Yes 28 45.2%
No 34 54.8%
Total 62 100%

Source: Primary Data

Table 11: Feeling about the prospect of losing money
Count Percentage

I'strongly dislike it and try my level best to avoid losses. 37 59.7%
It concerns me, but I can tolerate some losses. 22 35.5%
I'am not particularly bothered by it. 03 4.8%

Total 62 100%

Source: Primary Data

@ Mal=
@ Female
& Other

® 201035
@ 35 to 50
@ Above 50

Source: Primary Data
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ABSTRACT

This study investigates the reasons why recent years have seen a decrease in the number of electronic toys
imported from China to India. It investigates the factors that led to this shift in the toy ecosystem, discusses its
implications for the economy, and outlines potential courses of action. One of the reasons for this is that
importing toys from China is becoming an increasingly unacceptable practice. At the same time, India is
working to become more self-sufficient within its own borders by participating in the "Make in India" project.
As a result, they are becoming less dependent on countries in other parts of the world. This decline in toy
imports is also examined in this paper, along with its effects on India. It investigates whether or not
individuals in India are purchasing different kinds of toys, the rate at which prices are fluctuating, and any
other potential sources of toys that India may be importing. In addition to this, it investigates how the change
would affect the people who work for Indian toy manufacturing firms as well as the company themselves. In
conclusion, the findings of this research indicate that India ought to modify its policies in order to make the
most of the current circumstances. It provides guidance to government authorities, those working in the toy
industry, and business owners on how to capitalize on this shift in the market for toys. In the end, it is hoped
that it will assist India in becoming more self-sufficient in the toy business and playing a larger part in the
global toy market. This paper is an attempt to not only understand what is happening but also to provide an
insight for those who want to step in as an entrepreneur or who have an interest in the toy sector and can draw
profit from this transformation. This paper is an attempt to not only understand what is happening but also to
provide an insight for those who want to step in as an entrepreneur..

Keywords: Toy ecosystem, Make in India, Imports, Electronic toys, Entrepreneur.
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RATIONALE AND GAP ANALYSIS

Throughout its existence, the toy manufacturing business in India has been extremely reliant on imports. However, a
significant portion of these imports consisted of outdated, low-quality, and potentially hazardous electronic toys. As
a result, the government implemented a number of different strategic initiatives in order to deal with the influx of
people and to boost domestic manufacturing. Because of this, Indian producers were compelled to begin preparing
for the production of electronic toys with the intention of supplying reasonably priced electronic toys that are of a
good quality and are manufactured well. The market for electronic toys in India is segmented based on the type of
toys as well as the types of power source. On the basis of the type of toys, the most comprehensive coverage includes
musical toys, educational toys, mechanical toys, and remote control toys. On the basis of the power source, it is
possible to classify the toys as either rechargeable battery toys or non-rechargeable battery toys.

In today's world, the market for electronic toys is expanding at a high speed, with a focus on both classic and
innovative product categories. The enormous and growing population of India, as well as the country's rising per
capita income, have contributed to a growth in the demand for electronic toys in the country. However, despite the
shift towards domestic production, the price of electronic toys is still a worry for those who fall into the middle-
income and lower-income brackets. The objective of this research paper is to investigate the electronic toy production
in India and assess the country's overall contribution to the economy of the world. It is essential to keep in mind that
electronic toys are still considered a luxury item, rather than a vital resource for the growth and education of
children. This perception is problematic. The researchers decided to conduct a survey in order to have a better grasp
of how customers feel about the use of toys and the difficulties that are encountered. The purpose of this study is to
investigate the possibility of India's trade deficit shrinking as a result of an increase in the quantity of high-quality,
low-priced electronic toys that are exported to both the Indian market and the global market. In addition, the study
places an emphasis on developing an economy that is dynamic and innovative by utilizing electronic toys that are
imaginative and playful. The electronic toy business in India has the potential to experience fast growth, provided
that the government continues to provide aid and continues to offer incentives.

STATEMENT OF THE PROBLEM

The electronic toy market in India has undergone significant change, shifting away from a heavy dependence on
imported electronic toys of inferior quality and towards the indigenous manufacturing of electronic toys of superior
quality and competitive prices. In spite of this change, families with middle-income and low-income levels in India
continue to be concerned about the cost of electronic toys. In addition, electronic toys are still considered to be luxury
products rather than fundamental resources for the growth and development of children. This circumstance brings
up a number of significant concerns that require attention and consideration.

OBJECTIVES OF THE STUDY

The present study aims to examine the significance and value additions due to various transitions in the toy industry
in the country. In this broader framework, an attempt is made to achieve the following specific objectives:

e To understand the present scenario of the electronic toy industry in India.

e To analyze the customer perception towards usage of toys and challenges faced.
e To describe various initiatives adopted by the Government for reducing imports of electronic toys from China.
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SCOPE OF THE STUDY

The types of toys for kids and the various ways which they can be used are rapidly shifting to keep up with advances
in technology and the requirements of the market. In the not-too-distant future, there is significant potential for the
production of electronic toys in India. Because India has such a large population of young people, it has an excellent
opportunity to become a market for electronic toys. It is projected that there will be a significant increase in demand
for innovative and engaging electronic toys as the rate at which parents utilize technology continues to rise in
tandem with rising levels of disposable income. The expanding technological and electronic advancements in India
create an environment that is conducive to the production of sophisticated electronic toys that may feature
augmented reality, internet of things, and artificial intelligence. More jobs are created in the domestic manufacturing
sector as a result of government initiatives, such as "Make in India," which offer tax breaks and other benefits to
businesses that produce electronic toys and other consumer goods. Along with India's emphasis on education and
skill development, there is a growing global trend towards instructional electronic toys. These toys are becoming
increasingly popular. The market for toys in India has the potential to expand to between $2 and $3 billion by the
year 2024. The toy industry in India barely accounts for 0.5% of the industry's total size worldwide, showing that
there is significant room for expansion. It is anticipated that the domestic demand for toys will increase by 10-15%,
which is significantly more than the global average of 5%.

REVIEW OF LITERATURE

In their paper titled "Failures of Indian Toy Industries," Ashutosh Samadhiya and colleagues shed light on the fact
that the traditional toy industry is significantly less competitive than the formal toy industry. And says that in fact,
both the formal and traditional economic sectors need to coexist with one another and strengthen in order to enable
more production. The report centered its attention on the Indian toy sector, which had been neglected in prior
research. In this study, the problem facing the Indian toy business as well as a potential remedy are discussed. The
worldwide competition in the toy business was explained by Sayed Gulzar Ganai et.al. in their work titled "Dynamic
comparative advantage of India and China: a study of manufacturing exports." The study compared the export
competitiveness of Indian manufacturers with that of Chinese manufacturers in international markets. According to
the findings of the study, Indian toys are rising to a more dynamically competitive position than their Chinese
counterparts are on the world market for exports.

Makreo research has conducted an in-depth analysis of the study titled "India Toys Market Report and Forecast"
which is related to the toy industry in India. In their analysis, they took into account a diverse variety of factors, such
as the country's prospective population, demographics, and economic classes, as well as the effect that the economy
of the country would have on the India market. In their research article, Dr. Veto Dey and his colleagues noted that
toys no longer collectively satisfy a child's desire for pleasure. Instead, they address the expanding requirement for
varied skill development in young kids. In the most recent few years, there has been an increase in demand for toys
that is equivalent to a doubling of the numbers. Toys made in India come at a fraction of the price of their branded
Chinese counterparts. There are reports that Indian toys have captured more than 80 percent of the global toy
market. Because of this, Indian toy manufacturers have received some much-needed support.

LIMITATIONS

1. The primary data has been collected through a structured questionnaire and as the sample size is 167 so it cannot
depict the larger population of the country.
2. Only Mumbai city is considered for the study.
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RESEARCH METHODOLOGY

Sources of Data Collection

Primary data

The research is based on Primary Data, in order to achieve the objectives of the study, researchers have surveyed 167
toys consumers and 103 valid responses were received.

The secondary data

The data is gathered from relevant Research papers, journals, websites, printed and unpublished sources, etc. Some
data has been furnished from the websites of the Government of India, Government of Maharashtra, DGFT ie.
Directorate General of Foreign Trade and IBEF ie. India Brand Equity Foundation are used to absorb information.

PRELIMINARY WORK

Preference of Indian electronic Toys over Chinese toys

This reveals that 4.9% of those questioned prefer purchasing electronic toys manufactured in China. However, a
majority of consumers (48.5% to be exact) would rather shop for electronic gadgets that are made in India. It's
possible that this is due to the fact that some customers believe that Indian electronic toys adhere more closely to
safety measures and have higher quality control standards. Availability of low-cost and economical toys as a result
of the easy and pocket-friendly availability of raw materials in India is another reason why Indian toys are chosen.
This has led to an increase in the demand for Indian Toys as well as a preference for Indian Toys.

Appropriation of Toys by age

During the course of the study, it was discovered that approximately forty percent of the respondents buy toys for
toddlers in the age range of one to three years old. Toys are an easy way to get the attention of toddlers and can aid
in the development of motor skills in children. To accommodate this need, toy manufacturers are hard at work
developing innovative toys that are specifically crafted to encourage intellectual development in infants. Throughout
the duration of the pandemic, play schools remained closed. Because of this, there has been a significant increase in
demand for toys that teach children new skills as a result of the fact that children are now spending more time away
from school. As a direct consequence of this, more and more parents are investing in electronic educational toys for
their children's early development as learners.

Categories of superior Indian toys

The following are some of the categories in which Indian toys excel: board games, plush/stuffed animals, metal/tin
toys, wooden toys, educational toys, and collectibles. In this particular instance, the majority of respondents went
with electronic toys. Electronic toys are commonly preferred because of the compelling properties that they provide,
such as lights and music, which captivate children more than traditional toys made of plastic or wood do not. The
adjustable functions of electronic toys provide for a greater diversity of play experiences as compared to the
traditional toys that have been available for generations. Because they are able to keep children entertained for far
longer periods of time, they are a boon to working parents who are searching for breaks. By using rechargeable
batteries or USB charging, many of these toys spare their owners the hassle of frequently having to change their toys'
batteries.

Indian electronic toys ushering better quality

The majority of respondents hold a favorable view on the quality of Indian electronic toys. The electronic toy sector
carries the burden of assuring the safety of their products for the innumerable young consumers who play with them
on a consistent basis. Toy manufacturers, importers, and retailers in India who are involved in the production of
electronic toys should implement and uphold rigorous supply chain management practices. This will ensure the
timely delivery of toys that comply with applicable safety laws and meet the requirements that consumers have
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about the safety of electronic toys. A little over three quarters of those who took part in the poll are of the opinion
that the level of craftsmanship found in Indian electronic toys is superior than that found in Chinese electronic toys.

Problems faced by Indian consumers

When it comes to electronic toys, it is clear from the diagram that respondents place a greater emphasis on particular
important aspects. The availability of products that cater to the needs of children is the most important factor to
consider among these several aspects, followed by price that is competitive, appealing toy designs, and overall
product quality. Because there is a growing need for electronic toys in the market, manufacturers should concentrate
on developing electronic toys that meet the demands of potential customers. It is essential to put efficient pricing
strategies into action in order to capitalize on prospects for bulk sales. When it comes to attracting the attention of
customers and encouraging them to make purchases, the design of electronic toys is of the utmost importance. Last
but not least, keeping the quality standards for electronic toys at a high level continues to be a major issue for
purchasers.

Reasons to switch over to Indian toys

The fact that India has committed to the Make in India Initiative is the most important factor driving the transition to
electronic toys manufactured in India. There has been an upsurge of electronic toy clusters around the nation,
providing major advantages to small-scale entrepreneurs whose electronic toys are now getting popularity on a
worldwide scale. In addition to this, they are developing robust connections with leading international businesses.
Respondents have also mentioned a variety of additional reasons for this transition, including India's advancements
in exporting electronic toys, the Prime Minister's request for increasing focus on Indian electronic toys, worries about
quality and safety, warranties, and adherence to safety regulations, among a variety of other reasons.

Contribution of citizens in India's toy story

In this regard, a sizeable majority of the respondents, comprising 39.6% of the total, believe that they are directly
responsible for the expansion of the electronic toy sector in India as a result of the fact that they purchase electronic
toys manufactured in India. They encourage local job possibilities, stimulate the circulation of capital within the local
economy, and improve the quality of services by purchasing electronic toys that are made in India. Approximately
46.8% of those who participated in the survey have the intention of increasing market awareness of Indian electronic
toys. In the meantime, one-fifth of the respondents (13.6%) intend to make a contribution to the industry of electronic
toys by manufacturing electronic toys. This, in turn, will boost sales and provide employment possibilities in society.

Self-reliant toy industry of India

As it can be seen from the diagram that was presented, each and every one of the 103 people who responded to the
survey held the view that India has the potential to become more self-sufficient in the relatively near future,
particularly in terms of the production of electronic toys. The findings of this survey provide compelling evidence
that India is well on its way towards achieving self-sufficiency in the production of electronic toys. To achieve this
objective, the manufacturers of electronic toys in India will need to adopt strategies that are original, cutting-edge
technologically, and innovative in order to increase the amount of domestic electronic toys that are exported. To
survive in the ever-changing market scenario and position India as a worldwide powerhouse for electronic toys,
collaboration with government incentives and investments is necessary.

EXPECTED OUTCOMES

Researchers have put together a favorable and successful approach to the issue of Indian electronic toys, which they
have shown here. According to the survey that was carried out, children who are between the age range of five and
seven years old are more likely to prefer Indian toys over imported toys. This finding shows the expansion of the
Indian toy industry.
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As the demand for Indian toys continues to increase at a rapid rate, there is a pressing need for new business ideas,
new start-ups, the introduction of modern technology to traditional toy producers, and the raising of fresh consumer
interest. In addition, there is a demand for the development of fun and engaging video games that "engage,
entertain, and educate." The government of India encourages and compels India's new business ventures, known as
startups, to produce as much as they can and expand the market for electronic toys manufactured in India. There is
high growth potential for India in exports of electronic toys and board games with the U.S.A., EU and different
global markets.

FINDINGS

According to the IMARC Group's report, the Indian Toys Market's Industry Trends, Share, Size, Growth,
Opportunity and Forecast 2023-2028, the current trend of India's electronic toys trade is positive. The market is
expected to grow at a compound annual growth rate (CAGR) of 12.5-13% over the next five years, with a value of $3
billion by the year 2028. This expansion can be attributed to a number of different sources, including the following

e Increasing modernisation and rising disposable incomes: India's growing urban population is becoming
increasingly affluent, and this is leading to an increase in demand for toys, specifically electronic toys. India's
urban population is growing at a rate that is faster than its GDP growth rate.

e Indian parents are becoming more aware of the benefits of educational toys, and electronic toys are typically
considered as more instructive than conventional toys. As a result, the choice among Indian parents is shifting
towards modern and high-tech toys.

e The expansion of e-commerce has made it simpler for customers to buy electronic toys, which in turn has helped
to the expansion of the market. Additionally, the growing popularity of e-commerce has contributed to the
expansion of the industry.

In addition to the considerations discussed above, the government of India is also taking action to encourage the
development of the country's toy manufacturing sector. To encourage the use of toys manufactured in India, the
Indian government has, for instance, begun a number of campaigns and events, such as the "Vocal for Local"
campaign and the National Toy Fair.

However, there are also some challenges that the Indian toy industry faces, such as:

e Imports from China pose a challenge for Indian toy producers, as China is the largest producer of toys in the
world. As a result, Indian toy manufacturers are up against severe rivalry from imports from China.

e Cost of raw materials is comparatively high in India. The cost of raw materials used in the production of
electronic toys, such as plastic and electrical components, is much higher in India than it is in other countries.

e Because there is a shortage of qualified labour in the Indian toy sector, it can be challenging for producers to
develop electrical toys of a high enough quality to satisfy consumers.

The electronic toy market in India is currently on a positive trajectory, despite the problems that are currently being
faced. Toy producers in India are in an excellent position to capitalise on the opportunities that will be made
available as a result of the anticipated expansion of the toy business in India, which is forecasted to experience
significant growth in the years to come.

The future possibilities of the electronic toys industry in India

e Large number of potential consumers
India, which is the world's second most populous country, is home to a sizable market that may accommodate a
large number of different clients. When compared to other countries, India has an extremely high demand for
electronic toys because the majority of its population is under the age of 25. The market for electronic toys is
expected to reach nearly 2 billion units by the year 2025, according to projections.
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e The emergence of the middle class
The substantial shift away from traditional electronic toys and towards creative electronic toys and smart toys
has been brought about by a combination of rising consumer demand for electronic toys and falling production
costs. In addition, there is an increase in the manufacturing of battery-operated electronic toys with a medium to
low price range, which is producing economies of scale for manufacturers.

e Job creation
There is an important role of micro, small, and medium enterprises (MSMEs) in the electronic toy sector, which
has the potential to produce a significant number of new employment opportunities. India has the potential to
revolutionize both its economic and its social impact as long as it places a higher priority on the quick
development of the electronic toy industry and if it implements effective legislation, infrastructure, and
administrative practices. This transition would necessitate the utilization of a sizeable workforce, which would
result in an increase in available job positions.

e Enhanced quality standards
In the past, the majority of toys for kids were produced out of low-quality plastic and had a tendency for
breaking easily. However, thanks to recent developments in engineering plastics, electronic toys have become
significantly more long-lasting. Additionally, in order to guarantee the quality of electronic toys, the government
of India has issued new regulations that fall under the purview of the Bureau of Indian Standards (BIS).

e Investing in Research and Development (R&D)
Establishing toy design emphasizes with a focus on R&D to foster innovation, incentivizing technical institutions
to offer specialized training in the design of electronic toys and games, and promoting knowledge exchange
among institutions for the development of interactive educational games that engage, entertain, and educate
users are all ways to bridge the demand-supply gap.

e Promoting Eco-friendly Electronic Toys
Electronic toys made in India make a positive contribution to the overall growth and development of kids. The
practice of reusing and recycling materials has a long history in India, and Prime Minister Modi has made it a
point to highlight this culture, which is evident in the manufacturing of environmentally friendly electronic toys.

The Indian government has taken the initiative to promote the expansion of the electronic toy sector, putting in place
a comprehensive strategy through numerous initiatives.

o The national action plan for toys
The "National Action Plan for Toys" launch in 2019 was a crucial step. This detailed plan outlined an ambitious
goal of making India a major global centre for the production and export of toys. It included a variety of tactics,
such as providing funding to toy producers, creating toy clusters, and promoting the use of toys made in the
country in educational facilities.

o Increase in import tax
The government recently raised import taxes on electronic gadgets in an effort to make domestic production
more competitive. This action attempted to level the playing field and increase consumer interest in electronic
toys made in India on the local market.

e Promote research and development
Another priority has been to encourage innovation, and to that end, the government is providing financial aid for
toy sector R&D. This has stimulated producers to spend money on developing fresh and cutting-edge electronic
toys, fostering the expansion of the sector.
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e Safety measures
The government has set up toy testing facilities to guarantee the reliability and safety of electronic toys made in
India. These facilities are essential for testing goods and certifying their kid-safety, increasing consumer
confidence.

e Adoption of digital technology
The government has actively encouraged the adoption of digital technologies because it recognises their
significance in modernizing the toy business. Digital technology integration has boosted Indian toy producers'
competitiveness in the international market while also increasing efficiency.

RECOMMENDATIONS

Boosting the electronic toy industry in India requires a multi-pronged approach that encompasses financial
incentives, campaigns, trade facilitation, and skill development. Here are several recommendations to the
government to propel this vital sector forward:.

> Financial Incentives
The government should provide financial incentives to manufacturers, such as tax breaks, subsidies, and low-
interest loans. These incentives would ease the financial burden on toy makers, encouraging investment and
growth within the industry.

> "Make in India" Campaign:
Launching a dedicated "Make in India" campaign for electronic toys would promote the purchase of Indian-made
toys. This initiative can also attract foreign investment, leading to the establishment of more manufacturing units
and research centers in the country.

> Reduce Import Duties on Raw Materials
Lowering import duties on raw materials and components used in electronic toy manufacturing is crucial. This
reduction would make production more cost-effective for Indian manufacturers, ultimately resulting in
competitively priced products.

> Infrastructure and Logistics Improvement
Improving infrastructure and logistics facilities is essential to reduce the cost of doing business. Enhanced
transportation networks and efficient logistics would make it easier for Indian manufacturers to both source
materials and export their products.

> Training & Developmental Programmes
Providing training to workers in the electronic toy industry is vital. Skilled and well-trained workers can
significantly improve the quality of Indian toys, making them more attractive and competitive in the global
market.

> Foreign Partnerships
Collaborating with foreign toy companies through joint ventures, technology transfer agreements, and other
forms of cooperation can bring in expertise and innovation. This can also facilitate the exchange of knowledge
and technology to further enhance the industry's capabilities.
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> Trade Fairs and Exhibitions
Organizing trade fairs and exhibitions dedicated to Indian electronic toys can be instrumental in promoting the
industry. These events would serve as platforms to showcase products and connect Indian manufacturers with
potential buyers from around the world.
By implementing these recommendations, the Indian government can provide the necessary support and
impetus for the electronic toy industry to flourish

CONCLUSION

In the final analysis, the Indian toy business has been subjected to a substantial change, particularly in the field of
electronic toys. The strategic steps taken by the government to combat the influx of imported goods of low quality
and to boost domestic manufacture have opened the manner in which towards growth in this sector of the economy.
The market manufacturing electronic goods in India continues to grow at an unprecedented rate, encouraged both
by the country's fast growing population and its rising per capita income. The relevance of electronic toys is further
highlighted by the fact that they are increasingly being seen not only as luxuries but also as instruments that can aid
in the growth of children.
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ABSTRACT

It is identified that only 33% of the employees working in the tech industry are women and the industry
comes only at 5th position for being LGBTQ+ friendly. This paper looks into the correlation between
diversity, equity, and inclusion efforts in Al-related tech companies and the professional development of
the underrepresented groups. By observing and examining the career trajectories and leadership
positions of the females and persons on the LGBTQ+ community, the study could recognize the factors
that contribute to or hinder career advancement and propose outcomes of fostering a more inclusive
environment for Al related IT companies.

Keywords: Diversity, Inclusion, Al, Tech Industry, Professional growth .

INTRODUCTION

It is seen that Al-related tech companies have come forward as leaders in innovations and advancement in
technology, in this rapidly evolving landscape of technology. However, these such companies have faced continuous
obstacles in achieving diversity, equity, and inclusion within their personnel. This article looks into the critical issues
of underrepresentation, specifically focusing on women and the LGBTQ+ group , in Al-related tech companies. Data
suggests that tech employees who recognise themselves as females are almost three times more probably to view
inequity based on gender in the tech industry, and six times more probably to have gone through such inequity
and it is also identified that LGBTQ+ employees delineate considerably pessimistic experiences in the workroom in
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all sectors compared with other non-LGBT coworkers over many experiences in the workroom . A deeper scrutiny
of gender discrimination evidences that the discrimination in the workplace ranges from, unavailability of new
opportunities to lack of standard compensation and benefits. These factors contribute to the lack of professional
development and an upward career advancement of females and also the persons on the LGBTQ+ group. This article
explores the relationship between the diversity of individuals and their career advancement, specifically aiming to
identify the factors that help to or hinder the professional development of these underrepresented groups. By
examining career trajectories and leadership positions, we can discern the steps necessary to foster a more inclusive
environment in Al-related IT companies.

The Link between Inclusivity and Career Advancement

To understand the importance of inclusiveness in career advancement, it is important to look into the experiences of
women and LGBTQ+ individuals in Al-related tech companies. These groups often face unique challenges which are
not faced by the other gender and straight people, that hinder their professional growth. Few of the hurdles faced by
these individuals include, but not limited to, notable obstacles in procuring the positions with authority, including
partisanship , a lacking of portrayal , and also lacking of opportunity in career growth .

ASPECTS INFLUENCING CAREER ADVANCEMENT

The below factors are applicable not only in Al related Tech Companies but also in other fields as well:

Company Culture

Companies which have an inclusive culture, that values the diversity of its employees, automatically helps to
promote career advancement of its employees. Technologist who are nurtured and supported in such environments
are more likely to feel empowered and motivated to grow in that organisation.

Mentorship and Sponsorship

Having the access to and guidance of mentors and sponsors who actively advocate for the career growth of their
mentees can significantly impact one's career advancement and it is seen that companies that have invested in
mentorship programs help individuals navigate their career paths effectively. Hence if these underrepresented
individuals gain access to such mentors and sponsors, it will smoothen their path to professional growth.

Equal Opportunities

Equity in job prospects and opportunities, not excluding access to high-profile projects, leadership roles, and
training, is crucial. A workplace which is inclusive ensures that all the employees in the organisation have the same
level of opportunity to procure that position.

Diversity in Leadership

A company that maintains a diverse leadership team can set an optimistic example to others, which in return
encourages others to aspire to aim for leadership positions. Diversity and representation at the top management level
sends a strong message about the company's assurance for a diverse and inclusive workplace.

Supporting Policies

Companies which have delivered on their promise to implement and maintain effective anti-discriminatory policies;
which actively ensured that equal opportunities are available to all its employees, have seen a significant influence
on a person's career path, specifically for women and LGBTQ+ personnel.
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THE BENEFITS OF AN INCLUSIVE WORKFORCE

Endorsing diversity, equity, and inclusion in Al-related tech companies is not only a moral necessity but also a
tactical advantage to the company. Studies have revealed that teams which are diverse are said to be more inspired,
innovative and better prepared to face and figure out Solutions for complex problems. In the age of millennials and
Gen Z, inclusive companies are more probable to appeal top talent from diverse and different backgrounds, which in
return enhances the company’s performance.

RECOMMENDATIONS FOR NURTURING INCLUSIVITY IN COMPANIES

Diversity Training
In order to increase awareness regarding partisanship and also to promote inclusivity it is necessary to accomplish
an effectuated , efficient ,profound and inclusive training programs on diversity.

Mentorship Programs
Develop mentorship programs that pair underrepresented employees with mentors who can guide their career
development.

Diverse Hiring Practices
Implement blind recruitment processes and set diversity targets to ensure a diverse candidate pool.

Leadership Accountability
Hold leaders accountable for promoting diversity and inclusion within their teams and possibly linking their
performance evaluations to these efforts.

Employee Resource Groups
Assisting and motivating the installation of affinity groups for women, LGBTQ+ individuals, and other
underrepresented groups.

Adversity Faced By Women and LGBTQ+ Individuals

Though many organisations are advertising the diversity of their workforce: females, and the employees of LGBTQ+
even now face inequity, lack of portrayal , and disproportion in the technology based industry. Companies attempt
to portray how they have various diversity programs in place- to attract talent; and they endorse how effectively
these programmes work but the reality is that most programs on diversity are not augmenting the diversity of
companies. In spite of a small number of new attractive additional features, courteousness of big data,
organisations are still using the old tactics that have been already used since the 1960s—which frequently worsen
the things and not better. And despite all genuine efforts to fix these diversity and inclusion issues, there is a
possibility that they may never be rectified because the social environment which includes the demographic factors
like gender, race, class, age ,etcincluding ability and sexual orientation are reflected by the technology industry.

CONCLUSION

There is an increasing cognisance around women and the rights of LGBTQ+ has come up with a refocusing of
attention in pay disparities, chances and successfulness thatless portrayed groups look towards in the workroom.
It is time now for technology companies to close the diversity and gender gaps so that their commitments towards
gender equality can be proved. In the recent scenario many companies have started adopting remarkable policies
than before. Expectantly, these companies will work on understanding the challenges faced by the underrepresented
groups and put in an effort to embrace and implement effective strategies to sponsor inclusivity of its employees. By
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doing so, these companies can effectively and efficiently break down the barriers to career advancement faced by
these individuals. The correlation between efforts for diversity and professional development is undeniable, and the
current day and age is apt for Al-related tech companies, and all other sectors, to take a hands-on and proactive step
toward a more inclusive future. Welcoming inclusivity, equity and diversity is not only a moral inevitability; it is a
strategic necessity that will add value and create Unseen progress and success in the tech industry.
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ABSTRACT

Artificial intelligence (Al) is a key component of numerous daily human activities. The most challenging
areas of Al are object detection, recognition, computer vision, machine learning, and deep learning. In
recent years, computer vision has developed into a crucial part of many consumer applications. to live a
complex existence that incorporates text recognition, object identification, surveillance and security
systems, and disease diagnosis from MRI/CT scans. A limitation, such as a visual, hearing, intellectual, or
physical impairment, affects 1 in 100 persons today. The market is flooded with devices and software that
can help the community of the blind. However, there are no entirely portable gadgets accessible to
safeguard the community of blind people. There is no product on the market that can identify items and
impediments on the user's body using emotional based identification detection at a reasonable price. In
this study, we created a new trustworthy RCNN Mask architecture to benefit the community and enable
them to live independently. Compared to YOLO, SSD, and CNN, this strategy produces better outcomes.

Keywords: R-CNN, YOLO, SSD, Al, Deep Learning, Object Detection, Recognition, Computer Vision.
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INTRODUCTION

Globally 2.2 billion people are suffering from disabilities such as near or distance vision impairment, visual, hearing,
intellectual disabilities [12,13,23]. According to the World Health Organization (WHO) 2021 report [1], blindness and
near sightedness may affect 253 million people, representing 3.2% of the world's population. Today, 466 million
people are deaf or hard of hearing, or 6% of the world's population. About 200 million people have an intellectual
disability, which is 2.6% of the world's population, and 75 million people need a wheelchair every day, which is 1%
of the world's population. The eye is the primary sensory organ in the human body. The number of people suffering
from all kinds of disabilities is a significant proportion of the world's population, from children to adults [13,14,15]. It
is enough to take a look around us to understand how dysfunctional in our society is rising and how difficult it is to
depreciate. There are many tools and applications available in the market to guide the blind [2,22]. However, fully
portable devices are not available to protect the visually impaired community. Emotionally based detection of objects
and obstacles around the user's body at a low cost not available in the market. Hence there is a need to design a
technology that helps to resolve the issues related to object detection.

As we are in rich technological era the different applications are available in the market to guide as a third eye such
as Screen readers, Face book automatic alt text, My Eye 2. As we know that various software's, tools and devices are
available in the market to support the visually impaired such as Aipoly, Look, Be My Eye, and Tap See [9, 10] .Many
governmental, semi-governmental and non-governmental organizations are contributing their services to address
and resolve these issues. However, there is a lack of provision of a fully flexible welfare system to help the blind.
Therefore, with solutions in place, we can provide better services to the underprivileged community. In the past few
years, artificial intelligence and machine learning involvement has been significant progress in improving the
accuracy and speed of object detection models, as well as IoT plays a vital role in developing real-time object
detection methods on resource-constrained.

Object detection and computer vision are using in artificial intelligence to identify exact object and guiding system.
Embedding by these two technologies on the trained agent will identifies exactly the required object. This
architecture is implementing by reinforcement learning as part of creating a new ideology, we proposes an efficient
novel object detection for visually impaired community using deep learning techniques on Raspberry Pi 4. active
dating. Deep learning techniques such as Convolutional neural networks have shown significant improvements in
object detection accuracy and have become the de facto standard for many computer vision problems. In this
research, the feature database is trained using the Mask R-CNN algorithm to ensure the accuracy and efficiency of
object detection. The trained R-CNN mask is integrated with OpenCV on Raspberry Pi4 for deployment on discrete
devices. The proposed system has the potential to provide real and accurate object detection in a compact device that
can be used in various applications such as surveillance, robotics, and autonomous vehicles.

RELATED WORK

YOLO (You Only Look Once) is a popular real-time object detection, a real-time object detection method, which
predicts bins and class probabilities directly from the full image of the neural network in one prediction. The
performance of YOLOv5 shows a significant improvement in detection accuracy and speed compared to the
previous version [29]. According to measurements, YOLOV5 achieves the highest detection accuracy on GPU with a
real-time speed of 65 frames per second (FPS) [9]. SSD is a special object detection method that uses a single deep
neural network to predict bounded boxes and class probabilities in a single loop [30]. It achieves good detection
accuracy and is faster than YOLOv3 but slower than YOLOv4. SSD achieves 74% accuracy and 46 FPS on GPU Fast
R-CNN is a popular object detection algorithm that consists of two separate systems—one for generating proposed
regions and the other for detecting objects in the proposed region [26]. It is slower than YOLO and SSD but achieves
higher definition accuracy. The faster R-CNN achieves an accuracy of around 80% and a speed of 7 FPS on the GPU.
Retina Net is a recent object detection algorithm [34] designed to solve the problem of class disparity in the object
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detection database. Current detection achieves accuracy and is faster than R-CNN. Retina Net achieved 81% accuracy
and 17 FPS on GPU.

Mask R-CNN is an advanced deep learning model for object detection and segmentation introduced by the research
team at Face book Al Research [21]. It is an extension of the popular object detection model Faster R-CNN, which
adds a pixel-level segmentation mask prediction unit to existing region proposal and classification problems. The
accuracy of the R-CNN Mask is considered very high as it achieves state-of-the-art results on several key databases
such as COCO (Common Objects in Context) and city images. In the COCO database, Mask R-CNN achieved a mean
accuracy (mAP) of 89.8% for object detection and 84.2% for segmentation, which is significantly better than other
methods [15].Joseph Redmon et al. This paper presents a YOLO object detection system that achieves real-time
performance on a single GPU. YOLO predicts round limits and class probabilities using only one neural network of
the complete image and does so quickly and accurately [32]. Wei Liu et al. This paper presents a single object
detector SSD that achieves high accuracy and real-time performance. SSD uses a single neural network for object
detection and classification and is designed for high efficiency by sharing feature maps between the two tasks [30].

Mingxing Tan et al. This paper introduces the Efficient Det family of object detectors that achieve state-of-the-art
accuracy on the COCO database with high efficiency. Efficient Det achieves this with a novel combinational scaling
method to optimize the depth, width, and resolution of neural network architectures [31]. Tsung-Yi Lin et al. This
paper presents the Focal Loss function designed to solve the problem of class inequality in object detection. The "loss
of focus" function gives more emphasis to hard samples during training, which improves the performance of the
detector on small and sparse objects [33]."Object Detection for the Blind: A Deep Learning Approach" Ricardo
Ribeiro et al. This paper presents a deep learning approach to object detection for the blind. The system uses a
Convolutional neural network to detect objects in real time and provide voice feedback to the user using text-to-
speech technology [15]. Uzair Ahmed et al. This paper presents a deep learning-based object detection system for
people with disabilities. The system uses a combination of Convolutional and recurrent neural networks to detect
objects and provide voice feedback to the user. The system achieves high accuracy on everyday object datasets [19].

PROPOSED APPROACH

Our proposed solution is like a third eye that clears vision, opens mental barriers and improves mental flexibility.
Therefore, we want to propose a new help-enhanced object detection system to help them live independently. In the
proposed method, based on object classification, a Subjective Cognitive Test is performed to identify objects. These
patterns are classified by Feature Extraction, Computer Vision, and Machine Learning techniques such as Artificial
Intelligence and Image Reconstruction. Ultimately, this approach will provide a complex environment for individual
work with proud independence.

Here with, the proposed methodology that we specified in fig(1) can be explained step by step as follows:

Step I: Subjective Cognitive test for object classification will be done based on Object Detection. These mid patterns
will be next classified by feature extraction, Computer vision, along with Deep Learning techniques such as Mask R-
CNN.

Step II: Object Recognition and synthesis will be modulated into wave format to recognize the Object in "Knowledge
Base or Data Warehouse."

Step III: The classified subjects will be converted into digital images stored in the “Personal Knowledge Base."

Step IV: If the accurate Object is recognized, the same should update into the knowledge base and cognitive subjects
for future extraction.

Step V: The same should reported to the end-user by the assistive system.

This work helps the blind to better understand the world around them. Deep Convolutional Neural Networks,
Computer Vision and Artificial Intelligence technologies have developed rapidly in recent years. Modern computer
vision techniques promise to be used to help the blind.
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Contributions & Outcomes

I To strengthen the circumstances and provide feasible support to live independently.

IT To extend services in terms of a secure livelihood environment.

III To deal with problems in a smooth manner with the help of a newly proposed assistance system.

ARCHITECTURE

As the mask r-cnn algorithm is based on the cnn model which has shown better performance in computer vision. As
cnn model can predict the better output matrix based on the input image predict matrix. A 3 layered operational
architecture is reducing the noise from the output predicted matrix by using convolution operation, non linear
activation operation and maximum suppression operation . To generate prediction matrix, the proposed algorithm
uses n-level of layers for noise reduction followed by convolution/ non linearity layer which fully connected with
solid layers. The analyzed prediction matrix outputs are discussed in results.

HIDDEN COMPONENTS

To generate, more localized region and maximize layer activation an 3x3 filter size used in convolution layer to train
each neuron in complex structure. To extract high volume features each Convolution Layer has three neurons to
keep other volume proportional to the input volume and the number of parameters.

Nonlinear Activation Function
Rectified Linear Unit (ReLU) activations, which has the following format, that are employed for our non-linear
activation:

ReLU(x) = max(x,0); (1)

ReLUs is a common activation used in the computer vision literature that allows high gradients while suppressing
negative activity.

Detection Prediction
The first two components of the B 2 R4 vector encode the x and y coordinates of the upper left corner of the
bounding box, and the last two elements encode the x and y coordinates of the lower right corner of the bounding
box. In this implementation, since our detection matrix has a limited number of rows and can predict a fixed number
of bins, we limit the number of predictions to 21, which corresponds to the maximum number detected in the
training and test sets.

Loss Function
In this research, we test the effect of L1 vector loss and L2 vector loss on the elemental differences between the
predicted detection matrix and the ground truth matrix. Let A be our prediction matrix, B is the ground truth
determinant matrix, and ve(X) matrix represents the transformation of vector X 2 Rnm to vector x 2 Rnm. Our two
losses
L1(A-Byy,_i* vec(A-B)1] )
L2(A-Byy, i* lvec(A-B)"2@!) 3)
It should be noted that the loss of L2 penalizes a significant difference between the expected and actual values and
the ground truth matrix is worse than the loss of L1; It turns out to be a desirable trait that leads to better internships.
We used L2 regularization in our weight loss matrices to avoid over fitting; We found that 1e - 5 tuning values work
effectively after 10-cycles.
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Proposed Algorithm

As part of creating a new ideology, we propose the design and development of an object detection system using
OpenCV and deep learning methods on Raspberry Pi 4. active dating. Deep learning techniques such as
Convolutional neural networks have shown significant improvements in object detection accuracy and have become
the de facto standard for many computer vision problems. In this research, the feature database is trained using
the Mask R-CNN algorithm to ensure the accuracy and efficiency of object detection. The trained R-CNN mask is
integrated with OpenCV on Raspberry Pi4 for deployment on discrete devices.

Mask R-CNN process execution

Step I: The input is fed into R-CNN to generate a feature map.

Step II: The feature map is processed by a region proposal network(RPN) to generate a set of

object proposals.

Step III: The region of interest(ROI) align layer is used to extract features for each region

proposed generated by the RPN.

Step IV: The ROI features are fed into two fully connected layers, one for object classification

and another for bounding box regression. The classification layer outputs the

probability score for each item and the regression layer predicts the offset between

the proposal and the ground-truth bounding box.

Step V:In addition to the classification and regression tasks, it also adds a mask branch. This

branch generates a mask that indicates which pixels in the proposal belong to the

object.

Step VI: During training, the network is trained to minimize a multi-task loss function that combines the
classification, regression and mask segmentation losses. Here classification loss is calculated by cross-entropy,
regression loss by smooth L1 loss and the mask segmentation by binary cross-entropy.

Step VII: Now the network applies the RPN to generate region proposals and then applies the

ROI alignment layer to extract features for each proposal and outputs the final set of predictions.

EXPERIMENTS

Dataset

Detection Benchmark dataset

The database we are working on is the KITTI object detection index. This database includes 10,000 training images
and 7518 test images; Because these are large and high-resolution images, only 1000 training images and 100 test
images are used for training and testing. Each image is accompanied by a list of detected objects, where each
definition includes definition classification, image boundary box coordinates, as well as definition width, length, and
height in meters, and 3D location definition and global coordinates.In this research, we only use assumptions related
to reality. However, we believe that our technique can be easily extended to predict the estimated ground truth by
simply increasing the number of columns in the identification prediction matrix. We exclude many normalization
and data processing procedures, such as illumination modification, orientation adjustment, and random clipping,
many of which are impractical for real-time use in autonomous systems and are not always suitable for real-world
detection scenarios. We embed any image with zero rows in a certain height limit and width and zero columns in the
rightmost limit, because Convolutional Network can only accept images of a certain size. The dimensions are 376px
for height and 1242px for width, a total of 14 images are packed.

Computing Environment

We built our software using the recently released open-source machine learning tool Tensorflow, which is fast
(computational graphics are written and calculated in C++) and simple to use (it offers a Python interface and simple
Ubuntu installation instructions) Use GPU acceleration ( the makes network training a lot easier calculation options
that have been shown to significantly speed up) and avoid some drawbacks associated with other graphical

65594



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©I[JONS

Vol.14 / Issue 81 / Dec/ 2023 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997
Naveen Kumaret al.,

computing frameworks For example, we used an Amazon AWS g2 2xlarge server running Ubuntu 14.04 for our
computing environment; This environment has proven valuable because it is affordable and customizable, and
provides support for GPU hardware through preconfigured NVIDIA drivers. The system is equipped with an
NVIDIA Grid K520 GPU, 60 GB of hard disk capacity, 15 GB of RAM and an 8-core CPU.

Training

In this research, we conducted 10 experiments with four tests each: two separate architectures (3-layer and 5-layer)
with two different losses (L1 and L2); Figures 5 and 6 show the training and validation loss maps for each
experiment. The 5-fold model fits the real data for both losses, and the validation loss is larger than the training loss.
With the loss of L1, both models over fit the data.; We believe this is because the loss of L1 is not too severe a penalty
for the weights to update fast enough to match the box predictions to the ground reality. Then the loss of L2 was
tested and the excess space was significantly less than the condition of L1. Although the 5-layer model is significantly
overmatched, the validation loss for the 3-layer model is less than the training loss, indicating satisfactory
performance. Finally, our test model is a 3-layer model designed with L2 loss. We fit the best of ten tests to all curves
provided to account for volatility due to the introduction of variable parameters.

Performance Evaluation

The Object detection evaluation of performance done using two metrics. The average precision, or call precision,
measures the fraction of detection that is positive in eq (4) and the bias measures the fraction of positive that is
correctly detected as in eq (5). The map shows the average positive prediction with the proposed R-CNN Mask
model. The precision and recall indices are as follows:

precision= tp/(tp+fp) “)

recall= tp/(tp+fn) 5)
Where tp = true positive, fp = false positive, and fn= false Negative.
Table 1 shows the results obtained with the measured map values for each element from the KITTI Object Detection
Benchmark database. In this table, we compare the performance of our proposed model with the main methods of
deep learning object detection such as YOLO, SSD, fast R-CNN, Retina Net in terms of accuracy, recall and time
required to predict objects from input information.

RESULTS

Quantitative Results

For our Quantitative results, we examined the mean precision score, defined as the area under the Precision-Recall
curve. The Intersection Over Union (IoU) measure is used to determine the true and false positive rate of predictions
that divide the total area between the predicted box and the ground truth box that covers the same area; If the
overlap exceeds a certain threshold, we define our detection as a true positive. In this example, we use a threshold of
0:5. In our test set, our 3-layer L2-loss model achieved a map value of about 12:83%. Although the related work
discussed in this publication has not been validated on the KITTI object detection platform, it is still relevant Clearly,
more work is needed to improve the accuracy of this method. We also compare our model with current work in the
literature in terms of prediction speed. To be called "real-time", the exposure system must estimate at least 30 frames
per second, or 0.033 seconds per image. Our model predicts a rate of 0.092 seconds per frame in ten trials, which is
three times slower than the minimum rate required for real-time. Table 1 shows a comparison of different
approaches. Although the R-CNN mask has a prediction time, it is significantly higher than the YOLO design. The
regional offer time is shown in table 2 which considers up to two seconds.

The positive predictions of some of the objects predicted by the proposed model explained in the table 2, the
proposed algorithm has given good results compared with the other algorithms that are specified in the table 2.
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Qualitative Results

To understand the effectiveness of proposed algorithm, we analysed successful and failed detection cases for quality
results. In Figure 5, there are six different objects that has detected by the system with their respective accuracies. In
figures 6,7,8,9 the objects that has detected by Yolo, SSD, Faster R-CNN, RetinaNet algorithms which has given the
lesser accuracies compared with the proposed algorithm. These results the mask R-CNN algorithm efficiency and
makes the system works with more accuracy and effective.

CONCLUSION

In this research, we sought a deep object recognition method that predicts image bins without requiring expensive
training or expensive analysis. As a result, a DIY community called Mask R-CNN produces predictions with a high
level of accuracy and can be used immediately. Masked R-CNN is an impressive example of the power of the loss
function, although not state-of-the-art. Although most networks derive their power from the number of layers, we
try to derive the power from the loss function associated with a limited number of parameters and represent the
function. Expanding the training loss function to more closely reflect the metrics needed at hand, speeding up
predictions by sharing computing, and increasing the number of data sets trained and evaluated are promising
topics for future research.
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Table 1: Performance for YOLO, SSD, Fast R-CNN, Retina Net and Proposed Model

Items Yolo SSD FastR-CNN RetinaNet Mask R-CNN
Person 609 523 81.6 86.5 89.3
Mobile 628 613 73.8 83.8 86.2
Laptop 595 456 88.6 89.6 91.5
Car 643 354 85.2 95.2 96.8
Bus 643 553 84.3 843 90.1
Animal 538 64.2 90.4 804 88.8
Pen 325 415 68.5 715 79.6
Book 459 283 70.2 752 81.5
Cup 543 569 71.6 79.6 834
Dining Table 632 398 82.5 86.5 91.7
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Figure 5: Positive prediction on a trained objects based on proposed Mask R-CNN Algorithm has
examined in 5(a) as cell phone with 91%. 5(b) the object person has identified with 99%. 5(c) the object
bowl has identified with 87%. 5(d) the objects person and backpack has identified with 91% & 97%. 5(e)
the object cup has identified with 81%. 5(f) the object bottle has identified with 76% accuracy.

7(d) person, backpack 7ie) cup 7(f) bottle

Figure 6: Positive prediction on a trained objects based on YOLO Algorithm has examined in 6(a) as cell
phone with 0%. 6(b) the object person has identified with 0%. 6(c) the object chair has identified with 0%.
6(d) the objects person and backpack has identified with 0% & 0%. 6(e) the object cup has identified with

0%. 6(f) the object bottle has identified with 0% accuracy.
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&(d) person, backpack &(=) cup B(f) bottle

Figure 7: Positive prediction on a trained objects based on SSD Algorithm has examined in 7(a) as cell
phone with 0%. 7(b) the object person has identified with 0%. 7 (c) the object chair has identified with 0%.
7(d) the objects person and backpack has identified with 0% & 0%. 7(e) the object cup has identified with
0%. 7(f) the object bottle has identified with 0% accuracy.

Figure 8: Positive prediction on a trained objects based on Faster R-CNN Algorithm has examined in 8(a)
as cell phone with 91%. 8(b) the object person has identified with 54%. 8(c) the object chair has identified
with 87%. 8(d) the objects person and backpack has identified with 91% & 97% and wrong prediction as tv
with 71%. 8(e) the object cup has identified with 81%. 8(f) the object bottle has identified with 76%
accuracy.

10(d) person, backpack 10(e) cup 10ff) bortle
Figure 9: Positive prediction on a trained objects based on RetinaNet Algorithm has examined in 9(a) as
cell phone with 91%. 9(b) the object person has identified with 100%. 9(c) the object chair has identified
with 69%. 9(d) the objects person and backpack has identified with 86% & 95%. 9(e) the object cup has
identified with 23%. 9(f) the object bottle has identified with 76% accuracy and wrong predictions as chair
and person with 99% & 99%.
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ABSTRACT

Breast cancer is the most frequent cancer among women all over the world. The present study was aimed
to find the potential phytocompounds from Indian medicinal plants for the treatment of Breast cancer
using in silico studies. The 3D structure of phytocompounds was obtained using IMPPAT and PubChem
database. The Lipinski rule of five for all the phytocompounds was tested using SwissADME. The 3D
structure of the target protein was retrieved from the PDB database. The docking studies were performed
using PyRx and the results were analyzed using Discovery Studio 2021. From the results, the
phytocompounds Taraxerol, (-)-Epicatechingallate and Protopine showed very good binding affinity like
-7.7, 77 and -7.6 Kcal/mol, respectively. Toxicity studies were done for the best-interacted
phytocompounds and the results showed that the compounds had very less toxicity. Hence, the present
study concludes that Taraxerol from Mangifera indica, (-)-Epicatechin gallatefrom Camellia sinensis and
Protopine from Allium sativum may have a potential effect in the treatment of Breast cancer.

Keywords: Breast cancer, Phytocompounds, Molecular Docking, PyRx, Discovery Studio, ADMET
properties.
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INTRODUCTION

Human breast cancer is generally regarded as a heterogeneous collection of disorders characterised by differences in
histology, genetic changes, gene expression, metastatic activity, and therapeutic responses, rather than as a
homogeneous disease[1-4]. Breast cancer is the second most often diagnosed cancer worldwide, with an estimated
2.1 million new diagnoses and about 627,000 breast cancer-related deaths in 2018[5].Breast cancer is a physiologically
and clinically complex disease with multiple identified histotypes and molecular subtypes, each with distinct
aetiologies, risk factor profiles, treatment responses, and prognoses[6-12]. Around 75 percent of breast cancers are
detected in postmenopausal women in high-income nations, with just 5-7% occurring in women younger than 40
years of age[13, 14]. According to the National Cancer Institute's (NCI) Surveillance, Epidemiology, and End Results
(SEER) programme, 40,290 women and 440 men will die of breast cancer in the United States in 2015, with 231,840
women and 2350 men diagnosed with invasive breast cancer and another 60,290 women diagnosed with breast
cancer in situ. In early 2016, the National Cancer Institute projected that 3,560,570 women in the United States had
previously been diagnosed with breast cancer[15].2012 is the most recent year for which accurate data on breast
cancer incidence and mortality are available. SEER data are broken down by key census self-described categories of
race/ethnicity, in addition to total national incidence and death statistics. Between 2008 and 2012, the average
incidence rates (number of women diagnosed per 100,000 women, age-adjusted and normalised to the 2000
standardised US population) varied by census category, as did the trends over time. White women had the highest
five-year average incidence rates (126.1), with black women's rates only slightly lower (124.1). For the first time since
SEER began collecting data in 1975, incidence for these two groups converged in 2012; historically, black women had
a considerably lower rate of the disease than white women[15].

Breast cancer is the malignant tumour with the highest incidence and mortality in women globally, accounting for
roughly 11.6 percent of all cancer fatalities[16].Endocrine therapy, in addition to surgery and chemotherapy, is a
typical treatment for breast cancer. According to research, endocrine therapy is successful in 50-60% of patients with
positive oestrogen receptors (ER); the response rate (RR) of endocrine therapy in patients with positive ER and
progesterone receptor (PR) may be >75%, while it is about 10% in patients with negative ER and PR[17].Selective ER
modulators (SERMs) such as tamoxifen, aromatase inhibitors (Als) such as anastrozole, ovarian function suspension
(OFS) such as goserelin, and selective ER downregulators (SERDs) such as fulvestrant are endocrine therapy for ER+
breast cancer. Primary or secondary resistance in patients during treatment is the main cause of endocrine therapy
failure. Primary resistance is frequent in patients with ER and PR negative breast cancer. However, a significant
proportion of individuals with positive ER also have primary resistance. However, practically all patients may
develop secondary resistance after a time of hormone therapy. As a result, hormone resistance is a critical issue in the
treatment of breast cancer[18].

Cancer is becoming a major public health concern in India as a result of the ongoing demographic and
epidemiological shift. Cancer is projected to have a prevalence of 97 per 100,000 people, with a higher prevalence in
urban regions. According to the evidence, cancer rates are higher among the elderly and females in reproductive age
groups. Even after correcting for age-sex differences and clustering in a multilevel regression framework, cancer
shows a considerable socioeconomic gradient. We discovered that cancer treatment has the highest out-of-pocket
costs of any disease. Inpatient care in private hospitals costs roughly three times as much as in public facilities.
Furthermore, roughly 40% of cancer hospitalisation cases are mostly funded through insurance[19].

Chemotherapy, oophorectomy, and/or endocrine therapy used as adjuvant treatment for breast cancer (BC) might
cause treatment-induced menopausal symptoms in (young) BC survivors[20, 21].The most common (63 percent to 85
percent) and disruptive menopausal symptoms are hot flushes and night sweats (HF/NS)[22, 23]. Menopausal
symptoms have an impact on women's daily lives and health (HRQOL)|[21, 24]yet it can also lead to noncompliance
or stopping endocrine treatment[25, 26]. Breast cancer is the most often diagnosed malignancy in women worldwide.
Recurrence after receiving an objective response to chemotherapy, drug-induced adverse effects of first-line

65602



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©I[JONS

Vol.14 / Issue 81 / Dec/ 2023 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Pavithra et al.,

chemotherapy, and delayed response to second-line treatment are the key unsolved issues with metastatic breast
cancer. Unfortunately, there are few options for third-line treatment. It is obvious that new and effective medications
are desperately needed in such circumstances. Phytochemicals are one of the most promising chemo preventive
therapeutic alternatives for cancer patients. Resveratrol (3,54 -trihy droxy-trans-stilbene), a non-flavonoid polyphenol
found in grapes, berries, soy beans, pomegranate, and peanuts, has been demonstrated to have a wide range of
health advantages by interacting with a variety of molecular targets[27].

Medicinal herbs have long been recognised as one of the most important sources of medication development in the
modern period. Medicinal plants, according to the World Health Organization (WHO), are the best source of a
variety of medications. In therapeutic treatment, the utilisation of plant extracts and phytochemicals with recognised
antibacterial characteristics can be quite beneficial[28].Breast cancer is now commonly treated with radiotherapy,
hormone treatment, or chemotherapy. The majority of the time, the therapy causes negative side effects in the
patients. Intensive radiotherapy or chemotherapy drugs generally cause nausea and bone marrow failure. Chemical
medications have no effect on cancer cells[29].Many phytochemicals in plants are potential antioxidants and have
anticancer effects, according to bioassay and animal studies[30]. In this case, herbal secondary metabolites may be
the greatest treatment and alternative for cancer[31].Solanum torvum (S.torvum) has been found to have cytotoxic,
antibacterial, antiviral, anti-inflammatory, and anti-tumor (anticancer) properties[32,33].This plant's leaves and seeds
have also yielded anticancer phenolic chemicals[34].S.torvum aerial parts extracts were shown to be particularly
effective in inhibiting the proliferation of mammary gland breast cancer cell lines[35]. In the present study, the Indian
medicinal plants like Raphanus sativus [36], Allium sativum, Curcuma longa, Camellia sinensis, Linum usitatissimum,
Nigella sativa[37 Jwere taken to find the bioactive compounds for the treatment of Breast cancer.

MATERIALS AND METHODS

Ligand selection

Using literature and IMPPAT database[38]around 410 phytochemical compounds were selected from the different
Indian medicinal plants like Raphanus sativus [36], Allium sativum, Curcuma longa, Camellia sinensis, Linum
usitatissimum and Nigella sativa [37]to find the potential compounds for treating Breast cancer. The 3D structure of
these compounds was retrieved from the PubChem database[39] and using SwissADME[40]they were subjected to
test Lipinski Rule of Five. From the results, 342 compounds obeyed Lipinski Rule of Five and these compounds were
taken for further study.

Target protein selection

The target protein Breast cancer Type 1 Susceptibility Protein belonging to BRCA1 gene was found in the literature
for Breast cancer[41].The 3D structure of this target protein was retrieved from the PDB database[42].The UniProt ID
of this target protein was taken from the UniProt database[43].

Docking studies

Docking studies for the target protein Breast cancer Type 1 Susceptibility and the phytocompounds (ligands) were
done using PyRx 0.8 software[44]. The target protein was further prepared for docking studies using this software.
All the ligands were uploaded using Open Babel option in the PyRx 0.8. The grid was generated and the docking
studies were performed using Vina wizard option in the PyRx 0.8. The values of binding affinity were saved in XL
file. The results were analyzed using Discovery Studio 2021 and the 2D and 3D docked images were taken. In the
results, the lowest binding affinity indicates good result.

ADMET and CYP properties

ADMET and CYP properties were tested for all the best-interactedphytocompounds using SwissADME[40].Lipinski,
BBB (Blood - Brain Barrier), HIA (Human Intestinal Absorption), PGP (P-glycoprotein), XLogP3, TPSA (Topological
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Polar Surface Area), LogS, Fraction Csp3, Rotatable bonds, CYP enzyme inhibitor properties, Skin permeation and
Bioavailability score were evaluated for all the best-interacted compounds.

RESULTS AND DISCUSSION

Ligand and Target Protein selection

The 3D structure of ligands (phytocompounds) was retrieved from the PubChem database. The 3D structure of the
target protein Breast cancer Type 1 Susceptibility protein was obtained from the PDB database and its PDB ID is
1JNX. The 3D structure of the target protein is shown in figure 1.

Docking studies

Docking studies were done for the phytocompounds from the different Indian medicinal plants and the target
protein Breast cancer type 1 susceptibility proteinusing PyRx 0.8 software to find the potential drug candidate for
Breast cancer. For this, 342 phytocompounds which has passed Lipinski Rule of Five were interacted with the target
protein using this software. The results were analyzed using this software and Discovery Studio 2021 and binding
affinity value was noted. In which, 10 compounds showed very good results with the target protein. Further, the
Synthetic drug Doxorubicin was also taken to find the interaction with the target protein. All the docking results are
shown in Table 1. The 2D and 3D interactions of the phytocompounds and Synthetic drug Doxorubicin with the
target protein are shown in Figures 2-9.

From the results (Table 1), among other compounds, 10 compounds showed very good results with the target
protein. Of which, the phytocompound Taraxerol showed very good binding affinity (-7.7 Kcal/mol) with the amino
acid residue LEU 1701 of the target protein. The phytocompound (-) - Epicatechin gallate also gave very good
binding affinity of (-7.7 Kcal/mol) with the amino acid residues LYS 1711,ALA 1752,ALA 1708 LYS 1759,GLY
1709and GLY 1710. The binding affinity 7.6 Kcal/mol was obtained between the phytocompound Protopine and the
amino acid residues GLY 1656,LEU 1701,GLN 1779 and LYS 1702 of the target protein. Further, the binding affinity -
7.3 Kcal/mol was observed between the phytocompound Orobanchol and the amino acid residues PHE 1662, VAL
1654,LYS 1702,LEU 170land THR 1700 as the lowest binding affinity among these ten compounds Besides, the
binding affinity of the Synthetic drug Doxorubicinwith the target protein was -7.2 Kcal/mol and the interacted the
amino acid residues were GLN 1811, PRO 1812, ARG 1835, THR 1852, TYR 1853, ASP 1840, VAL 1740 and VAL 1741.
In the results of the present study, when compared to the Synthetic drug Doxorubicin, all the phytocompounds
showed very good binding affinity with the target protein Breast cancer type 1 susceptibility protein.

Further, a study reported that the polyphenol epigallocatechin-3-gallate, which plays a vital role in activating
apoptosis, a critical feature of breast cancer prevention, is the chemo-preventative and chemotherapeutic agent in
green tea[45].Flaxseed eating can lower the risk of breast cancer. Earlier study found that traditional treatments for
cervical, colorectal, prostate, and breast cancers have been reported to include Carica papaya, Catharanthus roseus and
Prunus africana [46-48] Breast cancer cell lines were found to be resistant to cell growth when aqueous extracts of
Solanum torvum unripe fruits were used[49]. Moreover, in the previous study, many phytocompounds from Solanum
torvum interacted with the target protein Breast cancer type 1 susceptibility proteinand the results showed that the
compounds Ergost-25-ene-3,6-dione,5,12-dihydroxy (5.alpha.,12.beta.), Aspidospermidin-17-ol 1-acetyl-16-methoxy
and 2-(34-dichlorophenyl)-4-[[2-[1-methyl-2-pyrrolidinyl]ethyl amino]-6-[trichloromethyl]-s-triazine gave the
binding affinity of - 7.3, - 6.7, — 6.7 Kcal/mol, respectively with the target protein[50].

In the present in silico docking studies, the phytocompound Taraxerol from Mangifera indica, (-)-Epicatechin gallate

from Camellia sinensis, Protopine from Allium sativum showed the highest binding affinity with the target protein
Breast cancer type 1 susceptibility protein, when compared to the previous study.
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ADMET and CYP Properties

In the present study, ADMET properties were tested for the best interacted Phytocompounds and Synthetic drug
Doxorubicin using Swiss ADME and the results were tabulated (table 2). From the results, all the best interacted
Phytocompounds obey Lipinski rule of five but Synthetic drug Doxorubicin did not obey the Lipinski rule. Most of
the compounds did not cross Blood — Brain Barrier (BBB) and had high Intestinal Absorption (HIA). Many
phytocompound predicted to be effluated from the CNS by P-glycoprotein. Among the 10 compounds, XLogP3
value of 6 compounds was within the range. TPSA (Topological Polar Surface Area) and Log S value of the most of
the compounds were within the limit. Except one compound, Fraction Csp3 value of all the other compounds are
within the range. Rotatable bonds of all the compounds were within the limit.

From the results of the Boiled Egg image of the phytocompounds (Figure 10), the compound Protopine is located in
the Egg-yolk region, which means the compounds are passively absorbed by the gastrointestinal tract and can also
permeate through the blood-brain barrier and the compounds Orobanchol, Agapanthagenin and Triterpenoids are
located Egg-white region, which means they are passively absorbed by the gastrointestinal tractbut cannot permeate
through the blood brain barrier. Moreover, the compounds Protopine, Agapanthagenin and Triterpenoids are
predicted to be effluated from the central nervous system by the P-glycoprotein and the compounds Orobanchol,
Mangiferonic acid and (-)-Epicatechin gallateare predicted not to be effluated from the central nervous system by the
P-gly coprotein.

In the results of CYP properties (table 3), most of the compounds did not inhibit the CYP enzymes and does not give
any adverse reactions. In the best interacted compounds Taraxerol and (-)-Epicatechingallate did not inhibit any CYP
enzymes but the compound Protopine inhibits the following CYP enzymes like CYP1A2, CYP2C9, CYP2D6 and
CYP3A4. The value of log K; (Skin Permeant) is good for all compounds and A Bioavailability Score (ABS) is good
for the most of the compounds.

CONCLUSION

In the present study, around 410 phytocompounds were selected from the different Indian medicinal plants. Of
which 342 compounds obeyed Lipinski Rule of Five and these compounds were subjected to in silico docking
analysis with the target protein Breast cancer type 1 susceptibility protein. From the results, 18 compounds showed
better results than the Synthetic drug Doxorubicin. Among them, 10 compounds showed very good binding affinity
with the target protein. Of which, the phytocompoundsTaraxerol, (-)-Epicatechingallate and Protopineshowed the
highest binding affinity among the other phytocompounds.Toxicity studies were also done for the best 10 interacted
phytocompounds and the results showed that the compounds had very less toxicity. Hence, the present study
concludes that the phytocompound Taraxerol from Mangifera indica, (-)-Epicatechin gallate from Camellia
sinensis,Protopine from Allium sativum showed the best binding affinity with the target protein Breast cancer type 1
susceptibility protein and they may give a potential effect in the treatment of Breast cancer.
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Table 1: Interaction of Phytocompounds with the target protein

S. | PubChem Binding No. of Interacting Bond
No. (CID) Compound Name Plant Name Affinity Bonds Residues Ler:gth
(Kcal/mol) (A)
Mangifera
1 92097 Taraxerol L 7.7 1 LEU 1701 5.22
indica
LYS 1711 5.24
ALA 1752 2.90
ALA 1708 2.04
(-)-Epicatechin Camellia LYS 1759 3.61
2 107905 gallate sinensis 77 7 GLY 1709 348
GLY 1709 5.49
GLY 1710 3.48
GLY 1656 2.65
LEU 1701 4.69
Protopine ' ' LEU 1701 3.52
3 4970 Allium sativum -7.6 6 GLN 1779 2.81
LYS 1702 231
LYS 1702 5.05
LYS 1702 5.05
Sme 1 Mangifera LEU 1701 4.08
4 101341 Epi-Friedelinol indica -7.6 3 GLN 1779 176
ALA 1752 2.24
TYR 1845 1.96
LYS 1759 3.60
Epicatechin-3- Camellia LEU 1786 1.92
5 65056 gallate sinensis 7.5 8 GLY 1709 3.48
GLY 1709 5.34
ALA 1708 271
ALA 1708 2.77
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) LEU 1701 4.71
6 | 9547213 24-Methylene- Linum 75 2 TRP 1782 358
cycloartanol usitatissimum
Mangifera THR 1799 2.72
7 71597391 Triterpenoids e 7.5 2 THR 1802 3.58
indica
Mangifera LEU 1657 2.06
8 14034474 Mangiferonicacid im:lgica -74 2 GLN 1779 2.32
15558507 VAL 1832 243
9 Agapanthagenin | Allium sativum 74 3 GLY 1825 301
gapantiag ’ GLU 1829 237
PHE 1662 4.57
VAL 1654 291
LYS 1702 1.89
Orobanchol Linum LYS 1702 1.87
10 10665247 usitatissimum 73 7 LYS 1702 2.23
LEU 1701 2.69
THR 1700 3.35
SYNTHETIC DRUG
GLN 1811 2.46
PRO 1812 4.96
PRO 1812 342
ARG 1835 4.34
THR 1852 1.95
TYR 1853 571
Doxorubicin TYR 1853 551
. 7 i -7.
11 31703 Synthetic drug 2 12 ASP 1840 375
ASP 1840 3.19
VAL 1740 4.82
VAL 1740 3.48
VAL 1741 3.99
Table 2: ADMET Properties of Phytocompounds
S. PubChe Compound L1p1'ns BB HIA rG | xLoG TPOSA Log$S | Fracti Rotata
No m Name ki B P. P3 (A) (ESO on ble
) (CID) L) Csp3 | Bonds
1 92097 Taraxerol Yes No | Low | NA 9.30 20.23 -8.34 093 0
2 107905 | OEpicatechin oy o No | Low | Yes | 153 | 17714 | 370 | 014 4
gallate
3 4970 Protopine Yes |yes | High | No | 279 | 5723 | -413 | 035 0
4 101341 | epi-Friedelinol Yes No | Low | NA | 10.08 2023 | -8.85 1.00 0
5 65056 | Cpicatechind- |y o No | High | No | 279 | 5723 | 413 | 035 0
gallate
6 9547213 24- Yes No | Low | NA | 10.31 2023 | -8.74 0.94 5

65609



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences

Vol.14 / Issue 81 / Dec / 2023

Pavithra et al.,

www.tnsroindia.org.in ©I[JONS

International Bimonthly (Print) — Open Access

ISSN: 0976 — 0997

Methylenecyclo
artanol
7 ?59739 Triterpenoids Yes No | High | No 3.94 9799 | -519 0.83 1
- ———
8 1403447 | Mangiferonic | o1 No | Low | Yes | 815 | 5437 | 746 | 087 5
4 acid
9 155§85° Agapar:hagem Yes | No | High | No | 409 | 7915 | 520 | 1.00 0
10 1065524 Orobanchol Yes No | High | No 1.63 82.06 288 0.58 2
Synthetic drug
11 | 31703 | Doxorubicin | No | No | Low | NA | 127 [20607 | 391 | 044 | 5

Note: Obey Lipinski: Yes means 0 violation and good, BBB (Blood - Brain Barrier): Yes means good, HIA (Human
Intestinal Absorption): High means good, PGP- (Molecules predicted not to be effluated from the CNS by P-
glycoprotein): Yes means good, Lipophilicity: XLOGP3 value between 0.7 and +5.0 means good, Polarity: TPSA
between 20 and 130 A2 means good, Water Solubility (Log S scale: Insoluble < -10 < Poorly < -6 < Moderately < -4 <
Soluble < -2 < Very < 0 < Highly): Log S value not higher than 6 means good, Saturation (Fraction Csp3): Fraction of
carbons in the sp3 hybridization not less than 0.25 means good, and Flexibility (Rotatable bonds): No more than 9
rotatable bonds means good.

Table 3: Cytochrome P450 properties of phytocompounds

S.
N
o.

(o)} g = W N

O 0

10

11

PubChe
m (CID) Compound Name
92097 Taraxerol
107905 (-)-Epicatechin
gallate
4970 Protopine
101341 epi-Friedelinol
65056 Epicatechin-3-
gallate
24-
9547213  Methylenecycloart
anol
71597391 Triterpenoids
14034474  Mangiferonic acid
15558507  Agapanthagenin
10665247 Orobanchol
31703 Doxorubicin

CYP1IA CYP2C CYP2C CYP2D CYP3A

2

inhibit

or

No

19 9
inhibit inhibit
or or
No No
No No
No Yes
No No
No No
No No
No No
No No
No No
No No
Synthetic drugs
No No

6
inhibit
or

4
inhibit
or

No

Log

Kp(Skin
permeatio

n)

(cm/s)

-2.30
-791

-6.47
-1.76

-791
-1.67
-6.39
-3.29
-6.13
-7.26

-8.71

A

Bioavailabil
ity Score

(ABS)
0.55
0.55

0.55
0.55

0.55
0.55
0.56
0.85
0.55
0.56

0.17

Note: No means good, the compound does not inhibit the CYP450 enzymes and does not give any adverse reactions;
Yes means the compound inhibits the CYP450 enzymes and gives unanticipated adverse reactions; The more
negative the log Kp, the less skin permeant is the molecule; ABS 0.55 means it passes the rule of five and 0.17 means it
fails the rule of five.
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Figure 10: ADMET - Boiled Egg image of the best phytocompounds

Note:
BBB: Points located in BOILED-Egg’s yolk are molecules predicted to passively permeate through the blood-brain

barrier.
HIA: Points located in BOILED-Egg’s white are molecules predicted to be passively absorbed by the gastrointestinal

tract.
PGP+: Blue dots are for molecules predicted to be effluated from the central nervous system by the P-glycoprotein.

PGP-: Red dots are for molecules predicted not to be effluated from the central nervous system by the P-

glycoprotein.
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ABSTRACT

When crude oil penetrates the soil, surface, and groundwater environments, it causes serious harm as a
symptom of pollution in the air, water, and soil. Crude oil is a convenient source of energy. It is
impossible to ignore the enormous environmental effects of an oil spill given the variety of molecular
weights and shapes among the volatile liquid hydrocarbons that make up crude oil. The bioremediation
process is regarded as being efficient, inexpensive, technically straightforward, and, for the most part,
having no negative consequences on the ecosystem. The majority of environmentalists still favour
bioremediation even if the nature of the contaminants, the soil matrix, and the biological circumstances
limit its effectiveness. The oil-affected bacteria Lysinibacillus sp., Bacillus sp., and Paenibacillus sp., which
were isolated from soil and water samples, have a lot of potential for use in bioremediation, particularly
to clean up the environment that has been contaminated by petroleum hydrocarbons. The bacteria shown
a great capability for decomposing crude oil under challenging circumstances.

Keywords: Lysinibacillus sp., Bacillus sp., Paenibacillus sp., crude oil, bioremediation, petroleum
hydrocarbons, oil spill, organic pollution, Chennai port, V. O. Chidambaranar Port, Decontamination
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INTRODUCTION

Crude oil contaminated soil and drawbacks

Crude oil has raised living standards because it is a rapid and convenient source of energy. Crude oil is a pollutant
that when it enters the soil, surface, and groundwater habitats, it causes severe harm as a sign of pollution in the air,
water, and soil. It is impossible to overlook the tremendous environmental repercussions of an oil spill. The volatile
liquid hydrocarbons that make up crude oil have different molecular weights and structures. It has more than 17,000
hydrocarbons, and the classification is based on the chemical that makes up the majority of it [1].

After a spill, the ecosystem must be decontaminated since the contaminated substances are strong immunotoxicants
and carcinogens that can harm the liver, cause cancer, and cause kidney damage. The preferred method for removing
toxins from soil is bioremediation, a technology that takes advantage of the diverse capacities of microorganisms to
degrade or convert organic pollutants to harmless compounds through mineralization [2]. The bioremediation
method is thought to be effective, affordable, technically uncomplicated, and, for the most part, has no unfavourable
effects on the ecosystem. Although the characteristics of the pollutants, the soil matrix, and the biological conditions
restrict the success of the bioremediation treatment, it continues to be the procedure of choice for the majority of
environmentalists [3].

A large number of microorganisms have been isolated from contaminated sites using various nutrient-rich
(standard) and impoverished media, supplemented with various types and concentrations of Petroleum
Hydrocarbons (selective). However, only a small portion of the microorganisms found in soil environments can be
characterized through cultivation. Since microorganisms in contaminated soils are more likely to have numerous
tolerance mechanisms that enable them to live and operate well in the presence of petroleum hydrocarbons,
contaminated soils are of special importance as sources for cultivation [4]. Although discovering organisms that
break down large molecular weight chemicals can be challenging, this could limit our ability to accelerate
biodegradation even if bioremediation has emerged as a key approach for in situ petroleum hydrocarbon
elimination. The identification of organisms that can be used in this field of research is currently limited [5].

MATERIALS AND METHODS

Sampling area

Crude oil contaminated soil and water samples were collected from the contaminated sites of Chennai Port located in
Chennai district is situated between the latitude of 13.0815° N and longitude of 80.2921° E and V. O. Chidambaranar
Port located in Tuticorin district is situated between the latitude of 8.7563° N and longitude of 78.1791° E, Tamil
Nadu, India. Figure 1 illustrates sampling sites in Tamil Nadu.

Collection and transportation of the samples

Water samples were taken up to 5 cm depth of crude oil contaminated surface and the water samples were collected
in pre-sterilized screw cap bottles. They were immediately transported to the laboratory using an ice box and stored
at 4°C for further studies.

Isolation of crude oil degrading bacterial strains

The collected water samples were taken and 1ml of water sample was diluted in 9 ml of distilled water and made
aliquots using vortex mixture. The water suspension also serially diluted from 10 to 10%. The following was the
procedure for a ten-fold dilution of a sample to a dilution factor of 105.The sample was taken in six test tubes; each
with 9 ml of sterile distilled water taken using sterile pipette 1 ml of properly mixed sample was drawn into the
pipette. The sample was then added to the first tube to make the total volume of 10 ml. That provides an initial
dilution of 10-.1 ml of mixture was taken from the 10-'dilution and was emptied into the second tube. The second
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tube now has a total dilution factor of 102.The same process was then repeated for the remaining tube, taking 1 ml
from the previous tube and adding it to the next 9 ml diluents. As six tubes were used, the final dilution for the water
sample will be 105 (Figure 2).

Isolation of Bacteria

Isolates were obtained by plating samples, in triplicates, onto Zobell Marine agar plates (i.e. 5 g peptone, 1g yeast
extract and 15 g agar in 750 ml of filtered seawater and 250 ml of Milli-Q water) (figure 3). Pipette out 0.1 ml from the
appropriate desired dilution series onto the center of the surface of an agar plate. Spread the sample evenly over the
surface of agar using the sterile L- rod. Incubate the plate at 37°C for 24 hours. Calculate the CFU value of the
sample. Starting the streak on the side your dominant hand, of the plate farthest from pass the loop on the surface of
the agar in a zigzag pattern filling the surface of the plate.

Quadrant Streaking Method

Sterilize the inoculating loop and take a loopful of inoculum from the sample Afterwards, gently streak the inoculum
in the first quadrant of the solid agar media by moving the inoculating loop in a zig-zag pattern. After that, cover the
lid of the Petri plate and sterilize the inoculating loop over the blue flame to kill the remaining microbes.Then, lightly
drag the inoculating back and forth on the second quadrant by intersecting the streaks of the first quadrant only two
or three times. Again, sterilize the loop and striate the inoculum from the beginning of the second streak to the third
quadrant. Cover the lid of the Petri plate. Then, sterilize the loop and perform the fourth streak by intersecting
streaks of the third quadrant, extending up to the middle of the plate. Before keeping the inoculating loop aside,
sterilize it for the last time. Finally ,incubate the plate at 37°C.

RESULTS AND DISCUSSION

The samples were collected and transported to lab. After serial dilution, twelve bacterial strains were isolated and
maintained as pure cultures (Fig. 5). The isolated strains were further identified using 16S rRNA sequencing. The
results were recorded and shown in Table 1. Petroleum, mixture of hydrocarbons primarily consists of saturates,
aromatics, asphaltenes and resins serves as a principal source of energy, by its increased use and the rate of usage of
hydrocarbon contamination also has increased that had made severe impacts on the ecosystem affecting human
health. Biodegradation by microbes had been the most reliable mechanism through which thousands of pollutants
including crude oil are eliminated from the environment.

Soil is a rich source of microbes which promotes the biodegradation of hydrocarbon and residual oil [7]. There are so
many bacteria possessing the ability to utilize hydrocarbon as their sole source of carbon, thus transforming
hazardous component into non-hazardous, biodegrable and ecofriendly compounds [8]. Several reports on isolation
of diesel degrading bacteria were well documented and still intensive research is needed to isolate versatile

bacterial strain for effective degradation of hydrocarbon [9].

Petroleum hydrocarbon-degrading bacteria have evolved because of existing in close proximity to naturally
occurring petroleum hydrocarbons in the environment. Such organisms are candidates for the treatment of oil
pollutants that could act to degrade waste products by the pharmaceutical industries. In recent years, the use of
bacteria to deal with environmental pollutants has become a promising technology because of its low cost and eco-
friendly nature. The continuous development and improvement of microbial remediation technology has also
provided a new method for the remediation of petroleum hydrocarbon pollution, which has attracted much attention
[10].

Earlier studies indicate the ability of Lysinibacillus sp.to degrade asphaltenes in o0il sand with degradation efficiency
increased by 5.88% compared to the controlled group. The degradation period was 35 days and the results signify
the importance of Lysinibacillus sp in improving the quality of the soil, assisting in oil sand exploitation [11].
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Furthermore hyper chemo-tactic activity of Lysinibacillus strains towards glyceryl tributyrate was reported in a
study that provides an understanding on the microbial strains and consortium with the potential to be used for
bioremediation of hydrocarbons contaminated environments [12].

Leaching of HC and water-soluble metabolites was demonstrated during the first stages of biodegradation and the
present study was focussed on the isolation and characterization of efficient hydrocarbon degrading bacteria with
better diesel oil degrading ability [13]. Water samples taken up to 5 cm depth of crude oil contaminated surfaces of
Chennai port (Chennai) and Chidambaranar Port (Tuticorin ) were tested to contain Oil degrading bacterial strains
Lysinibacillus sp., Bacillus sp., Paenibacillus sp., that indicated the prevalence and their beneficial role in oil
degradation from food and industrial wastes. The cultures from soil and water samples from Chennai Port and V. O.
Chidambaranar Port, contained the oil degrading bacterial strains Lysinibacillus sp., Bacillus sp., Paenibacillus sp.,
which were confirmed by PCR amplification and sequencing of 165 rRNA Gene and the sequence similarity checked
using BLAST algorithm. Further studies on the bacteria’s would provide novel insights on the usage of the microbes
for employing them onsite for oil degradation in soil and water.

DISCUSSION

Petroleum, mixture of hydrocarbons primarily consists of saturates, aromatics, asphaltenes and resins serves as a
principal source of energy, by its increased use and the rate of usage of hydrocarbon contamination also has
increased that had made severe impacts on the ecosystem affecting human health. Biodegradation bymicrobes had
been the most reliable mechanism through which thousands of pollutants including crude oil are eliminated from
the environment. Soil is a rich source of microbes which promotes the biodegradation of hydrocarbon and residual
oil [7]. There are so many bacteria possessing the ability to utilize hydrocarbon as their sole source of carbon, thus
transforming hazardous component into non-hazardous, biodegrable and ecofriendly compounds [8]. Several
reports on isolation of diesel degrading bacteria were well documented and still intensive research is needed to
isolate versatile bacterial strain for effective degradation of hydrocarbon [9].

Petroleum hydrocarbon-degrading bacteria have evolved because of existing in close proximity to naturally
occurring petroleum hydrocarbons in the environment. Such organisms are candidates for the treatment of oil
pollutants that could act to degrade waste products by the pharmaceutical industries. In recent years, the use of
bacteria to deal with environmental pollutants has become a promising technology because of its low cost and eco-
friendly nature. The continuous development and improvement of microbial remediation technology has also
provided a new method for the remediation of petroleum hydrocarbon pollution, which has attracted much attention
[10]. Earlier studies indicate the ability of Lysinibacillus sp. to degrade asphaltenes in oil sand with degradation
efficiency increased by 5.88% compared to the controlled group. The degradation period was 35 days and the results
signify the importance of Lysimibacillus sp in improving the quality of the soil, assisting in oil sand exploitation [11].
Furthermore hyper chemo tactic activity of Lysinibacillus strains towards glyceryl tributyrate was reported in a study
that provides an understanding on the microbial strains and consortium with the potential to be used for
bioremediation of hydrocarbons contaminated environments [12].

Leaching of HC and water-soluble metabolites was demonstrated during the first stages of biodegradation and the
present study was focussed on the isolation and characterization of efficient hydrocarbon degrading bacteria with
better diesel oil degrading ability [13]. Water samples taken up to 5 cm depth of crude oil contaminated surfaces of
Chennai port (Chennai) and Chidambaranar Port (Tuticorin ) were tested to contain Oil degrading bacterial strains
Lysinibacillus sp., Bacillus sp., Paenibacillus sp., that indicated the prevalence and their beneficial role in oil degradation
from food and industrial wastes. The cultures from soil and water samples from Chennai Port and V. O.
Chidambaranar Port, contained the oil degrading bacterial strains Lysinibacillus sp., Bacillus sp., Paenibacillus sp.,
which were confirmed by PCR amplification and sequencing of 165 rRNA Gene and the sequence similarity checked
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using BLAST algorithm. Further studies on the bacteria’s would provide novel insights on the usage of the microbes
for employing them onsite for oil degradation in soil and water.

CONCLUSION

Lysinibacillus sp., Bacillus sp., Paenibacillus sp., were isolated from oil contaminated soil and water sample, has a good
scope for usage in bioremediation specially to decontaminate the environment polluted with petroleum
hydrocarbons. The microbes showed the high potential in degrading crude oil in complex conditions. This study
revealed that indigenous micro-organisms present at the polluted sites could be exploited for degrading petroleum
crude oil and could facilitate bioremediation.
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Table 1 .Isolated bacteria identified by 16S rRNA sequencing and through the database of NCBI GenBank

S.No Isolated Bacteria Strain Number Similarity
1 Bacillus cohnii M1 99.80%
2 Lysinibacillus macroides M2 99.20 %
3 Lysinibacillus fusiformis M3 100.00%
4 Lysinibacillus fusiformis M4 100.00%
5 Paenibacillus dendritiformis M5 99.14%
6 Lysinibacillus fusiformis Mo 100.00%
7 Lysinibacillus fusiformis M7 100.00%
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8 Lysinibacillus fusiformis M8 100.00%
9 Bacillus subtilis M9 99.44%
10 Bacillus horti M10 99.26%
11 Bacillus horti Mi1 99.07%
12 Paenibacillusdendritiformis Mi2 99.40%
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Figure 5. Quadrant Streaking Method of the cultures gDNA 16SrRNA Amplicon
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ABSTRACT

A widely used pesticide Acephate(O,S-dimethyl acetyl phosphoramidothioic acid)may be an undesirable
and persistent pollutant to non target environments like rivers and other ecosystems. The objective of this
study was to isolate a potential degrading bacterium of Acephate from polluted soils and test its fitness
under various culture conditions. Sanguibacter sp. PA11 was isolated from Acephate contaminated soils
from the rhizosphere soil of paddy fields collected from Thiruvallur District, Tamil nadu. The organism
was Gram positive, aerobic and rod shaped. Growth curve experiments showed that the bacterial isolate
was able to grow in minimal salt medium containing acephate as the sole source of carbon up to a
concentration of 1000 ug/mL .Bio degradation studies were conducted by FTIR and GC-MS. A
phylogenetic analysis based on the 16 S TRNA gene sequence was conducted to confirm that the isolate
lies within the Sanguibacter. Thus, such findings may be useful in designing bacteria that can be used to
return the altered environment to its original condition.

Keywords: Acephate, , FTIR, GC — MS, Rhizosphere.
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INTRODUCTION

“Rice is Life “describes the importance of rice in human diet .It is grown world-wide over an area of 153 million
hectares with annual production of more than 600 million tonnes .In India, it is cultivated in an area of 44.80 million
hectares with an annual production of 89.31 million tonnes and productivity over two tonnes of milled rice per
hectare [1] .Insect pests are the severe constraints to rice production throughout the world where more than 100
species of insect pests* attack and damage rice[2]. The worldwide usage of herbicides, insecticides and fungicides is
49.6%, 26.2 %and 19.5 %respectively.The wide application of organ phosphorus)OP (insecticides such as
Chlorpyrifos, Parathion, Malathion are employed for plant protection against insect pests. Their physical /chemical
properties including Hydrophobicity, lipophilicity and moderate vapour pressure makes them persistent in the
environment [3]. The pesticide usage is so intense in cultivation and even the seeds to be sown are treated [4].Owing
to their high toxicity & persistence in the environments, most of them are banned all over the world [5]. Though
organic farming is gaining importance, the application of synthetic pesticides is still practised in agriculture and for
sanitation purposes.

Organophosphorus insecticides are esters of phosphoric acid which contain aliphatic phenyl and heterocyclic
derivatives as a part of their complex chemical structureland are used extensively as plasticizers &jet fuel
ingredients 161 .They were first developed in Germany by Schrader in 1930 during World War Il in the form of tetra
ethyl pyrophosphate as a by-product of nerve gas development .They act by inhibiting acetyl choline esterase, which
interferes with the transmission of nerve impulses at the nerve endin [5]. Exposure to very low doses of OPs induces
several neuromuscular and reproductive disorders in humans .The steady accumulation of OPs in the environment
therefore warrants development of safe, reliable and eco-friendly technologies for the elimination of their residues
from contaminated areas .Bioremediation is a viable alternative to physical and chemical means of decontamination
for reducing the toxicity of OP compounds[14]. The susceptibility of pesticides to biological degradation is
extensively variable because of differences in molecular structure as well as in chemical &physical properties [7] .

Acephate, )o,s -dimethyl acetyl phosphoramidothioate (is OP insecticide, has a high water solubility of 790 g L and
low organic carbon water partitioning co-efficient of log Koc 0.48. Previous reports have revealed that very few
species of bacteria are able to degrade this compound .The metabolites and degradative pathways of many pesticides
have not been fully elucidated .This may be because of analytical constraints or the formation of intermediates
undetectable by the method employed .Biodegradation studies of acephate in soil demonstrated that acetic acid is the
possible metabolic product..

The family Sanguibacteraceae was proposed by Stackebrandt & Schumann with Sanguibacter as the type genus|[8].
The genus Sanguibacter was proposed and described by Fernandez-Garayzabal et al.[9] and currently includes six
saccharolytic, facultatively anaerobic species: Sanguibacter antarcticus, Sanguibacter inulinus, Sanguibacter keddieii,
Sanguibacter marinus, Sanguibacter soli and Sanguibacter suarezii. All species of the genus are mesophilic neutrophiles
with optimal growth temperatures within the range 15-30 oC and pH 7.0-7.2. Two thalassic species, S. marinus and
S. antarcticus, have been described so far. They require NaCl for growth, and both were isolated from marine
ecosystems. The remaining species were described as athalassic, with optimal growth at low (0.25-0.5 g /1) NaCl
concentrations and the inability to grow in seawater. S. soli was isolated from soil. Although S. inulinus, S. keddieii
and S. suarezii were isolated from a blood sample from a healthy cow, their maximum growth temperature is 300C,
well below the bovine body temperature [10].
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MATERIALS AND METHODS

Collection of soil sample

The soil sample was taken from three agricultural lands in Pandeeswaran, Thiruvallur District, Tamil Nadu, India. It
came from a paddy field's rhizosphere. It was gathered on the tenth day following the appearance of pesticide in the
field and kept at4° C until processing.

Pesticide used
Acephate, an organophosphorus insecticide was employed in the present study.

Preparation of Minimal Salt medium

Minimal salt medium was composed of KH2POs (1.5 g/L), NH4CI(1 g/L), Na2HPO: (4 g/ L), Hoagland trace element
solution (1 mL/ L), CeHnFeNO7* (0.005 g/ L) and MgSOa (0.2 g/ L) at pH (7.0 + 0.2). Acephate (500 mg/ L) was added
and sterilized. The chemicals were purchased from LobaChemie (Mumbai, India) and were of the highest AR grade.

Screening of pesticide degrading bacterial isolates!'!

In 50 ml of sterile Minimal Salt broth with acephate (50 ppm) as the only carbon source, five grams of rhizosphere
soil sample were infected. The flask was shaken for 72 hours at 37° C while being incubated (100 rpm). Following a
72-hour incubation period, 5 ml of the aliquot was added to 45 ml of brand-new, sterile broth that contained 50 ppm
of acephate. Spread plate technique was used to plate an aliquot from each flask onto mineral salt agar that
contained 50 ppm of acephate. The plates were incubated for 72 hours at 37° C.

Morphological and Biochemical characteristics of bacterial isolates[12]

The common bacteriological techniques, such as colony morphology, microscopic examinations, and biochemical
testing, were used to identify the bacterial isolates. Colony morphology was observed by streaking them on Nutrient
Agar plates. Morphological characters viz. shape, surface, elevation, edge, color and cell morphology were
determined by visual observation as well as using a light microscope. The purified colonies were stained with Gram
stain and then examined under microscope. The biochemical tests conducted include Indole, Methyl Red,
VogesProskauer, Citrate, TSI, Urease and Oxidase tests.

Characterization of Degradation Metabolites of Acephate by Using FTIR Analysis[13]

100 mL of the spent medium was clarified by centrifugation at 5000 rpm, followed by filtration through a Whatman 1
filter paper. The clarified medium was extracted thrice with an equal volume of ethyl acetate. The extracted organic
phase was allowed to air dry, and the remaining residue was dissolved in a minimal volume (250 uL) of water, and
about 1 uL was taken for mass analysis using a mass spectrophotometer (Waters, Q-TOF Micromass, Manchester,
UK). Functional groups of acephate and its decomposed metabolites were identified by applying FTIR analysis. FTIR
analysis was performed on a Shimadzu-8400s FTIR spectrophotometer (Shimadzu, Japan) using KBr pellets of the
dry mass of technical grade acephate and extracted or decomposed metabolites. The FTIR analysis was performed in
the mid-IR region of 400-4000 cm—1 with a 16 scan speed.

GCMS Instrumentation[14, 15]

To perform GC —MS analysis, 50 ml of the spent medium was clarified by centrifugation at 13200 g, followed by
filtration through a 0.2 um filter .The clarified medium was acidified with 0.09 N Hydrochloric acid and then
extracted thrice with an equal volume of ethyl acetate .The pooled organic phase was allowed to air dry, and the
remaining residue was dissolved in a minimal volume )500 pl (of methanol and about 1 pl of it was taken for
analysis .The samples were analysed in GCMS )Gas Chromatograph Mass Spectrophotometer) (QP 2010 Shimadzu
Corp .Japan (equipped with capillary column DB —I )30 m long, ID 0.32 mm (and 5 %methyl phenyl silicone .The
limit of detection )LOD (of acephate was determined three times of the standard deviation of the blank Before
analysis, standards were run to check for the column performance peak height and resolutioninjection ,The column .
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Helium was used as the carrier gas .C respectively’ 250C and ° 230 ,C° 210mperatures were maintained at port and detector te
min/ml Imaintained at and the flow rate was.

Molecular and Phylogenetic Characterization of the Bacterial Isolate

16 S ribosomal RNA (rRNA) gene analysis of the bacterial isolate was conducted at Inmugenix Biosciences (Chennai,
India). The genomic DNA was isolated from the bacterial isolate PA11 using Qiagen extraction and Qubit 4
Fluorometer (Life Technologies, USA) method and amplification of the 165 rRNA gene was performed with broad
range pan Eubacterial primers. Phylogenetic analysis of the 165 rRNA gene was done. The obtained 16S rRNA gene
sequence was queried on the GenBank database using BLAST. The top BLAST hits were collected and aligned and a
neighbor joining and a maximumd-likelihood tree was constructed using the MEGA11 Phylogenetic tree online tool to
establish the phylogenetic relationship.

RESULT

Isolation and Identification of acephate degrading bacterial isolate

After incubation, sixteen bacterial isolates have been isolated from the pesticide infested soil in MSM and named as
PA1 to PAl6.Bacterial isolate PA11 was selected for further study based on growth studies on minimal salt medium,
efficacy of bacterial isolates on acephate degradation, enzyme test, FTIR and GC - MS analyses.

Morphological and biochemical characteristics of bacterial isolate PA11
Colony characteristics on Nutrient Agar plates, cell morphology, gram staining results and biochemical results were
shown in Table 1 and Table 2.

FTIR analysis

Analysis of pure acephate and decomposed metabolites, obtained after treating with the bacterial isolate PA11 after
10 days, with FTIR, was performed to confirm the biodegradation of acephate .The FTIR spectra of standard
acephate)Control) (Fig .1a (and the samples with bacterial isolate PA11 infused with known amount of acephate) Fig .
1b)were found to be significantly different from each other .The observed changes in peak pattern and shift of the
functional groups indicated the conversion of acephate to different metabolites.

GC -MS analysis

Based on the chromatogram obtained through GC - MS analysis of the aliquots, it is conferred that all the samples
subjected to analysis for acephate degradation showed degradation of acephate into various other simple
compounds. This was indicated by variation of peaks obtained in all the samples in correspondence to varying level
of retention time. It is further supported by the variation in the area occupied by each compound in all the sample
chromatogram when compared with standard acephate chromatogram. The gas chromatograms obtained from GC-
MS are shown in Fig. 2a (Standard Acephate)and Fig.2b(PA11).Fig. 2a reveals the retention time of standard acephate
(17.724) which was not found in the chromatogram of the treated sample. This shows that acephate is converted into
other compounds by bacterial isolate PA11 and resulted in peaks of different retention times and area which do not
correspond with the standard.

Evolutionary relationships of taxa

The molecular characterization based on 16S rRNA sequence analysis was used to identify PA11. The sequence of
16S rRNA gene of bacterial isolate PA11 was determined and used to construct a phylogram(Fig. 3). It displayed the
highest identity (85 %) with the 165 rRNA gene of Sanguibacter sp.(GenBank accession no. OP936003). The
evolutionary history was inferred using the Neighbor-Joining method[16]. The optimal tree is shown (next to the
branches). The evolutionary distances were computed using the Maximum Composite Likelihood method[17] and
are in the units of the number of base substitutions per site. This analysis involved 20 nucleotide sequences. All
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ambiguous positions were removed for each sequence pair (pairwise deletion option). There were a total of 1763
positions in the final dataset. Evolutionary analyses were conducted in MEGA11[18].

DISCUSSION

Synthetic pesticides are purposely introduced into agricultural systems to protect crops against weeds, insects, fungi
and other pests, medicine, industry and the household. However, the majority of the applied pesticides, even if
sprayed on the foliage of crop plants and weeds, will eventually reach the soil. Trace contamination of pesticides
present in the environment creates a lot of pollution dilemma due to their toxicity and bioaccumulation
property[19,20]. Acephate(O,S-dimethyl acetyl phosphoramidothioate) is a racemic organ phosphorus insecticide
used as broad spectrum insecticide for foliar treatment of vegetable, fruit and field crops, cotton, commercial
ornaments, and in around poultry houses and dairies[21]. Though there are extensive studies on the biodegradation
of various other organophosphates, only a few reports are available on bacterial — promoted biodegradation of
acephate[14]. Many authors indicate that the bacterial isolates belonging to different taxonomic groups have
enormous pesticide degrading potential.

Zhi et al, [22] provided a thorough review of the literature that presented acephate-degrading bacteria isolated from
soils in which acephate was used for a long period. The bacterial strain that belongs to Chrysobacteriumsp. XP-3 has a
strong ability of growth and reproduction in medium containing 1500 mg L-1 acephate.JianjunRen[23] reported that
Bacillus paramycoides NDZ is an effective bacterium fordegrading acephate that follows different degradation
pathwayscompared to high-temperature steam. It degraded about 76% of the acephate in MSM after 48 h of
incubation. Lin et al. [33]; Ramya et al.,[24] have reported that B. cereus and B. subtilis can degrade acephate. Phugare
et al, [25] found that a consortium including Exiguobacterium sp. and Rhodococcus sp. have acephate degrading
capacity. A similar study achieved by Pinjari et al.,, [14] demonstrated that Pseudomonas acephaliticalnd01 is capable of
breaking down acephate.

A facultative methylotroph, Hyphomicrobium sp. MAP-1, and Luteibacter, capable of high efficiently degrading
methamidophos, first product of acephate metabolismas sole nitrogen or sulphur source, bacteria were isolated from
methamidophos-contaminated soil in China[26]. Singh et al.,[27] demonstrated that Enferobacter strain B-14 was
found to utilize organophosphorus insecticides as a source of carbon and phosphorous. Acephate was utilised as a
potential source of sulphur and nitrogen by few soil microbes like Penicillium[28]. Soil microbes such as
Saccharomyces rouxii WY-3 [29], Aspergillusorantus[30], and Pseudomonas sp. Ind01[14], Pseudomonas aeroginosalS6 [31],
are being reported to degrade acephate. ThiruvengadamVenkatesan et al,[32] isolated acephate degrading bacteria
E. asburiae B. cereus and P. agglomerans, from the gut of diamondback moth larvae, an important pest of cruciferous
crops worldwide that has developed resistance to insecticides.

Several degrading microorganisms with partial or complete degradation capacity of acephate or
methamidophoshavebeenisolatedandcharacterized,suchasLysinibacillusfusiformis, ~ Pseudomonas sp., Pseudomonas
pseudo alcaligenes, Bacillus subtilis, Pseudomonas azotoformans, and Pseudomonas putida[33,34,13,35].Mohan and
Naveena[llJisolated five bacterial strains, which are identified as Bacilluscereus ADI-10,Nibacillus fusiformis ADI-
01,Pseudomonas pseudoalcaligenes ADI-03,Pseudomonas sp.ADI-04, and Pseudomonas pseudoalcaligenes ADI-06.These strains
could efficiently grow and degrade acephate at 500 mg/L without any additional carbon source and were further
utilized to analyze the mechanism of acephate degradation. Mucorsp. has been found to be able to degrade
methamidophos and acephate[36,37].
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CONCLUSION

Biodegradation using native microbes for pesticide removal from the environment is quite attractive. It can be a
beneficial aspect if these bio resources are tapped. The present study has been successful in isolating and
characterizing bacterial isolate which have been known for their diverse metabolic activities and metabolites. From
the present study, it has been concluded that the bacterial isolate Sanguibacter sps. has the capacity of utilizing
acephate as a carbon source. It is efficient to grow and degrade acephate up to 1000 ppm without the addition of any
extra carbon source. To the author’s knowledge this is the first documentation of bacterial isolate. This bacterial
isolate can be further analyzed on degradation of higher concentration of pesticide and pathogenic aspects for
bioremediation to clean up the pesticide contaminated land.
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Table 1:Colony morphology of PA11 isolate on Nutrient Agar plate
Colony morphology on Nutrient Agar plate

Isolate No.
sofate o Size Shape Elevation Edge Surface Colour
PA11 Large Circular Raised Entire Moist Cream
Table 2: Biochemical properties of PA11 isolate

Isolat G

soate r a.m Indole | Methylred | Vogesproskauer| Citrate TSI Urease Oxidase
No. staining

PA11 G(+) rod + - - + K/K + +

Fig. 1(a) FTIR Analysis of Standard Acephate Fig. 1(b) FTIR Analysis PA11 strain
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FJ671405.1 Uncultured bacterium clone LL143-7H12 16S ribosomal RNA gene partial sequence
MN099334 1 Sanguibacter marinus strain YIM101874 16S ribosomal RNA gene partial sequence

o MG563351.1 Actinobacteria bacterium strain 2BQY-J4 16S ribosomal RNA gene partial sequence

°18P935003,1 Sanguibacter sp. strain PA11 1685 ribosomal RNA gene partial sequence
MT793552 1 Flavimobilis marinus strain D314 16S ribosomal RNA gene partial sequence
MT793566.1 Flavimobilis soll strain P513 16S ribosomal RNA gene partial sequence
MT043880.1 Sanguibacter sp. strain RU111 168 ribosomal RNA gene partial sequence
FJ675437.1 Uncultured bacterium clone LL 141-8D7 16S ribosomal RNA gene partial sequence
~ JN853180.1 Sanguibacter sp. B14-PCA-PT2P21 165 ribosomal RMA gene partial sequence
~fAw092917.1 Flavimobilis sp. strain H20Z97 168 ribosomal RNA gene partial sequence
MKB854987 1 Sanguibacter soli strain CT71A 16S ribosomal RNA gene partial sequence
MKB54982.1 Sanguibacter soli strain CT71b 16S ribosomal RNA gene partial sequence
MK854989.1 Sanguibacter marinus strain CT81B 16S ribosomal RNA gene partial sequence
K854983.1 Sanguibacter sp. strain CT112 168 ribosomal RNA gene partial sequence
*Tikas4971.1 Sanguibacter soli strain CT121 16S ribosomal RNA gene partial sequence

Fig. 3 Phylogenetic tree analysis of Bacterial Isolate PA11
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ABSTRACT

In this paper, mainly we discussed the certain properties of ternary semigroups and commutative ternary
semigroups and regular, normal ternary semigroups.

Keywords: Ternary semigroups, commutative ternary semigroups, quasi- commutative ternary semigroups, regular
ternary semigroups and normal ternary semigroups
AMS Subject Classification code: 20M12, 20N10

INTRODUCTION

The theory of ternary algebraic system was introduced by D.H. Lehmer in 1932, but earlier such structures were
studied by Kasner who gavethe idea of n-ary algebras. Ternary semi groups are universal algebras with one
associative ternary operation. In 1955, J. Los studied some properties of ternary semi groups and proved that every
ternary semigroup can be embedded in a semi group. F.M. Sioson introduced the notion ofregular ternary
semigroup. In 1983, M.L. Santiago developed the theory of ternary semi groups and semi heaps. Y. Sarala, A.
Anjaneyulu and D.Madhusudhana Raoinitiated the study of quasi commutative, pseudo commutative and normal
ternary semi groups.

Preliminary Concepts and Basic Results
This section contains preliminary concepts and Basic results of ternary semi groups.
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Definition1.1.1. A class S with an operation between triplets of elements is called a triplex if the following postulates
hold.
Postulate I.(a.b.c)d.e = d.(a.b.c).e = d.e(a.b.c)

= (a.b.d).c.e = (a.b.e).c.d = (a.c.d)b.e

= (a.c.e).b.d = (a.d.e)b.c = (b.c.d).a.e

= (b.c,e).a.d = (b,d.e).a.c = (c.d.e).a.b
provided a, b, ¢, d, e and all the expressions belongs to S.

Postulate IL. If a, b, c € S, then there is an element x of S such thata.b.x = c.
The number of elements in S is called the order of triplex and is specified,when necessary, by adding one of the
postulates:

Postulate III1. K contains “ n” elements.
Postulate III2. K contains infinitely many elements.
According as III1, or III2 holds, the triplex is called finite or infinite.

Examplesl.1.2.
1. Set of all natural numbers is a triplex under usual multiplication.
2. Z={x1,+2,43,..........} is a triplex under usual multiplication.

3. Let S be the set of all matrices of the form [g g]of order 2x2matrices for a and b are natural numbers. Then S is

also a triplex under usual matrix multiplication.

Definition 1.1.3. A ternary semi group is a nonempty set S together with a ternary operation (ay,a,,as) — (a;a,as),
satisfying the associative law of the first kind ((a;a,a3)(asas)) = (ai(azazas)as) = (a;az(azasas))
forall a; €5,1 <i < 5.

Definition 1.1.4.Let S be a groupoid. Then it is right almost semigroup (RA-semigroup),
we have a,(a,a3) = az(a,a,) = ay(a;a3),
foralla; €S5,1 < i < 3.

(i) RA-semigroup - R-cydlicif (a;a,)as = (aza;)a, = (a,as)a,, foralla; € 5,1 <i < 3.

(ii) RA-semigroup - L-cyclicifa, (a,a3) = az(a;a,) = a,(asza,), foralla; €S5,1<i<3.

Remark 1.1.5. A groupoid S is medial if forall a; € S, 1 < 4, S satisfies medial (or) bi-symmetry law,
i

<i
(i-e) (a1ay)(aszay) = (aia3)(azay), foralla; €S5,1 < i < 4.
0 0[1 0[1 0[0 1[0 0[0 0}
0 olto 1llo ollo oll1 ollo 1
then S is a ternary semi group under usual multiplication.

Example 1.1.6. Let {[

Example 1.1.7. LetS ={0,1,2,3,4,5} and abc = (a *b) *cforalla, b,c € S where’ *’ is defined in the following table
*x0]1]2]3 5

BN =[O
R IN|R =IO

s |jwN|- o
o|lo|lolo|o|o
N NI =N
SN EN IS I )
=N =|o
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Then (S, *) is a ternary semigroup.

Definition1.1.8. A ternary semigroup S is said to be commutative if

abc = bca = cab = bac = cba = acbforalla,b,c €S

A ternary semigroup S is said to be quasi commutative if for any a, b, ¢ € Sthere exists a natural number ‘ n’ such
that

abc = b"ac = bca = c"ba = cab = a"ch.

Definition1.1.9.A ternary semigroup S is said to be normal if abS = Sabforalla,b €S .

Definition1.1.10. A ternary semigroup S is said to be right pseudo commutative if

abcde = abdec = abecd — abdce = abedc = abced foralla,b,c,d,e € S.

Examplel.1.11. Let S = {a,b, c,d, e} be a set. Define a ternary operation *.” on S. where “.” is defined by the following
table

Qe Qn
Qa0

a
a
b
a
a
a

QU QR a

b
a
a
a
a
b

o un T Q-

c e
Then (S, .) is aright pseudo commutative ternary semi group.

Definition1.1.12. An element ‘a’ of a ternary semigroup S is said to be right identity ifsaa = s foralls € S.
Definition1.1.13. An element ‘a’ of ternary semigroup S is said to beidentity or unital if saa = s foralls €S.

Example 1.1.14. Let Z; be the set of all non-positive integers. Then with theusual ternary operation *.’Z; forms a
ternary semigroup with the identityelement —1.

Theorem 1.1.15.Any ternary semigroup S has almost one identity.
Note 2. The identity of ternary semigroup is usually denoted by ‘1" (or) ‘e’.

Definition1.1.16. An element ‘a’ of a ternary semigroup S is said to beright zero of Sif bca = aforallb,c € S.
A ternary semi group S is said to be right zero ternary semi group if every element of S is right zero element.

Definition1.1.17. An element ‘a’ of a ternary semigroup S is said to be zero of Sif bca = a forallb,c € S.
A ternary semi group S is said to be zero ternary semi group if every element of S is zero element.

Example1.1.18. Let 0 € S and ISl > 2. Then S with the ternary operation " defined by
X ifx=y=z

0,otherwise ternary semigroup with 0 (zero).

x.y.z={

Result 1.1.19. Any ternary semigroup S has at most one nonzero element.
Definition1.1.20. An element ‘a’ of ternary semigroup S is said to be an idempotent if a® = a.

Note 3. The set of all idempotent elements in a ternary semigroup S isdenoted by I(S).

Definition1.1.21. An element ‘a’ of ternary semigroup S is said to be a proper idempotent element provided “a " is an
idempotent and which is notan identity of S when identity exists.

Definition1.1.22. A ternary semi group S is said to be an idempotent ternary semi group or a ternary band if every
element of S is an idempotent.
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Definition1.1.23. A ternary semigroup S is said to be aright cancellative if

xab = yab => x = y.

Definition1.1.24. An element ‘a’ of a ternary semigroup S is said tobe regular if there exists x,y € S such that
axaya = a.

A ternary semigroup S is said to be regular ternary semigroupif every element of S is regular.

Result 1.1.25. Every idempotent element of a ternary semigroup S is regular.

Definition1.1.26. An element ‘a’ of a ternary semigroup S is said tobe right regular if there existsx,y € S such that
a = xya?.

An element ‘a’ of a ternary semigroup S is said to beintra regular if there exists x,y € S such thata = xa®y.

Definition1.1.27. An element ‘a’ of a ternary semigroup S is said to becompletely regular if there exists x,y € S such
thataxaya = aandaxa = aax = xaa = aya = aay = yaa = axy = yxa = xay = yax.
A ternary semigroup S is said to be completely regular ternarysemigroup if every element of S is completely regular.

Result1.1.28. Let S be a ternary semigroup and a €S . If‘a’is acompletely regular element in S then “a ’ is right
regular in S.

Resultl.1.29. If S is a commutative ternary semigroup then S is aquasi-commutative ternary semigroup.

Result1.1.30. If S is a quasi-commutative ternary semigroup then Sis a normal ternary semigroup.

Result1.1.31. Every commutative ternary semigroup S is a normalternary semigroup.

Result1.1.32. If S is a commutative ternary semigroup, then S is apseudo commutative ternary semigroup.
Theorem1.1.33.A quasi-commutative ternary semigroup S is acommutative ternary semigroup if all elements of S are
idempotent.

Proof.
Let S be a quasi-commutative ternary semigroup.
Then abc = b™ac—bca = c"ba = cab = a"cbh—————(1)foralla,b,c €S,

where ‘n’ is a natural number.

Sincea €S = a?

saad=aa 2 a*=a’=2>a’°=ad*=a>a*=a a' =aq,...
In generally we write this a®"*' = aforn = 1,23,............
From result 1.1.21, every idempotent element of T is regular.

Here 'a' is regular then there exists x,y € Ssuch thata = axaya.
Now, we have to prove that T is commutative.

ie., abc = bca = cab = bac = cha = acbforalla,b,c€S.
from equation (1) it is enough to prove that

b™ac = bac, c¢"ba = cha, a™cb =acbforn = 1,2,3,.............

Considerb™ac = bb™ 1ac,
=p2n+ipn=lgc, (sinceb = h2"*1)
=bb3 qc,
=bb3" %pqc,
- bb3n—2b2”+1ac,
=bb3"2pb?qc,
=bb3""2ph?"1pqc,

= bxbybac, (x =b32andy = b2 1)
= bac (Since ‘b’ is regular)
b™ac = bac,
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Similarly, ¢c"ba = cba, a™cb = ach.
Therefore abc = bca = cab = bac = cha = acb foralla,b,c €S.

Hence S is a commutative ternary semigroup.

Termary Semi groups Satisfying the Identity abc = ba
In this section we prove some properties of ternary semi groups satisfying the identity abc = ba.

Theorem 2.1.1.If a regular ternary semi group S satisfies the identityabc = ba for all a,b,c € S,then S is a

commutative ternary semi group.

Proof.
Let S be a regular ternary semi group. Then for every a € S thereexistsx,y € S such that a = axaya.Given that S

satisfies the identity abc = ba forall a,b,c € S .We have to prove that S is a commutative ternary semigroup,
ie., abc = bca = cab = bac = cha = acbforalla,b,c€S.
Consider abc = a(bcx)cyc (¢ = cxcyc)

= ac(bcy)c (bex = ¢b)
= (ac)chbc (bcy = ¢cb)
= c(abc)bc (ac = cab)
= cb(abc) (abc = ba)
= (ch)ba (abc = ba)
= b(cab)a (cb = bca)
= (ba)ca (cab = ac)
= ab(xca) (forall x € S, ba = abx)
= a(bcx) (xca = cx)
= ach (bcx = cb)
abc=ach ——————-— -1
Consider acb = (acb)ubvb = c(aub)vb(b = bubvb and acbh = ca)
= c(uav)b (aub = ua)
= ca(ub) (uav = au)
= c(abu)v (ub = buv)
= c(bav) (abu = ba)
= cab
ach = cab ————————— -2
Consider cab = (cab)ubvb = a(cub)vb (b = bubvb and cab = ac)
= a(ucv)b (cub = uc)
= ac(ub) (ucv = cu)
= a(cbu)c (ub = buc)
= (abo)c (cbu = bc)
= bac (abc = ba)
cab = bac  ———————-— -3
Consider bac = b(acx)cyc = bca(cy)c(c = cxcyc and acx = ca)
= bc(ayc)xc (cy = ycx)
= (bcy)axc (ayc = ya)
= c(bax)c (bcy = cb)
= c(abc) (bax = ab)
= cha (abc = ba)
bac = cha  @———————— -4
Consider cha = (cba)xaya = b(cxa)ya (axaya = a and cba = bc)
= b(xcy)a (cxa = xc)
= bc(xa) (xcy = cx)
= b(cax)y (xa = axy)
= b(acy) (cax = ac)
= bca (acy = ca)
¢ha = bca ———————-— -5
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From equations (1) to (5), we get abc = ach = cab = bac = cba = bcaimplies that abc

cha = acbforalla,b,c €S.
Therefore, S is a commutative ternary semigroup.

ISSN: 0976 — 0997

cab = bac =

Theorem 2.1.2. If a regular ternary semigroup S satisfying the identityabc = ba for all a,b,c € Sthen S is right

regular.

Proof.

Let S be a regular ternary semigroup. Then for any a € S thereexistsx,y € S such thata = axaya.

Given that S satisfy the identity abc = baforalla,b,c € S.
i.e.S is commutative.
To prove that Sis right regular. i.e, for any a € S thereexistsx,y € S such thata = xya?.
Consider a = axaya = a(xya)a (aya = yaa)
= (ayx)a (xya = yx)
= xyaa (ayx = xay) = xya?
a = xya?forall a € S.Therefore, S is right regular.

Theorem 2.1.3. If a regular ternary semigroup S satisfies the identityabc = ba for all a,b,c € S then S is completely

regular.

Proof.

Let S be a regular ternary semigroup. Then for any a € S, thereexists x,y € S such that a

satisfy the identity abc = ba foralla,b,c € S.
From theorem 2.1.1, S is commutative, we have to prove that S is completely regular.
ie. if a € S then there existsx,y € S such thata = axaya and

axa = aax = xaa = aya = aay = yaa = axy = yxa = xay = yax.
By the regularity of S, we have axaya = a forall a € S.To prove that

axa = aax = xaa = aya = aay = yaa = axy = yxa = xay = Yax.

Consider axa = axa(yax)a (a = axaya)
= ax(aay)a (yax = ay)
= ax(aya)a (aay = aya)
= a(xya)aa (aya = yaa)
= a(yxa)a (xya = yx)
= a(xya) (yxa = xy)
= ayx (xya = yx)
axa = ayx =~ ———————— -1
Consider ayx = axayayx (a = axaya)
= aax(ayx) (xay = ax)
= aa(xya) (axy =ya)
= a(ayx) (xya = yx)
= aya (ayx = ya)
ayx = aya @ ———————— - (2)
From equations (1) and (2) we get axa = ayx = aya
=>axa = aya = ayx ~———————~— - (3)

Since S is commutative then from equation (3) we get,

axa = aax = xaa = aya = aay = yaa = axy = yxa = Xxay = Yax.

Therefore, S is completely regular.

axaya.Given that S

Theorem 2.14. If a regular ternary semigroup S satisfies the identityabc = ba for all a,b,c € S then S is right

calculative.
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Proof.
Let S be a regular ternary semigroup and satisfies the identityabc = ba foralla,b,c € S.
Wehave to prove that S is right cancellative.

ie., if xab = yab=>x = yforalla,b,c,x,y €S.

Consider xab = yab
xux(vxa)b = ypy(qya)b (x = xuxvxandy = ypyqy)

xwc(xvb) = ypyiyqb) forallu,v,p,q €S.
XUXVX = ypyqy
X =y.

Therefore, S is right cancellative.

Corollary 2.1.5. If a regular ternary semigroup S satisfies the identityabc = ba for all a,b,c € S then S is quasi
commutative.

Proof.

Let S be a regular ternary semigroup and satisfies the identityabc = ba for all a, b, c € S. Then from theorem 2.1.1, S
is commutative. From result 1.1.32, every commutative ternary semigroup is a quasi-commutative ternary
semigroup. Hence S is quasi commutative.

Corollary 2.1.6. If a regular ternary semigroup S satisfies the identityabc = ba for all a, b, c € Sthen S is normal.
Proof.

Let S be a regular ternary semigroup and satisfies the identityabc = ba for all a, b, ¢ € S. Then from corollary 2.1.5, S
is quasicommutative. From result 1.1.33, every quasi-commutative ternarysemigroup is normal. Hence S is normal.

Corollary 2.1.7. If a regular ternary semigroup S satisfies the identityabc = ba for all a,b,c € S then S is pseudo
commutative.

Proof.

Let S be a regular ternary semigroup and satisfies the identity abc = ba for all a,b,c € S. Then from theorem 2.1.1, S
is commutative.Again, from result 1.1.33, every commutative ternary semigroup is a pseudo commutative ternary
semigroup. Hence S is pseudo commutative.

Theorem 2.1.8. If a right pseudo commutative ternary semigroup S satisfies the identity abc = ba for all a,b,c €
Sthen S is commutative.

Proof.
Let S be a right pseudo commutative ternary semigroup. Then forall a, b, ¢ € Ssuch that
abcde = abdec = abecd = abdce = abedc = abced — — — ——- (1)
we have to prove that S is commutative. Since S satisfies the identity abc = ba for all
a,b,c€S,
we have Consider a(bcd)e = a(cbe) [bed = cb]
= abc (cbe = bc)
abcde = abc — ————-(2)
Consider (ab)dec = b(acd)ec [ab = bac]
= bca(ec) [acd = ca]
= (bca)cef [ec = cef]
= cb(cef)[ bca = cb]
= cbe(caf) [ce = eca]
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= cb(eac)[caf = ac]

= c(bae) [eac = ae]
= cab [bae = ab]
abdec = cab ————5(3)
Consider ab(ecd) = a(bce) [ecd = ce]
= acb
abecd = ach ———— 4
Consider (abd)ce = b(ace) [abd = ba]
= bca [ace = ca]
abdce = bca ————5(5
Consider (ab)edc = b(ace)dc [ab = bac]
= (bc)adc [ace = ca]
= cbh(ead)c [bc = che]
= c(bae)c [ead = ae]
= c(abc)[bae = ab]
= cha [abc = ba]
abedc = cbha —————5(6)
Consider ab(ced) = (abe)c|[ced = ec]
= bac
abced = bac ———— (7

Substituting equations (2), (3), (4), (5), (6) & (7) in (1),

we haveabc = cab = ach = bca = cha = bacimplies that abc = bca = cab = bac = cha = acb for all
a,bc€S.

Therefore, S is commutative.

Theorem 2.1.9. If a pseudo commutative ternary semi group S satisfies the identity abc = ba for all a,b, ¢ € Sthen Sis
commutative.

Proof.
The theorem follows from above three theorems.

Corollary 2.1.10. If a pseudo commutative ternary semigroup S satisfiesthe identity
abc = ba forall a, b, c € Sthen S is quasi commutative.

Proof.

Let f be a pseudo commutative ternary semigroup and S satisfies the identity

abc = ba forall a, b, c € S. Then from theorem 2.1.9, S is commutative. From result 1.1.32, every commutative ternary
semigroup is quasi commutative. Hence S is quasi commutative.

Corollary 2.1.11. If a pseudo commutative ternary semigroup S satisfies the identity
abc = baforalla,b,c € S then Sis normal.

Proof.

Let S be a pseudo commutative ternary semi group and satisfies the identity abc = ba for all a, b, c € S. Then from
corollary 2.1.10, S is aquasi-commutative ternary semigroup. From result 1.1.33, every quasi-commutative ternary
semigroup is normal. Hence S is normal.
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ABSTRACT

The difficult issue of detecting and mitigating threats in cloud computing will have an impact on the
operation of the overall architecture. To mitigate against hackers or attacks, numerous security

precautions have been taken. Traditional security measures were unable to protect the server from
numerous unauthorized external traffics. Data mining techniques are developed, and their effectiveness
in identifying attacks such denial-of-service (DoS), user-to-root (U2R), remote-to-local (R2L), and probing
assaults is examined. When compared to other classifier algorithms like KNN, Naive Bayes, and SVM,
the performance of the created classifier algorithms performs better. The proposed ADDSVM detection
model outperformed all other algorithms according to the outcomes of the result analysis.

Keywords: Attack detection, Machine Learning, KNN, Naive Bayes, SVM, Proposed ADDSVM

INTRODUCTION

Cloud computing is increasingly widely used by businesses to communicate sensitive data. Several hackers are
attempting to violate security by using cloud services. A cyber-attack is an intelligent action that aims to compromise
cloud services. Hackers employ a range of techniques to stop people from accessing cloud data. DoS, virus incursion,
side-channel, middle man, and authentication attacks are only a few examples of the many attacks against the cloud.
Attacks will happen at several points in a cloud-like data storage system during transactions, resource utilization,
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and sharing. Depending on the type of attack, attack loss may be lesser or larger. An enormous increase in the use of
cloud services is what caused the cloud assault [6].

The primary drawback of cloud computing is the loss of user control over data once it has been saved on a cloud
storage system. The information kept in cloud data centers is completely under the control of cloud service providers
(CSPs). Data can be altered, deleted, or copied by the CSP without the user's awareness [7]. The main cause of data
integrity concerns is a lack of control over sensitive data that is kept. Cloud computing poses serious risks to data
security, privacy, and integrity even if it is less expensive and requires less resource management. The resource that
is assigned to one user may eventually be assigned to another user thanks to the multi-tenancy design. A malevolent
user can use malicious code to recover the private information of a prior user by taking advantage of a flaw in the
resource pooling system. Data stored in multi-tenant clouds may be at danger due to improper disk sanitization.
Disasters involving data backups, whether unintentional or purposeful, may make the data unavailable. To avoid
data modification and illegal access to the cloud environment, security measures should be taken [8]. There are many
threats and vulnerabilities that can compromise the security of data saved in cloud storage. Anyone can be an
attacker, including the owner, a malevolent user, an unreliable third party, or the CSP. In the context of cloud
computing, numerous mechanisms and plans have been put out to protect data ownership and data integrity [9].

LITERATURE REVIEW

Bhosale et al. (2020) have implemented intrusion detection on KDD Container 99 using five different classification
algorithms. The key qualities were discovered by utilizing a feature selection algorithm to narrow down the
attributes that mattered the most. The experimental data from the Navies Bayes, CNN, SVM, ANN, and KNN
models were analyzed, and the results showed that these models have the potential to perform better than other
statistical models when it comes to the accuracy of intrusion categorization [2]. Bigdata approaches have been
introduced by Singhal et al. (2020) to deal with the problem of DDoS attack detection on the application layer. In the
context of cloud computing, a review of different machine learning techniques for DDoS attack detection and
mitigation has been conducted [11]. A hybrid approach based on SVM kernel techniques such as Anova Dot and RBF
Dot was created by Adhikary et al. in 2020. Real-time dataset simulation was used to assess and compare this
algorithm's testing and training accuracy to single SVM kernel techniques. According to the experimental
investigation, the hybrid algorithm achieved greater accuracy than individual algorithms [1].

Swami et al.(2020) have created an intrusion defense system that is based on machine learning and is designed for
software-defined networking topology. The many different patterns of DDoS attacks as well as the machine learning
strategies that were utilized to combat the issues were exhaustively described. Nonetheless, the detection of
intrusions was not carried out for the purpose of this investigation [13]. An evolutionary algorithm-based machine
learning intrusion detection system has been presented by Dwivedi et al. (2020). (IDS). The created classifier models,
including SVM, decision tree, naive Bayes, and multilayer perceptron neural network models, have been fed with the
trend features using a grasshopper optimization technique. The experimental findings demonstrated that the
classification accuracy has increased due to the use of evolutionary algorithms. However, parameter adjustment is a
limitation of the grasshopper optimizer [3]. Hussain created machine learning classification methods for a DDoS
attack detection technique (2020). The implementation and overall performance of ML algorithms including
BayesNet, Bagging, KNN, SMO, and Simple Logistic methods were studied. The results showed that the KNN
performed better than the other models with better metric values. However, the impact of feature selection was not
discussed in this work [4].

To recognize the Botnet attack, Tuan et al. (2019) used the SVM, ANN, NB, DT, and USML algorithms. The KDD99
dataset was used for the experimental simulation, which proved that the created algorithms' effectiveness and the
dataset's performance were superior to those of the UNBS-NB 15 dataset [14]. A machine learning approach for
identifying DDoS assaults at the application layer has been created by Sreeram and Vuppala (2019). In this study, a
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bio-inspired anomaly algorithm for quick and early classification was created, and an experimental examination of
the CAIDA dataset was conducted. There was no discussion of the impact of feature selection [12]. A machine
learning algorithm based on the PSD entropy function approach has been developed by Zhang et al. (2020) for the
identification of DDoS attacks. SVM was used to distinguish LDoS traffic, and the required attributes were chosen to
increase classification precision. The impact of fine-tuning kernel parameters was not discussed [15]. Prathyusha and
Kannayaram (2020) have made a model for detecting DDoS attacks in cloud computing services that is based on how
the human immune system works. Simulated immune reactions were used to identify anomalous entries on the
KDD Cup 99 datasets with a low false alarm rate. The importance of feature choice wasn't discussed [5].

METHODOLOGY

Attack Detection using Dynamic Support Vector Machine (ADDS VM)

Attack detection is done by using the Dynamic Support Vector Machine (ADDSVM). Dynamic corresponds to the
existence of SVM in the local area and is referred to as a distributive kernel function. Computation of ‘0’ for each
training sample, formulation of dynamic SVM using Euclidean distance distribution and dynamic training set is
included in the kernel function. The value of ‘0’ is calculated by separating the length between the training and the
target samples in order to show the importance of the samples. The small ‘0’ training sample is more significant than
the other samples. Let ‘x’ is the target sample. The sample training set A is defined as {(xiyi), i=1,...n.} denotes the
total number of training samples, yi denotes the class labels that is an attacker or normal user, x:€R4, R dimensional
data space.

The important parameter in attack detection is the Euclidean distance ri and is computed from the following
equation

ED =1 =|x— x| (Eq.3.1)
Attack detection for target sample ‘x” is determined by using a fewsamples in local space "xi" with ‘X" as the center.

The influences of other samplesshall be excluded. If the sample xi is similar to the target sample x, then xi is
moreimportant than x. The term oi of sample xi is given by the equation,

o = (fr) (Eq:3.2)

where, the monotonically increasing function is defined as f(ri). The term o: isalso represented by an equation,
o= og(1-1) (Eq3.3)

Substituting oi as in Equation (3.2) and it is changed to new equation. i.e,
o =[f"1 ()] (Eq.3.4)

where, the radius of dynamic training is given by ro and it is a user-controlled parameter. Samples with ‘ri" less than
‘1o’ are selected in the dynamic training setAx and are expressed in the following equation

Ay = {Goy) i =1 ygryery} (Eq.3.5)
where, the number of samples in Axs given by nx and subset of training set A is given by dynamic training set Ax.

The separation margin can be maximized by constructing a cost and it minimizes the error of attack detection that
maximizes detection capability. The dual problem of the samples x; is expressed in the following equation.
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maxw(a) = X;%, a; —% o1 YY) exp {—
(Eq.3.6)
Y 0y =0 (Eq.3.7)
Support vectors are obtained by solving the above mentioned dual L agrangian as expressed in the following
equation,
2
£ = sgn |57, aviexp{- 2L 4 )
v (Eq.3.8)
Equation (3.6), the Lagrangian multipliers of ‘i’ and ‘j’ are represented byaianda; respectively. The biases vector is
represented as b.

Algorithm 3.1 Proposed ADDSVM algorithm

Step 1: Start the Process
Step 2: Load the dataset
Step 3: Dynamic SVM is given with input samples ‘x’. The values of threshold o and f(ri) are defined.
Step 4: Distance ri between training sample and the target sample is calculated.
Step 5: Scale ro of the dynamic training set is calculated.
Step 6: ©iof dynamic training set Axis computed by taking ro as the criterion of dynamic training set Ax.
Step 7: Training sample xi is added to a dynamic training set Ax.
Step 8: If distance riis less than ro,
Step 9: Elseitis kept untouched.
Step 10: The threshold value o is used to control the calculated capacity dynamically.
/I Users can control the training duration in dynamic SVM dynamically.
/IDynamic training set Ax and its ai are substituted to a dual problem given in equation (5.13)
Step 11: Dynamic SVM is trained to target sample x.
Step 12: Decision function is used to classify the target sample ‘x” and attack detection result is computed.
Step 13: Steps 1 to 9 are repeated for other target features.
Step 14: Stop the process.

From the Equation (3.8) the overall results of the attack detection probability is computed. The above steps are used
for attack detection that can assist in separating the abnormal user (i.e labeled as an attacker) from the normal user.
Itincreases the detection rate of the intruder relative to other approaches.

RESULTS AND DISCUSSION

Data Collection

NSL-KDD Dataset

The dataset has many features and attack patterns. For detecting attacks, the raw dataset has to be efficiently
analyzed and utilized. Analyzing the entire KDD data set is a composite task in an offline implementation process.
The NSL-KDD dataset contains 13449 normal instances and 11743 attack instances. The attacks in dataset falls in one
of the four categories like Denial-of-Service Attack (DoS), User to Root Attack (U2R), Remote to Local Attack (R2L),
Probing Attack [10].

CSID Dataset

The CSID dataset is created by mapping and merging the Solaris and Window audit logs to their tcpdump data
using common Source IP and time of access features. The process generates two CSID datasets- Solaris based and
Window based. After mapping and merging a huge number of records are generated which cannot be processed
with limited computing resources. Therefore, we have taken the samples from both the datasets. Reservoir sampling
method is used to collect the 50,000 samples from both the CSID datasets. CSID contains the features from both the

65641



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©I[JONS

Vol.14 / Issue 81 / Dec/ 2023 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Umarani and John Sanjeev Kumar

records in the audit logs and tcpdump data. The Solaris CSIDdataset contains 20 features and Windows CSID dataset
contains 18 features [10].

Performance Analysis

False Attack Detection Rate

Each user has their unique behaviour. Some time they will show different behavior. For example, a user who forgot
the password will try several times, but this is not an attack. Most of the attack prevention systemwill detect this as
attack and block the real users. Such kind of wrongly identifying a genuine user/request as an attack is called false

attack detection.
FP

FP+TP
This rate of false detection plays a major role in determining the performance of any defence mechanism. The rate or

the percentage of false attack detection should be as low as possible. False attack detection rate is also known as
reliability or false positive rate.

False Attack Detection Rate =

Attack Detection Time

Attack detection time should be very lower then only we can recover the allocated resources and save the network
from the attacks. But the practical difficulty is that, it needs some time to analyze the user behaviour and take some
extra time to detect it an attack. This total time taken by any method during the period of an attack is the attack
detection time. During the initial stages of the implementation, the proposed method may take longer than the
expected time to detect an attack. Later though training and the analysis of the user behaviour from the multiple
agents, the proposed methods can make the time taken to detect the attacks into a lesser one.

Attack Recovery Time

Once the network is attacked, after the detection of the attack, the network should be immediately recovered from
the attack in the least time to provide the services again. So, the attack recovery time will be another important factor
in the attack recovery process. Table 1 and figure 1 describes the performance of classification results for NSL-KDD
dataset. It is observed that the proposed ADDSVM algorithm achieves 89.6% accuracy than KNN, Naive bayes, and
SVM. Table 2 illustrates the attack detection results for NSL-KDD dataset. Figure2 depicts false detection rate. It is
observed that the proposed ADDSVM algorithm obtains 10.4% of low rate of false detection. Figure 3 illustrates the
attack detection and recovery time for NSL-KDD dataset. Based on the results the proposed ADDSVM algorithm
takes minimum time for attack detection and recovery. Table 3 and figure 4 describes the performance of
classification results for CSID dataset. It is observed that the proposed ADDSVM algorithm achieves 87.5% accuracy
than KNN, Naive bayes, and SVM. Table 4 illustrates the attack detection results for CSID dataset. Figure 5 depicts
false detection rate. It is observed that the proposed ADDSVM algorithm obtains 12.5% of low rate of false detection.
Figure 6 illustrates the attack detection and recovery time for CSID dataset. Based on the results the proposed
ADDSVM algorithm takes minimum time for attack detection and recovery. From the analysis, the proposed
ADDSVM algorithm achieves better accuracy than existing algorithms such as KNN, Naive Bayes and SVM.
Additionally, the false detection rate is low and takes minimum detection time and recovery time for both NSL-KDD
and CSID dataset.

CONCLUSION

This paper examined cloud attacks and potential risk reduction strategies. Employee security knowledge should be
improved through security awareness training. The results acquired demonstrate that supervised ML can be used to
identify the attack. The NSL KDD and CSID datasets are critically assessed using ML approaches in order to
correctly identify that assault. By utilizing features like selection and classification, this dataset is used to compare
the presented framework. Overall, the proposed ADDSVM algorithm outperformed the other three learning
algorithms in terms of accuracy. Many attacks will be recognized in the future utilizing machine learning techniques.
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Table 1. Classification Performance Results for NSL-KDD Dataset

Classification Models | Precision | Recall | F-Measure | Accuracy
KNN 782 79.5 78.8 79.1
Naive bayes 80.4 81.1 80.5 81.2
SVM 82.6 832 82.5 83.3
Proposed ADDSVM 88.4 89.3 88.7 89.6

65643



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences

Vol.14 / Issue 81 / Dec / 2023

e

International Bimonthly (Print) — Open Access

Umarani and John Sanjeev Kumar

Table 2. Attack Detection Performance Analysis for NSL-KDD Dataset
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Classification Models | False Detection Rate (%) | Attack Detection Time (ms) | Attack Recovery Time (ms)
KNN 20.9 3520 3310
Naive bayes 18.8 3100 2860
SVM 16.7 2400 2230
Proposed ADDSVM 10.4 750 520
Table 3. Classification Performance Results for CSID Dataset
Classification Models Precision Recall F-Measure Accuracy
KNN 754 76.4 76.1 76.3
Naive bayes 78.1 79.3 78.5 79.2
SVM 80.5 81.5 80.4 80
Proposed ADDSVM 86.4 87.2 86.6 87.5

Table 4. Attack Detection Performance Analysis for CSID Dataset

Classification Models | False Detection Rate (%) | Attack Detection Time (ms) | Attack Recovery Time (ms)
KNN 23.7 4320 4110
Naive bayes 20.8 4030 3550
SVM 20 3210 2270
Proposed ADDSVM 12.5 1050 920

Classification Results for NSL-KDD Dataset False Detection Rate for NSL-KDD Dataset
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ABSTRACT

Herbal medications and therapies are heavily used in both traditional and alternative medicine in the
developed world, particularly in the treatment of skin and skin-related illnesses. Traditional herbal
ointments are among the most regularly utilised medicines. The primary goal of this study was to create
and test a polyherbal ointment with antibacterial qualities. In order to ascertain the polyherbal ointment's
antibacterial efficacy, ointments containing hydro alcoholic extracts of Azadirachta indica, Vitex negundo,
Cynodon dactylon, Curcuma longa, and Neolamarckia cadamba were developed. These formulations were
then tested for physicochemical characteristics and antibacterial efficacy. The physicochemical properties
of the compositions, including color, smell, phase separation, stability, pH, and spread ability, were
investigated in this work.. The tests’ results indicated that the formulations had some positive
characteristics.. The existence of antibacterial activity in the ointment compositions suggested that they
may be used to treat wounds. A comparison analysis, according to the study, revealed that the F1
formulation beat the F2 formulation in terms of antibacterial properties. The polyherbal ointment,
according to the study, provides an effective alternative for the treatment of skin conditions by utilizing
the medicinal properties of Azadirachta indica, Vitex negundo, Cynodon dactylon, Curcuma longa, and
Neolamarckia cadamba. The thorough assessment of its physicochemical features and antibacterial activity
confirms its promise as a dependable treatment choice. This paper emphasizes the value of traditional
herbal medicine in the treatment of skin problems and the importance of producing evidence-based
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herbal formulations. The creation and assessment of a polyherbal ointment with antibacterial capabilities
provides valuable knowledge for ongoing research and development in the field of herbal medicines.

Keywords: Polyherbal, Plant extracts, Phytochemical screening, Formulation, Ointment, Physicochemical
evaluation, Antimicrobial study.

INTRODUCTION

Ayurveda medicine is a traditional medical system that originated in India over 5000 years ago. It is based on the
belief that health and wellness depend on a delicate balance between the mind, body, and spirit. Ayurveda medicine
has been used in India's hospitals for many years and is considered a tried-and-true medical method. This practice
includes a wide range of treatments, including herbal medicine, massage, yoga, and dietary changes etc [1]. There is
a noticeable upsurge in the popularity of herbal remedies, and more people are being attracted to clinics that provide
alternative medicine. [2]. A variety of illnesses have been treated using several traditional medicines and treatments
that are derived from plant sources. It's crucial to keep in mind though that even naturally occurring compounds can
have negative side effects and may interact with other prescription pharmaceuticals or manufactured drugs. There
may be dangers associated with interactions between herbal and synthetic drugs. Some herbal products have
ingredients that interact with synthetic medications, influencing how well they are absorbed, metabolized, or
eliminated from the body. These interactions may result in changes to the blood levels of the medicine, a decrease in
its efficacy, or a higher risk of suffering side effects. Herbal medicine, often known as phytotherapy or plant-based
medicines, have gained popularity in recent years. Natural treatments are appealing to a lot of individuals since they
think they are safer and more dependable than pharmaceutical medications, which might have unfavorable side
effects [3].

Currently available medications for treating microbial infections have certain limitations, such as the development of
antibiotic resistance, adverse side effects, and high cost. Due to these limitations, there is a growing interest in
researching natural antimicrobials as a possible replacement for synthetic drugs. Natural antimicrobials are
compounds that are produced by plants, animal tissues, or microbes and have the ability to inhibit the growth or kill
microorganisms such as bacteria, viruses, and fungi. More study has to be done on medicinal plants that have been
traditionally utilized and have a presence in folklore to explore the possibilities of herbal medicine [4]. Herbal
medicines can be helpful to society as options for treating a number of problems in people, animals, and birds since
they are believed to have less side effects than synthetic treatments.

A polyherbal formulation is one that contains two or more plants in one preparation. Studying polyherbal
formulation can help researchers identify novel therapeutically effective combinations and support long-standing
applications of herbal medicines. Further research on the idea of polyherbal formulations is beneficial given the
current situation [2]. The goal of the current effort is to create a polyherbal ointment with enhanced antibacterial
activity that may be used to treat skin infections. In the study, plant extracts are used to create a polyherbal ointment
that may be used to treat skin diseases. The research suggests that using plant extracts in the ointment might boost
antibacterial action, even if it does not directly address the use of conventional drugs for skin-related illnesses. The
effectiveness of conventional treatments for skin conditions, still may differ and should be assessed on the basis of
individual circumstances. According to the literature, using traditional remedies to treat ailments connected to the
skin was very beneficial. Therefore, in order to manage and treat a number of antimicrobial diseases, it is important
to discover and create plant entities deriving from natural sources into suitable dosage forms [5].This study tested
the polyherbal ointment's antiseptic and antibacterial activities to prove its scientific validity. The ointment was
made using two types of plant extracts - methanolic and ethanolic extracts of five distinct plants, and it has been
examined on both gram-positive and gram-negative bacterial strains.
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MATERIALS AND METHODS

Plant Materials
Fresh plants leaves (Azadirachta indica, Vitex negundo, Cynodon dactylon, Neolamarckia cadamba) and roots of Curcuma
longa.

Instrument and apparatus used
Incubator, Digital balance, Bunsen burner, pH meter, Sonicator, hot air oven Centrifuge, Auto clave, Laminar air
Flow, BOD incubator, Laminar Air Flow etc.

Chemicals

All the chemicals used the present dissertation were of analytical grade or laboratory-grade supplied by standard
manufacturers. Mayer’s reagent, Wagner’s reagent, Drageoir’s reagent, Hager’s reagent, Hcl, ferric chloride, NaOH,
chloroform, Ethanol, acetic anhydride, metallic tin, lead acetate, Mallon’s reagent, NaNOz, HNOs.Conc. H2504, a-
naphthol (5%) in ethanol [freshly prepare], 0.2% enthrone solution in Conc. H2SO4.

Fehling’s solution A
Dissolve 35 g of CuSO4 5H20 in water to make the volume to 500 ml.

Fehling’s solution B
Dissolve in 110 g of NaOH and 172 g of Na-K tartrate (Rochelle salts) in distilled water and make to the volume of
450 ml.

Benedict’s reagents

Reagents No. 1: Dissolve 172 g of sodium citrate and 100 g of anhydrous Na2COs in 600 ml of hot water. Dilute to 800
ml with dist. water.

Reagents No. 2: Mix 100 ml of hot water with 17.3 g of CuSO4 5H20 to dissolve. Cool, then add 100 ml of diluted
water.

Reagents No. 3: Then add Reagents No. 1 to Reagents No. 2 slowly with constant stirring and makeup to 100ml with
dist. water.

Bacterial strains used
Staphylococcus aureus MTCC 87 and Pseudomonas aeruginous MTCC 424, two pathogenic bacterial strains, were
utilised in the antibacterial study.

METHODS

Collection of Herbs
The fresh plant leaves (Azadirachta indica, Vitex negundo, Cynodon dactylon, Neolamarckia cadamba) and roots of Curcuma
longa were collected during January- February 2023 from a rural area of the Chakdaha district of West Bengal, India.

Extraction

The shade-dried powdered plant materials were extracted using ethanol and methanol as solvents. The period of
extraction was fixed at 24 h. About 100 g of Plant components were ingested in a beaker and 50ml of solvents
(methanol and ethanol) were added. They were kept overnight and sonicated for 30 minutes in ultrasonic water.
Care has been taken to prevent solvent loss during sonicating. It was then filtered the next day [6]. After finishing
extraction, the extractive value was determined in respect to the dried plant material. The above extracts were
studied for their colour, consistency and extractive values and they are reported in (Table 1).
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Preliminary phytochemical Studies

A plant could be thought of as a biosynthetic laboratory for a diversity of chemical compounds, including glycosides,
alkaloids, volatile oils, saponins, and many others that have physiological effects. Preliminary phytochemical
screening was performed on the plant extracts utilized in the formulation of polyherbal ointment to identify different
plant components such as alkaloids, flavonoids, tannins, and saponins. By screening the plant extracts, it is possible
to ascertain whether or not they have therapeutic potential and may be used to create medications [7,8] (Table 2).

o Test for alkaloids
The emergence of a green-coloured or white precipitate after adding strong hydrochloric acid to 2 ml of plant
extract and then adding Mayer's reagent in small quantities shows the presence of alkaloids.

e Test for glycosides
The development of a pink colour after mixing 2ml of plant extract with 3ml of 10% ammonia solution signifies
the presence of glycosides.

e Test for carbohydrates
The appearance of a purple or crimson colour after adding Molisch's reagent and a few drops of strong sulfuric
acid to 2ml of plant extracts denotes the presence of carbohydrates.

e Test for tannins
The production of a dark blue or almost green colour when mixing 1ml of plant extract with 2ml of 4% ferric
chloride signifies the presence of tannins.

e Test for saponins
2ml of 5% ferric chloride and 1ml of plant extract was mixed. When dark blue or greenish-black formation takes
place, tannins are present.

e Test for terpenoids
1ml of plant extract and 2ml of 4% ferric chloride were combined. Tannins are present when a greenish-black or
dark-blue formation occurs. Triterpenoids are present when a blue-green colour forms.

¢ Test for Flavonoids
Sodium hydroxide test
If flavonoids are present, a yellow colour is seen in the sodium hydroxide-treated filtrate after the extract has
been dissolved in water.

Sulphuric acid test
If you add a drop of concentrated sulfuric acid to the aforementioned, the yellow colour will vanish.

o Test for steroids
To 1ml of plant extract add an equal volume of chloroform and a few drops of strong sulfuric acid are added, a
brown ring forms, signalling the presence of steroids.

¢ Gum and mucilage

Precipitation with 95% alcohol
As they are insoluble in alcohol, gums and mucilages precipitate when 95% alcohol is added.
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Molisch's test

10% alcoholic solution containing alpha-naphthol should be added to the substance's aqueous or alcoholic solution in
a test tube. Shake thoroughly before adding a few drops of a concentrated sulfuric acid solution to the test tube's
side. The existence of carbohydrates is shown by a violet circle at the intersection of two liquids.

Proteins and amino acids

Biuret test

After adding 2ml of a 10% sodium hydroxide solution and stirring, add 2-3 drops of a 1% copper sulfate solution to
the 2ml of extract. Proteins are proven to be present by observable violet or purple colouration.

Ninhydrin test
Add 0.5ml of ninhydrin solution to 2ml of extract. Boil for two minutes, then let cool. If a blue hue shows up,
proteins are present.

Preparation of Polyherbal Ointment

The working formula for ointment base (100gm):
> Polyethylene glycol 400 -50ml

> Polyethylene glycol 4000 -50g

Preparation of Polyherbal ointment formulation

The required quantities of Polyethylene glycol 400 and Polyethylene glycol 4000 were measured and melted. Then,
the ethanolic and methanolic extracts from five plants were added to the melted mixture and stirred well until a
homogeneous mass was obtained [9]. The inventory of polyherbal ointment ingredients, including Formulation 1
and Formulation 2, were listed in Table 3.

Physicochemical evaluation test of Polyherbal formulations
The polyherbal ointment was evaluated for various phytochemical parameters such as colour, odour, taste, pH, etc.
listed in Table 4.

Colour and Odour Examination
Visual analysis was used to assess colour and odour.

Phase separation
The formulated preparation was kept in a closed container at room temperature and protected from light. The phase
After then, the phase separation was constantly observed for 30 days to assess any changes [10].

Determination of pH
A digital pH meter was used to determine the pH of the ointment. The process involved weighing 0.5 g of ointment
dissolving it in 50.0 ml of distilled water and then measuring its pH [11].

Stability studies
Studies on stability were conducted for the prepared formulations at different temperature conditions (4 -25° C and
37° C) for 2 months [10].

Spread ability

In this method 0.1 g of sample was placed between two glass slides with a weight of 500g for 5 minutes to measure
diameter and determine their spreadability. This parallel-plate approach is a reliable and efficient method for
determining the spread ability of various formulations. This approach has demonstrated high repeatability. The
parallel-plate method involves placing 0.1 g of sample between two glass slides with a weight of 500g for 5 minutes
to measure diameter and determine spreadability [12].
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S=d2x 7t /4 where,
S-Spreading area (cm?) depending on mass,
d- Spreading diameter (cm)

All the observations of spreading area (cm2 ) were performed in a triplicate manner and calculate the + - SEM
value using the formula of Excel action (Table 5 and Table 6).

Evaluation of Antimicrobial Activity of Polyherbal Formulation

Determination of the minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) of an antimicrobial ointment was measured using the broth dilution

method, with the lowest concentration showing no visible bacterial growth after incubation [13].

= The experiment involved preparing different concentrations of ointment (ranging from 1-9 mg mL-1) using tubes
containing 9 ml of double-strength broth.

= The test antimicrobial ointment was added to all tubes except for the negative control (which had no ointment
added) and the positive control (which was used to check the suitability of the test microorganism and the
viability of the inoculums).

= The final volume in all tubes was adjusted using sterile water.

= The tubes were then inoculated with a suspension of standardized inocula (0.5 McFarland standard).

* The tubes were incubated at 37°C for 24 hours.

The purpose of the positive control tube was to ensure that the test microorganism was suitable for the experiment

and that the inoculums were viable. The use of sterile water ensured that the experiment was not contaminated by

any external factors. The standardized inocula ensured that the same amount of microorganisms was present in each

tube, allowing for accurate comparisons between the different concentrations of ointment. The incubation at 37°C for

24 hours allowed for the microorganisms to grow and for the effectiveness of the antimicrobial ointment to be tested

(Table 7).

Determination of the zone of inhibition

The Zone of inhibition was determined by using the Disc Diffusion method [14]. The standard inoculum was
introduced onto the surface of the sterile agar plates and a sterile glass spreader was used for even distribution over
the media. Blank sterile paper discs (6 mm) were placed on the inoculated Mueller-Hinton agar surface and
impregnated with 10 ml of both formulation F1 and F2 polyherbal ointment. A concentration of 500 mg/10 ml
vancomycin (Cipla Ltd., India), was used as a standard. The procedure was repeated for all the selected bacterial
species used. The plates were incubated at 37°C for 24 h. All tests were performed in triplicate and the antibacterial
activity was expressed as the mean diameter of inhibition zones (mm) produced by the ointment. The results
obtained in the evaluation of the antimicrobial activity of both Formulation 1 and Formulation 2 ointment were
depicted in Table 8.

Statistical Analysis
Statistical analysis was performed by one-way ANOVA method followed by Tukey's Post-hoc analysis.

RESULT

In the present study, the antimicrobial activity were successfully performed for Formulation 1 and Formulation 2
polyherbal ointment preparation. Formulations 1 and 2 exhibited potent antibacterial activity against S. aureus and P.
aeruginosa respectively.

Formulation 1 produced more antibacterial activity against all the tested organisms. The results of antimicrobial
susceptibility reveal formulation 1 has more promising antibacterial activity than formulation 2 against gram-
negative bacteria (P. aeruginosa) as compared to gram-positive bacteria (S. aureus)
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DISCUSSION

A polyherbal ointment made from five medicinal plants showed antibacterial efficacy due to the presence of
bioactive chemicals, explaining their traditional use in Ayurvedic medicine. The developed polyherbal ointment
demonstrated good physicochemical features and stability throughout a two-month period, ensuring its shelf-life
and efficacy during storage and use. The prepared polyherbal ointment showed high antibacterial action against
Staphylococcus aureus and Pseudomonas aeruginosa, making it a promising topical antibacterial agent for treating
skin problems.

CONCLUSION

The polyherbal ointment prepared using Azadirachta indica, Vitex negundo, Cynodon dactylon, Neolamarckia cadamba,
and Curcuma longa has antibacterial activity. It has good physicochemical qualities, is stable, and has a lot of
antibacterial action against Staphylococcus aureus and Pseudomonas aeruginosa. The combination of several plant
extracts and their bioactive ingredients is expected to contribute to its efficacy by utilising synergistic effects. The
results of the disc diffusion assay indicate its potential as a topical antibacterial therapy. Exploration of traditional
medicinal plants and development of polyherbal formulations are promising paths for the discovery of new
therapeutic molecules. However, more research is needed to assess its in vivo efficacy, safety profile, mode of action,
and antimicrobial susceptibility in general. Overall, the prepared ointment represents a promising natural
therapeutic alternative that could aid in the fight against microbial illnesses and the improvement of overall health.
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Table 1: Data showing the consistency, colour, and yield values of extracts.

SL. PLANT NAME COLOUR EXTRACT | CONSISTENCY | Extractive value (%)
NO
1 Azadirachta indica Dark green Ethanolic Sticky 3
2 Curcuma longa Bright yellow | Ethanolic Sticky 24
3 Vitex negundo Black Ethanolic Sticky 32
4 Cynodon dactylon Green Ethanolic Sticky 2
5 Neolamarckia cadamba | Glossy green | Methanolic Sticky 24
Table 2: Result of Preliminary Phytochemical Examination of Plant extracts.
SL Tests Ethanolic | Ethanolic | Ethanolic | Ethanolic | Methanolic
No (Neem) (Turmeric) | (Nishinda) | (Durba) | (Kadamba)
1 Alkaloids + + + + +
2 Glycosides + - - + +
3 Carbohydrates - - + - -
4 Gum and mucilage - + - + +
5 Proteins and amino acids + + + - -
6 Tannins + + + + +
7 Steroids and sterols + - - - -
8 Terpenoids + - + - +
9 Saponins - + + + +
10 Flavonoids + + + + +

‘+’= Present and ‘-'= Absent
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Table 3: Composition of polyherbal ointment for 10 gm preparation.

Ingredients Formulationl Formulation 2
Plant Extracts | ®  Azadirachta indica: 0.5gm e Azadirachta indica: 0.5gm
o Vitex negundo: 0.5gm e Curcuma longa: 0.5gm
e Cynodon dactylon: 0.5gm
e Neolamarckia cadamba:0.5gm
e Curcuma longa:0.5gm
Ointment base | q.s up to 10gm q.sup to 10gm

Table 4: Physicochemical evaluation of prepared formulation

Physicochemical parameters Formulation 1 Formulation 2
Colour Yellow Yellow
Odour Characteristic Characteristic
pH 54 5
Phase separation without phase separation without phase separation
Storage Stable Stable

www.tnsroindia.org.in ©I[JONS

ISSN: 0976 — 0997

Table 5: Statistical value of spread ability of the polyherbal ointment formulation 1 & 2 at three observations

. Spreading area of polyherbal ointment (cm?)
No of observation
Formulation 1 Formulation 2

1 0.636 0.709

2 0.95 0.785

3 07 0.785
Mean 0.762 0.759666667
SEM 0.095798399 0.025333333

Table 6: Spread ability physicochemical test of polyherbal formulations 1 and 2.

Constant weight 500 gm

Spreading area of polyherbal ointment formulation (cm?).

Formulation 1

Formulation 2

Constant time 5 minutes

0.762 + 0.095

0.759 +0.025

Note: Results are expressed as the mean + SEM of triplicate measurements

Table 7: MIC value of Polyherbal ointment formulation

. . MIC value of Polyherbal ointment formulation (ug/ml)
Bacterial strain " . .
Formulation 1 Formulation 2 Vancomycin
S. aureus 5 25000 5000
P. aeruginosa 500 500 5
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Table 8: Antimicrobial study of formulated ointment (zone of inhibition)

Diameter of Zone of inhibition (mm)

Bacterial strain

Formulation 1 | Formulation 2 | Vancomycin

S. aureus 14.23 £0.28 11.13+0.18 10.63+0.31

P. aeruginosa 11.06 +0.58 10.13 +0.40 10.9+0.37

Note: Results are expressed as the mean + SEM of triplicate measurements

Figure 1: Diagram of Preliminary phytochemical test of
selected plant extracts

Figure 2: Picturised flow chart of polyherbal
ointment preparation

I Formulation] (gm+) IVFormulation] (gm-)

V. Formulation2 (gm+) VI Formulation2(gm-)

Figure 3: Diagram of physicochemical parameters of
polyherbal formulation (ph test, Spread ability)

Figure 4: Diagram of determination of MIC
value of Polyherbal ointment

Antimicrobial Study of Prepared Polyherbal Ointment

Inm

staphylococcus aureus Pseudomonas acruginosa

SRS

Zone of Inkivition (mm)

o m s oo x

Figure 5 :Diagram of Antimicrobial activity polyherbal
ointment.

Figure 6 :Bar diagram of Antimicrobial study of
prepared polyherbal ointments
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ABSTRACT

Pulp and paper mills produce a significant volume of wastewater, which varies depending on the specific processes
employed within the facility. Improper disposal of this wastewater can pose substantial risks to both the
environment and human health. A range of techniques are employed to mitigate the presence of pollutants,
including ion exchange, reverse osmosis, electrodialysis, and ultrafiltration. However, the aforementioned factors are
largely contingent upon significant financial resources, and their implementation is limited due to cost
considerations. The adsorption process has gained significant popularity as a preferred method for eliminating of
hazardous chemicals from wastewater due to its simplicity, cost-effectiveness, efficacy, and versatility. The
implementation of this method enhances the efficacy of wastewater removal within the prescribed discharge limits,
while ensuring minimal environmental impact. The pursuit of more cost-effective alternatives has been prompted by
the exorbitant expenses associated with coal-derived activated carbons. A range of sustainable adsorbents, such as
Lignite, have the potential to be employed for the purpose of mitigating pollutants in wastewater.The aim of this
study is to investigate the adsorption process as a means of reducing COD (Chemical Oxygen Demand) in effluent
within the pulp and paper industry. This research focuses on the utilisation of sustainable adsorbents, such as lignite,
for this purpose. An experimental adsorption study was conducted using a neutral sample obtained from the paper
making industry in Gujarat. The study investigated the values of chemical oxygen demand (COD) and percentage
COD reduction using two distinct adsorbents, namely activated carbon and lignite, under various conditions.
Specifically, the research examined the impact of different quantities of these adsorbents.

Keywords - Waste water, COD, Activated carbon, Lignite.
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INTRODUCTION

The expansion of the paper and pulp sector has been accompanied by a significant volume of wastewater resulting
from the extensive utilisation of freshwater resources during the entirety of its manufacturing process. The
production of paper can be categorised into two distinct processes: the conversion of wood into pulp and the
subsequent transformation of pulp into paper. The wastewater can be categorised into two distinct types: wastewater
generated from pulp manufacturing facilities and wastewater originating from paper production facilities. A
significant number of paper and pulp mills in India release their effluents, which consist of chlorine bleach and black
liquor, directly into nearby water bodies, resulting in significant environmental issues. Pulp wastewater is derived
from various stages of wood preparation, pulping, pulp bleaching, and paper making. On the other hand, paper
wastewater is generated during the utilisation of screens, washers, paper-making machines, and beaters, as well as
during the operation of adjusting and mixing tanks. The production of pulp and paper results in the emission of a
considerable quantity of pollutants, which are primarily identified by their elevated levels of total suspended solids
(TSS), chemical oxygen demand (COD), biological oxygen demand (BOD), and a dark coloration caused by lignin
and various other harmful substances. The lignin wastewater generated by the pulp and paper industry is classified
as hazardous and toxic waste. It is necessary to subject this wastewater to treatment before disposal, primarily
because of its elevated levels of recalcitrant organic compounds. These compounds contribute to a significant
concentration of chemical oxygen demand (COD). The wastewater produced during the pulp bleaching process
contains high concentrations of toxic substances due to the use of chlorine for the purpose of enhancing the
brightness of the pulp.

As a result, wastewater from various industries contains high levels of chemical oxygen demand (COD) and other
contaminants, making it inappropriate for direct discharge into water bodies without proper treatment. To address
the increasing need for potable water and high-quality water for industrial purposes, it has become imperative to
implement wastewater treatment processes for reuse while minimising the presence of pollutants prior to their
discharge into natural water sources. Several conventional treatment technologies have been examined for the
treatment of wastewater, including the coagulation process, membrane filtration, and oxidation process. The
aforementioned methods are typically associated with high costs. Among the various methods considered, it has
been determined that the adsorption process is the most effective and preferable alternative for waste water
treatment. This conclusion is based on its convenient and user-friendly nature, high efficiency, sustainable
characteristics, and simplicity of design [16]. Adsorption processes are commonly employed in effluent treatment
plants to decrease the concentration of dissolved pollutants that persist after the completion of biological phases or
chemical oxidation treatments. In contemporary times, a significant number of industries have widely embraced the
use of adsorbents, particularly activated carbon. The application of this method is frequently observed in the
mitigation of diverse contaminants present in wastewater, including metals, colourants, and other substances.
Nevertheless, the extensive utilisation of this substance in the context of wastewater treatment is occasionally limited
as a result of its elevated expense. The exorbitant expense associated with coal-derived activated carbons has
prompted extensive exploration for more cost-effective substitutes. Several inexpensive adsorbents, including lignite,
have the potential to be utilised for the purpose of reducing pollutants in wastewater.

Scope of Experimental Work:

Objective

Activated carbon is commonly employed as an adsorbent for the treatment of effluent in the pulp and paper
industry; however, its high cost poses a significant challenge. Small-scale industries often opt for the adsorption
technique based on its cost-effectiveness, taking into account their limited resource constraints. The potential use of
cost-effective adsorbents, such as Lignite, warrants further investigation to evaluate their efficacy in the treatment of
wastewater effluent.
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Approach

The flow-sheets commonly used in industrial wastewater treatment, as depicted in Figure 1, typically involve several
stages. These stages include primary treatment, which involves pH adjustment and clarification, followed by
secondary treatment, which may involve biological or chemical treatment along with clarification. Additionally,
depending on the initial quality of the wastewater and the regulatory requirements for discharge, tertiary treatment
involving activated carbon may be employed. During the primary treatment process, the neutralisation of
wastewater leads to an increase in the concentration of salts. High concentrations of salts have the ability to impede
biological activity and potentially result in an elevation of non-settleable suspended solids within the treated
wastewater.

The flow sheet depicted in Figure 2 above presents a proposed approach that incorporates the use of cost-effective
adsorbents for adsorption prior to the conventional primary treatment. This strategy aims to enhance the
effectiveness of subsequent biological treatment processes.

Experimental procedures

Sampling collection

The samples were obtained from the inlet stream of the ETP (Effluent Treatment Plant) as neutral samples. They
were collected in bottles and subsequently sealed. The samples were stored under ambient conditions.

Procedure

In the experiment, a flask was utilised to combine 50 ml of sample with 1% (0.5 gm) of Activated carbon (A/C). The
mixture was stirred for a duration of 1 hour using a magnetic stirrer. The aforementioned methodology was
replicated for solutions containing 2% A/C, 3% A/C, and 4% A/C, while maintaining a consistent sample volume of
50 ml. The same procedure was employed, but with the substitution of lignite adsorbent in lieu of activated carbon.
The experiments were conducted at an ambient temperature of approximately 30 °C.

RESULTS AND DISCUSSION

Effect of Quantity of adsorbent

The reduction in chemical oxygen demand (COD) for a neutral sample using lignite ranges from 7.59% to 11.48%
when the lignite concentration is increased from 1% to 2%. Similarly, the use of activated carbon results in a COD
reduction ranging from 15.37% to 19.26% when the activated carbon concentration is increased from 1% to 2%.
The reduction in chemical oxygen demand (COD) for a neutral sample using lignite ranges from 15.74% to 22.22%
when the lignite concentration is increased from 3% to 4%. Similarly, the use of activated carbon results in a COD
reduction ranging from 23.33% to 26.85% when the activated carbon concentration is increased from 3% to 4%.
The aforementioned observations were conducted on two distinct adsorbents, namely Lignite and Activated carbon.
The results of the comparison between the COD values and the percentage of COD reduction for both Lignite and
Activated carbon were obtained. It has been observed that the reduction in chemical oxygen demand (COD) is
greater when using activated carbon, albeit in smaller quantities. Due to the financial implications associated with
the procurement of activated carbon, its utilisation may not be deemed feasible for small-scale industrial operations.
Given this factor, it is possible to substitute it with Lignite.

CONCLUSION

e The pulp and paper industry encompasses a wide range of processes and products. Water pollution is a
significant issue due to the substantial amount of wastewater produced by the pulp and paper industry. The
volume of wastewater generated depends on factors such as the type of raw material, the final product, and the
extent of water reuse.
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The industrial effluents contain pollutants with high chemical oxygen demand (COD), primarily due to the
presence of lignin, a component of wood. Lignin wastewater generated by the pulp and paper industry is a
hazardous and toxic waste that requires treatment before disposal. This is necessary due to its high
concentration of recalcitrant organics, which contribute to elevated levels of chemical oxygen demand (COD).
The comparison of COD values and %COD reduction values between Lignite and Activated carbon indicates
that Activated carbon exhibits higher %COD reduction values. Due to its high cost, activated carbon is not
suitable for implementation in small-scale industries. This factor can be substituted with Lignite.
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Table.1 Comparison of COD reduction from Pulp Waste Water by Using Lignite & Activated Carbon
Lignite Activated carbon
% Adsorbents COD (mg/lit) % COD Reduction COD (mg/lit) % COD Reduction
Raw sample 540 - 540 -
1% 499 7.59 457 15.37
2% 478 1148 436 19.26
3% 455 15.74 414 23.33
4% 420 2222 395 26.85
Table.2. Comparing between Lignite and Activated carbon
Lignite Activated carbon
Form Amorphous Amorphous
Surface area (m2/g) 300-400 400-1200
Cost (Rs/kg) 30-40 450-600
% COD Reduction | 7 t022 % (For 1% Lignie to 4 % Lignite) | 15 to26% (For 1% A/Cto4 % A/C)

Fig.1 The process of pulp and paper production and the sources of pollutants

Waste water »| pH Adjustment | Physiological/ | Adsorption . Treated waste
Biological Treatment g water
Fig.2. Conventional Flow sheet of waste water treatment [6].
Waste watel Adsorption pH Physiological/ T
. oL reated waste
—» Adjustment Biological water
Treatment

Fig.3. Modified flow sheet of Waste water treatment [15].
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sample using Activated carbon.
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Fig.6. COD reduction Vs.%Adsorbent for neutral sample using Lignite and Activated carbon
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ABSTRACT

Anemia accounts for most of the nutritional problems across the globe. Young girls, in general, have characteristics
of unhealthy eating habits, such as skip breakfast, unhealthy diets, low nutrient foods, and eating fast food;
therefore, adolescents are not able to meet the diversity of nutrients needed by the body for the synthesis of
hemoglobin formation. When this happened over long periods the hemoglobin levels will continue to decrease and
cause anemia. The study's main aim was to assess the effectiveness of beetroot juice and spinach juice on
hemoglobin levels among college students. A quasi-experimental study design was used to assess the effectiveness
of beetroot and spinach juice on Nursing students. Forty participants were randomly allotted to each experimental
group based on inclusion & exclusion criteria. Hb level was measured before and after an intervention. The mean
differences in hemoglobin levels of both experimental groups show beetroot and spinach juice are statistically
significant in improving hemoglobin levels. Furthermore, the "t" test indicates there was no significant difference in
the effect of beetroot juice and spinach juice; however, in the moderate category mean hemoglobin level of both the
experimental groups showed that spinach juice is more effective than beetroot juice. There was no association of
hemoglobin level with demographic variables. The study concludes that beetroot juice and spinach juice both are
effective to improve the hemoglobin level; however, there was no significant difference in the overall effect of
beetroot juice and spinach juice. Furthermore, for the moderate category spinach juice is more effective than beetroot
juice on hemoglobin levels.

Keywords: Beetroot juice, Spinach juice, hemoglobin level, anemia, collegiate students.
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INTRODUCTION

Anemia accounts for a majority of the nutritional problem across the globe. The prevalence of anemia is inordinately
higher among developing nations. In developing countries, the adolescent group is more exposed to nutritional
challenges and adolescent girls are more vulnerable to the disease.[15] Research on anemia prevalence done by
A.Sasidharannair et. al. in the year 2019 showed that adolescent anemia was the greatest nutritional problem
encountered in developing countries. India had reported a high prevalence of anemia among adolescent girls, which
is higher when compared with other developing nations.[2]. According to recent statistics, there were about 1.2
billion adolescents worldwide, which constitute one-fifth of the total world's population and the figures are
escalating. Developing countries account for about 5 million adolescents of the total population and in India about
21% i.e., 253 million of the total population are adolescents.[2]

The adolescent period has been considered as the transitional phase from childhood to adulthood, during which
major psychological, behavioral, and physical development ensure because of marked physical activity and rapid
growth spurt adolescents needs additional nutritional requirements.[2]Young women, in general, have
characteristics of unhealthy eating habits, such as skip breakfast, delay to drink water, unhealthy diets because they
want to be slim (ignoring the source of protein, carbohydrates, vitamins, and minerals), the habit of snacking low
nutrient foods and eating fast food. Therefore, adolescents are not able to meet the diversity of nutrients needed by
the body for the synthesis of hemoglobin formation. When this happens over long periods the Hb levels will
continue to decrease and cause anemia. On the other hand, Menarche is also one of the markers of puberty and
therefore can be considered as one of the important events in the life of adolescent girls. [16].

In adolescent girls, apart from meeting growth needs, sufficient iron intake is also essential before and during
pregnancy. Iron is one of the essential nutrients required by our body, as it cannot be made by our body on its own.
[15]The amount of iron in the body varies according to weight, gender, hemoglobin level, and the size of body iron
stores. Iron deficiency is defined as a reduction in ferritin levels that generally results from a diet in which the
bioavailability of iron is inadequate or from an increased need for iron during a period of intense growth
(pregnancy, adolescents, and infancy).[11]Spinach is one of the alternative plants to fulfill the Fe needs of
adolescents with anemia. Furthermore, one of the natural food ingredients that can overcome anemia is beetroot
[10]. Beetroot juice are lowering blood pressure, increases the amount of oxygen, improves stamina, prevents
congenital disabilities, and overcomes menstrual problems. The active substance contained in spinach and beets that
can increase Hb is Fe. [8]. The present study focused to identify the difference in the effect of beetroot and spinach
juice on hemoglobin level.

MATERIALS AND METHODS

Design and Sample:

A quasi-experimental, pretest-posttest design was conducted in Surat, Gujarat, in the month of June 2022.
Adolescent girls of 17-19 years who are suffering from anemia which is identified by a level of Hb < 12 gm /dl
included in the study. The samples were selected based on inclusion and exclusion criteria. The exclusion criteria
include girls having any hematological or gynecological problems.

Intervention and Observation

Initially, nighty six (96) students were screened out for anemia, among them fifty-two (52) samples were eligible for
the study. In order, to avoid the influence of intervention, an equal participant was randomly allocated to each
experimental group. Beetroot and spinach juice for 30 days, six days in a week was administered in experimental
group-1 and 2 respectively. The participant who had discontinued the study or skipped intervention were excluded
and at last,analysis was done on 40 participants.
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The essential research materials, green spinach, and beetroot were purchased from the market. The juices were made
in the following ways: green spinach leaves and beetroot were weighed on the kitchen weigh scale and cleaned
under running water, then drained. It was brewed for about 5 minutes with boiling water, then mashed Using a
blender, mix the ingredients until smooth. One pinch of salt and jeera powder was added to the juice for a test. Then
it was wrapped in plastic. cups, ready to be given to the respondent once every morning for a month.

Anemic adolescent girls (Hb levels 12 g/dl) who satisfied the research criteria were chosen as research subjects. By
dividing the responders into two groups by random sampling. The investigation Group I and II (n = 26 in each
group) were given 100 mL of beetroot and spinach juice respectively. The Hb level was measured as a pretest on day
Zero (0) and a post-test on the 30t day. Participants who skipped the trial for more than a day were excluded from
analysis. In the end, 20 participants were eligible for analyses in each group of experiments. The study data were
analyzed by using Descriptive and Inferential statistics, the Karl Pearson coefficient correlation test, and the Chi-
square test.

RESULTS

The study result shows the average age of the beetroot juice and spinach juice group was 17-18 years. The majority
of participants in both groups are living in urban areas.

Beetroot juice and Spinach juice intervention on Hb levels

After 30 days intervention of with beetroot juice to anemic adolescent girls, there was an increase in Hb levels from
10.15 g/dl to 10.88 g/dl with a mean difference of 0.73. The increase in Hb levels was statistically significant with
Paired t-test at p <0.05, “t” was 2.47. The spinach juice group also experienced an increase in Hb levels, from 9.87 g/
dl to 10.65 g/dl with a mean difference of 0.77. The increase in Hb levels was statistically significant with Paired t-
testat p <0.05, “t” was 2.77.

Beetroot juice and spinach juice intervention on Hb levels as per Anaemia Grade Category
The beetroot juice group shows Hb increase with a major mean difference of 4.6 in the severe category; whereas in
the spinach juice group, major variation in hemoglobin takes place in the moderate category with a difference of 1.92

No. of student’'s Hb level increased as per Anemia Grade

The study revealed that out of 20 students, a total of 11 students' Hb increased in the post-test It shows in the
beetroot group ; whereas, in the spinach group total of 12 students' Hb increased after the intervention. It shows that
the Beetroot group, the majority of the students who increased their hemoglobin were from the mild category (08)
whereas, in the Spinach group, the majority of students who had increased their hemoglobin level were from the
moderate category (07).

Difference in Effect on Hb level of Beetroot Juice Group and Spinach Juice Group
The study shows that there was no significant difference in the overall effect of beetroot juice and spinach juice on
hemoglobin level.

Association of hemoglobin level with demographic variable
The study shows no significant association of selected Socio-demographic variables, such as Age, student and parent
education, Residence, and Diet with hemoglobin levels among the beetroot and Spinach Juice group.

DISCUSSION

Beetroot juice can accelerate Hb levels in anemic adolescent girls because beetroot has a high Fe content that can
regenerate and reactivate red blood cells and bring fresh oxygen to the body. Beetroot (in 100g) contains vitamin C,
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Vitamin B, and 0.80 mg Fe, equivalent to 10% of the total daily Fe requirement. A very well-known benefit of this
beet is overcoming anemia, even known as anti-anemia. [11] The content of Vitamin C or ascorbic acid in this beet
can help absorb Fe in the body. This beet also contains relatively sufficient Fe to overcome anemia caused by Fe
deficiency.(16) The adolescent girls were given freshly prepare beetroot juice in mid-morning for 20 days. The study
shows a highly significant improvement in hemoglobin levels among adolescents with a “t” value of 17.78 at a p-
value of 0.001. (8) The present study indicates that 100 ml of beetroot juice for 30 days increase Hb levels. Initially,
the average Hb was 10.15 which was increased to 10.88 gm/dl. It shows a statistically significant effect of beetroot on
Hb among adolescent girls (P <0.005).

Spinach leaves contain high Fe to prevent anemia. The Fe present in spinach leaves can be useful for the process of
forming Hb in the blood. If one can consumes spinach leaves, a person will have blood Hb levels within normal
limits and prevent anemia. Spinach leaves are a vegetable food ingredient that contains the highest Fe, which is
3.9mg/100g compared to other types of vegetables, such as mustard greens of 2.9mg, Katuk leaves of 2.7mg, kale of
2.5 mg and cassava leaves of 2.0mg (16).The majority study experimented with red spinach and shows significant
improvement in Hb level; however, in the present study, green spinach leaves are utilized and100 ml of spinach
juice for 30 days were administered showing significant improvement on average Hb level from 9.87gm/dl to
10.66gm/dl.

This study also indicates, beetroot juice and spinach both are effective to improve the hemoglobin level, but spinach
juice shows a good effect on the improvement of average hemoglobin levels. However, a study conducted by Rudolf
Purba shows that adolescent girls who are anemic may consume beetroot juice and spinach juice as alternative food
for therapy of hemoglobin improvement.(16) One of the studies conducted by S. A. Helan et. al.(2021) concludes that
there was ssignificant association between hemoglobin level and clinical manifestations with demographic variables.
Hence, the study revealed that beetroot juice has significantly improved the hemoglobin level.(18) In the present
study, there was no significant association between the hemoglobin level and demographic variables, such as Age,
Education of students, Education of father, Residence, and Diet.

Also, one of the studies conducted by Mr. Luke Francis et al. (2017) concluded the improvement in Hemoglobin
levels by using extracting beetroot juice with jaggery. (17) In the present study, there was no addition of out
ingredients like jiggery with beetroot juice; however null hypothesis was rejected which indicates that beetroot juice
is significantly effective in improving hemoglobin level and that's not occurring by chance.

CONCLUSION

Beetroot and Spinach juice both are useful in raising Hemoglobin levels. The adolescentcan consume beetroot and
spinach juice as an alternative food for hemoglobin improvement and to prevent anemia.
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Tablel: Age characteristic of Respondent Group
Age Group(In Year) Respondent
Be(?troot group, Spinach Juice Group
spinach group
17-18 12 13
19-20 8 7
Total 20 20
Table 2: Residential characteristic of Respondent Group
Age Group (In Year) Respondent
Beetroot Juice Group | Spinach Juice Group
Urban 12 16
Rural 8 04
Total 20 20
Table 3: Difference in average Hb levels between Pre and Post Intervention
Mean Mean
Hemoglobin Level Difference SD t'value | Tabulated Level of
Group calculated value e g
Pre- Post Pre- Post significance
Intervention | Intervention Intervention | Intervention
Beetroot 10.15 10.88 0.73 1.39 0.96 247 2.09 0.05
Spinach 9.87 10.66 0.77 1.64 0.77 2.77 2.09 0.05
Table4: Difference in average Hb levels as per Anemia Grade
Mean Beetroot Mean Spinach
Hemoglobin Level Juice Hemoglobin Level Juice Group
Category
Pre- Post Group Mean Pre- Post Mean
Intervention Intervention Difference | Intervention Intervention Difference
Mild
(10- 10.84 1122 0.38 10.98 10.98 0.0
11.9g/d1)
Moderate
(7-9.9g/d1) 9.02 9.96 0.94 8.22 10.14 1.92
Severe
(<7gm/dl) 6 10.6 4.6 00 00 00
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Table: 5 Differences in effect on Hb levels in the beetroot juice group with Spinach Juice Group

Post-Mean T test Tabulated Level of
Group . SD s e
hemoglobin calculated value significance
Beetroot Juice 10.88 095
Group
p— 1.72 202 0.05
pinach Juice 10.66 0.77
Group

No. of student’s Hb level Increased as per
Anemia Grade

[=2]

M Hb level in Beetroot
Juice Group

FS

m hemoglobin level in
1 Spinach Juice Group

[ .

Mild (10-11.9 Moderate (7- Severe (<7
g/dl) 9.9g/dI) gm/dl)

Figure 1:No. of student’s Hb level increased post-intervention as per Anemia Grade

[
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ABSTRACT

The therapeutic journey of India from the ancient to the modern era never gets completed without
natural remedies based ancestral Ayurvedic system of medication. Nishamalaki churna and Gomutra
(cow urine) are the inherent components of Ayurveda recommended in the treatment of multifarious
ailments. In India, the practice of herbal therapy in conjunction with Gomutra is the traditional
therapeutic aspect but thorough scientific acknowledgement is needed to substructure the claimed
aspect. The purported scrutiny discloses the prospects of Gomutra extract of Nishamalaki churna for
antioxidative and anti-enzymatic aptitude. The antioxidative propensity against DPPH (1,1-diphenyl-2-
picrylhydrazyl) radicals was detected with an ICso digit of 94.59 ug/mL while reducing power assay
expressed the absorbance value from 0.198 to 1.221 within the experimented range of 50 to 250 pg/ml,
which was noticed as more dynamic and competent than aqueous extract. The antihyperglycemic
interrogation through anti-a-amylase and anti-a-glucosidase vetting was successionally remarked
through the ICso digits of 100.16 pg/mL and 146.02 ug/mL. The competence in the inflaimmatory state
through the anti-lipoxygenase approach was accompanied by the ICs digit of 127.89 ug/mL whereas
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anti-proteinase exposition was feeble. All-inclusive proceedings pointed out that, the bygone Indian
therapeutic assert behind the intermixture of herbs and Gomutra may provide a purposeful approach to
worldwide public health, and potentiality exerted by Gomutra extract of Nishamalki churna has a co-
relationship with the pivotal phytochemicals revealed within the extract.

Keywords: Nishamalaki, Gomutra, Antioxidative, Antihyperglycemic, Anti-inflammatory

INTRODUCTION

The ubiquitous oxidative load noticed throughout the world becomes a vital factor for the predicament of health
through the development of different disease conditions including hyperglycemia and concomitant inflammatory
circumstances. Multiple scientific investigations claim that ample concentration of oxidants along with inflammatory
circumstances may produce injury towards pancreatic functioning and stimulate the propagation of hyperglycemia.
Prolonged hyperglycemic plight may cause an increment in oxidative stress by causing alteration in mitochondrial
operation and possibly promoting the genesis of inflammatory intermediaries [1, 2]. Management of these
intertwined illnesses arises as a challenge for the medicinal world because allopathic medicines are always
interconnected with unwanted toxic effects and individual medicine is not efficient to control the multiple
complications observed in diabetic patients. [3, 4].

Ayurveda is the ancestral medicinal culture in India, built with the foundation of natural remedies and now the
modern world agreed with its long-term benefits[5]. Secondary plant metabolites have attracted the
phytopharmaceutical sector for research activities due to their healthful nature[6]. A number of scientific
investigations reported that antioxidant constituents in plant material may offer efficacy to combat excessive
oxidative stress by neutralizing and ousting the free radicals to avert cell detriment in the body. These constituents
are not only efficient to control hyperglycemia but also found to be efficacious against various complications
associated with hyperglycemia [7]. Nishamalaki churna and Gomutra (cow urine) are acclaimed components of
Ayurveda, accommodated with copious counts of bioactive substances responsible for divergent therapeutic
aptitude. Nishamalaki churna is a renowned ayurvedic formulation containing counterpart powdered material of
Fruits of Emblica officinalis, and Rhizomes of Curcuma longa. An individual component of Nishamalaki churna
belongs to antioxidative and antihyperglycemic effects [8]. Gomutra is recommended in Ayurveda for the treatment
of different ailments associated with blood, skin, digestive system and urinary tract system [9]. Consumption of
Gomutra along with herbal remedies is acknowledged for the rectification in the bioavailability of essential elements
of herbal materials, which leads to improvement in therapeutic potentiality [10]. ‘Gayatri Parivar’ is a prominent
organization in India, that recommended herbal formulations processed with Gomutra for the treatment of
hyperglycemia [11]. To find out the scientific base behind such traditional claims, the present antioxidative and
enzyme inhibitory performance was investigated with the Gomutra extract of Nishamalaki churna.

MATERIALS AND METHODS

Collection of plant materials and Gomutra (cow urine):

Fruits of Emblica officinalis and Rhizomes of Curcuma longa were procured from thelocal farmer. The cross-verification
of procured materials with respect to botanical data was confirmed by a pharmacognosist at B. K. College of
Pharmacy, Sakoli, Maharashtra, India. Gomutra (cow urine) was procured from the domestic cow, filtered, and
preserved for the intended study.

Formulation and Maceration of Nishamalaki churna
Fresh rhizomes of Curcuma longa were boiled in water followed by drying for 3 weeks and grinding. Fresh juice of
Fruits of Emblica officinalis was mixed with powder of Curcuma longa till it converted to a fine paste. The obtained
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mixture was shade dried and powdered again [12]. A 50 g of formulated Nishamalaki churna was separately
macerated by using Gomutra and distilled water for 75 hours; subjected to filtration, and converted to semisolid
mass by means of evaporation on an electric water bath.

Phytochemical checkup
The vetting of the phytochemical traits of the Gomutra extract and the aqueous extract of Nishamalaki churna was
performed with different qualitative tests [13].

In vitro Antioxidative experiment:

Anti-DPPH appraisal

The individual trial concentrations of each extract were independently blended with fresh alcoholic DPPH reagent
(1000 pL; 0.2 mM) and after 30 minutes,ramifications of the study were noted at the wavelength of 516 nm. Typical
scrutiny for comparison was performed with the equivalent concentrations of ascorbic acid [14].

Reducing Power Assay

Unequal concentrations of each sample were assorted independently with 2500 ul of each 0.2 M sodium phosphate
buffer (pH 6.6) and 1% potassium ferricyanide. After incubation at 50 °C for 20 minutes, all concentrations were
summated with 2500 ul of trichloroethanoic acid (10%) and spinned in a centrifuge machine for a quarter-hour with
a rotation frequency of 3000 rpm. The upper layer (3000 ul) from each centrifuged solution was mingled into 2000 ul
refined water and 500 ul of 0.1% iron trichloride and finally, consequences of absorbance were noted at the
wavelength of 700 nm. Reference observations were regulated with ascorbic acid [15].

In vitro Antihyperglycemic experiment

Anti-a-Amylase appraisal

All trial concentrations (250 uL) were independently mixed with a-amylase-phosphate buffer solution(500
pg/mL)and mingling of the starch solution (1%; 250 uL) was done after 10 minutes. Finally, dinitrosalicylic acid (500
uL) and distilled water were assorted into entire admixtures and upshot were noted at the wavelength of 540 nm.
The reference study was regulated with acarbose [16].

Anti-a-Glucosidase appraisal
The 50 pL of different trial concentrations were blended with 100 puL of a-glucosidase (1 unit/mL) and admitted To
incubation for a quarter-hour. The 50 uL p-nitrophenyl glucopyranoside (3.0 mM) was appended for the Furtherance
of the reaction and allowed for additional 20 minutes of incubation at ambient temperature. Ultimately 2000 uL soda
ash (0.1M) was supplemented and spectral corollaries were enumerated at 405nm. Standard outcomes were
monitored with acarbose [17].

In vitro Anti-inflammatory experiment

Anti-Proteinase appraisal

A60 g of trypsin was blended with a 2000 uL admixture containing an equivalent quantity of trial sample andtris-
hydrochloride buffer (pH 7.4) and withheld at 37°C for 5 minutes. All admixtures were commixed with 1000 pL of
casein solution (0.3% w/v) and withheld at the same temperature for a quarter-hour. Finally, the reaction has
desisted with the annexation of 2 mL of 70% hyperchloric acid followed by a centrifugation step. The overhead layer
from each centrifuge tube was analysed at 210 nm. Standard corollaries were scanned with diclofenac [16].

Anti-Lipoxygenase appraisal

Individual trial samples (50-250 pg/mL) were mixed-up with 250 pLof each boric acid buffer (2M; pH 9) and
lipoxygenase solution (20,000 U/mL) and retained at ambient temperature. After 5 minutes, 1000 pL linoleic acid
suspension (0.6 mM) was assorted and end results were observed at the wavelength of 234 nm. Comparative vetting
was done with the equivalent concentrations of diclofenac [19].
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Computation of % inhibition and ICso value:

The % inhibitions were computed with equation 1 while ICs0 values were computed from a regression graph based
on concentration employed and % inhibition determined

Equation 1: % inhibition = [(ODcon — ODsam)/ODcon] x 100

(ODcon: Optical density of the control and ODsam: Optical density of the sample)

RESULTS AND DISCUSSION

Worldwide noticed oxidative stress was affirmed as a major fundamental cause for the induction of hyperglycemia
and intertwined complications. Scientifically it has been observed that the extreme genesis of free radicals not only
incites insulin resistance but also emphasizes the impairment in the synthesis and secretion of insulin by beta cells
[20]. A number of scientific investigations on a variety of medicinal plants reported the glucose-lowering and
antioxidative effects supported by their clinical trials in diabetic sufferers. A variety of bioactive molecules present
within the plant material are not only efficient to control hyperglycemia but also found to be efficacious against
various complications that occur due to hyperglycemia. These phytoconstituents exert their potential through the
promotion of biosynthesis and release of insulin, modulation of sugar biotransformation, and reduction of undesired
levels of cholesterol. In addition, antioxidant constituents in plant material may offer efficacy to combat excessive
oxidative stress by neutralizing and ousting the free radicals to avert cell detriment in the body [21].

Phytochemical Scrutiny:

The phytochemical makeup of both extracts signifies the existence of multifarious crucial chemical components
including nitrogenous and phenolic compounds like alkaloids, tannins and flavonoids. The Gomutra extract also
indicated positive results towards phytosterol existence.

Antioxidative inquest:

The boosting order of % inhibition was observed in the anti-DPPH scrutiny with reference to both extract and
standards illustrated in Fig.1. The inhibitory aftermath for DPPH radicals suggests that the Gomutra extract
expressed more substantial results than the aqueous extract. The potency of Gomutra extract, aqueous extract, and
ascorbic acid sequentially reflected with the ICso numerals 0f94.59, 146.61, and 1826 ug/mL. The effectual%
inhibition offered by each concentration of Gomutra extract reflected its nature as a purposive antiradical resource.
The change of the DPPH solution from violet to yellow tone may be due to the reduction of nitrogen-based radical
components in the solution is the manifestation of its antioxidative nature. The reduction propensity shown by
Gomutra extract is possibly due to the proton donating deftness of its phytochemicals [22]. The antioxidative
consequences analysed through the reducing power approach were correlated with the absorbance value of the
tested concentration (Fig.2). With the content of 250 pg/ml, a perusal of the absorbance of Gomutra extract, aqueous
extract, and ascorbic acid was sequentially noticed as 1.221, 0.754, and 1.698. The higher value of absorbance of the
sample is the inkling of its higher reducing competency. The reducing potentiality is the essential parameter of
antioxidant compounds to reduce the oxidized contents of lipid peroxidation[23]. The reducing power explicit the
strength of antioxidants for the reduction of the iron (3+) ions to iron (2+) ions through the donation of electrons, and
hence transforms the color of the solution to distinct green and blue tints[24]. The augmentation in reducing power
revealed by the Gomutra extract was noticed as more dynamic and competent than the equivalent concentration of
aqueous extract.

Antihyperglycemic inquest:

Anti-hydrolyses potentiality is the most convenient mode to evaluate the antihyperglycemic performance. The
outcomes of anti-a-amylase experimentation are illustrated in Fig. 3, reflecting the significant performance of
Gomutra extract with the ICso numeral of 100.16 pg/mL. The statistics for ICs0 value reflected the diminutive
performance of aqueous extract with a value of 132.29 ug/mL and the paramount performance of acarbose with a
value of 73.53 ug/mL. The aftermath of anti-a-glucosidase experimentation (Fig. 4) reflected the improved
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potentiality of the Gomutra extract (ICs value: 146.02 pg/mL) as compared to the aqueous extract (ICso value: 194.06
pg/mL). Acarbose reflected the supreme anti-enzymatic performance through the ICs value of 28.60 pg/mL. The
significant inhibitory presentation by Gomutra extract may become an efficient mode for curtailing elevated sugar
levels. The essential bioactive constituents like phenolic components reflected during the vetting of the
phytochemical nature of Gomutra extract may contribute towards observed performance. The different research
work communicated that phenolic moiety can generate a hydrogen bonding with hydrolyses and thus produces
interference during the breakdown of polysaccharides[25]. During hyperglycemic situations, the generation of free
radicals through the oxidation of simple sugar promotes undesired complications in the body. The significant
antiradical performance of Gomutra extract may contribute supplementary action against the development of such
complications [26].

Anti-inflammatory inquest:

The hostile rendition towards proteases and lipoxygenase is always contemplated as aforemost possibility for anti-
inflammatory aptitude. The finding of the anti-proteinase examination is given in Fig. 5. The rendition of Gomutra
extract accompanied by the ICso numeral of 360.63 ug/mL was poor as compared to aqueous extract and diclofenac
sequentially accompanied by the ICs numerals of 177.07 pg/mL and 115.99 pg/mL. Inflammatory situations are seen
with the release of proteolytic enzymes and hence antiprotein a section produces the possibility of anti-inflammatory
potentiality [27]. Earlier research studies reported the presence of urokinase in Gomutra may affect the anti-
proteinase performance of Gomutra extract[28]. Another anti-inflammatory experiment performed by anti-
lipoxygenase assay (Fig. 6), showed that Gomutra extract executed improved potentiality with the ICs0 value of
127.89 pg/mL. Diclofenac accompanied by the ICso numeral of 82.03 ug/mL was noticed as the supreme performer
while aqueous extract accompanied by the ICs numeral 0f163.34 ug/mL was found as the weak performer. The
experimented data revealed that Gomutra extract can execute anti-inflammatory potentiality through the anti-
lipoxygenase mode. Lipoxygenase has been found to play an important role in the generation of pro-inflammatory
elements from unsaturated fatty acids. In a hyperglycemic situation, the overproduction of oxidants can lead to
lipoxygenase stimulation and an increase in the inflammatory response [29]. Previous scientific data proposed that
endogenous peptides disclosed in Gomutra could express binding with these enzymes and terminate their role in the
generation of inflammatory elements [30]. In addition, the antioxidant potentiality of Gomutra extract can support
the anti-lipoxygenase activity.

CONCLUSION

The extensive results of the experiment led to the fact that the traditional assertion of medicinal plants combined
with Gomutra could create a healthful approach in the therapeutic world. In addition, the finding of important
phytochemicals in the Gomutra extract of Nishamalaki churna, which are required to link biological functions at the
molecular level, may be accountable for the results obtained.
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Table 1: Phytochemical scrutiny of Gomutra and aqueous extract of Nishamalaki churna

Phytochemicals Test Gomutra Aqueous
extract extract
Alkaloids Dragenc,lroff s Test + +
Wagner’s Test + +
Cardiac Glycosides Keller-Killani Test - -
. Ferric Chloride test + +
Flavonoids
Lead acetate Test + +
Phenolic compounds Bromine water Test + +
and Tannins Braymer’s Test + +
Saponins Foam Test - -
Phytosterols Salkox:vskl s Test +
Hesse’s Response + -
Phlobatanins HCl Test - -
Coumarins NaOH Test - -
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Fig. 1: DPPH radical scavenging assay Fig.2: Reducing Power assay
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ABSTRACT

One in three people today will develop cancer, which is currently a prevalent condition. Another cancer
type for which early identification and treatment are crucial is breast cancer. The likelihood that a patient
will receive treatment increases with the timing of breast cancer detection. To prevent breast cancer,
several types of earlier identification techniques are being researched and deployed. An initial
identification of BC can greatly enhance the prognosis and survival chances for patients by encouraging
timely therapeutic therapy. A more accurate grading of benign tumours could save people from
obtaining unnecessary medical attention. As an outcome, In-depth study has been done to distinguish
between benign and malignant conditions in people and effectively identify BC. Due to its clear benefits
in extracting crucial characteristics from problematic BC datasets, machine learning (ML) has been
established for BC pattern categorization and forecast modelling. The suggested approach involves a
three-stage process. First, Independent Component Analysis (ICA) approach is used for dimensionality
reduction of the data. Then, the outliers from the cancer dataset were found using the Unsupervised
Possibilistic Fuzzy Based Clustering methods (UPFC). Finally, use the Adaboost Support Vector Machine
(ASVM) to determine whether the cancer is malignant or benign. The breast cancer dataset utilized to
assess the impact of the recommended approach. Before and after the outliers were removed, studies
were run on a dataset of breast cancer cases. Outcomes of comparisons show that the suggested strategy
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performs better and is very accurate. The results of this breast cancer study will aid in the diagnosis of
the disease and in the treatment of patients.

Keywords : machine learning, Clustering Algorithm, Breast Cancer, Data Mining, Classification
Algorithm, Outlier Detection.

INTRODUCTION

Cancer is a critical factor in deaths for women worldwide. More people have died from it than from other illnesses
like malaria or tuberculosis. According to the International Agency for Cancer Research (IARC) and American
Cancer Society, two organisations affiliated with the World Health Organisation (WHO), there were 17.1 million new
cases of cancer globally in 2018 [1]. By 2040, the WHO predicts that there will be 27.5 million new cases of cancer and
16.3 million cancer-related deaths [1]. Breast, Lung, stomach, bowel (including anus), and prostate cancers are the
four usual malignancies in women globally. According to IARC data, 25% of all cancer cases in women globally are
breast cancer cases. 82% of the world's population, or 53% of these instances, reside in developing nations [1].
According to reports, simply 2018 will see 626,700 deaths [1]. The primary cause of cancer death across women in
poor nations is breast cancer, while lung cancer is the second usual cancer across women in industrialised nations.
Breast cancer cells have the potential to invade nearby lymph nodes or potentially harm organs like the lungs.
Invasive ductal carcinoma is a type of breast cancer that more frequently develops when milk-producing ducts
become dysfunctional. But it can also start in the breast's other cells or tissues, such as the glandular tissues known as
lobules [1]. Additionally, studies have discovered that environmental, lifestyle, and hormonal factors all raise the
chance of breast cancer [2,3].

Breast cancer survivability prediction activities are frequently categorised as 'dead’ or 'living' at a certain moment in
time. Healthcare databases frequently gather breast cancer survivorship data without any clear scientific goal [1] [2].
The efficiency of the model may be impacted by records in this type of data that do not adhere to the usual
standards. For instance, patients with stage I breast cancer who are less than 30 years old should be classified as
"alive." As a result of their deaths from other conditions, these individuals have been labelled as "dead" in the data
set. In these situations, consider the data as outliers. At the moment, data outliers frequently lead to overfitting issues
in the learning model, which introduces an excessively limited hypothesis to fit the training data well but operates
badly on unseen data [5]. Additionally, most inductive learning attempts to generalise from a set of training cases in
order to maximise classification accuracy on previously unknown situations. Therefore, the highest accuracy that
may be achieved relies on the quality of the data and if the biases of the learning algorithm that was selected were
adequate for the data [5]. Thus, the most crucial stage in performing data mining jobs is discovering outliers.

In data mining, where preprocessing the dataset is utilised to increase the accuracy of diagnosis results, outlier
detection is critical and crucial. Some of the data objects in huge databases are imperfect. Outliers are those data
points that deviate significantly from most of the data. Therefore, these data items should not be used in the regular
data mining method. Thus, detecting outliers, enhancing the quality of data objects, and producing correct data
mining results all depend on outlier detection, formerly referred to as anomaly detection. Outliers, under Hawkins'
definition, are "data objects that deviate so much from other data objects as to raise suspicions that they were
produced by a various mechanism." Thus, outliers are likely caused by reading measurement error, execution error,
etc,, yet they have nonetheless traditionally been regarded as noise. The outlier detection (OD) algorithm is utilized
in these studies to identify outliers in a dataset on breast cancer. Following outlier detection, the reduced dataset is
classified employing a decision tree classification technique as either malignant or benign cancer. Data items are
classified according to pre-established classes or groups as part of classification. while compared to prior studies, the
decision tree classification is employed to more accurately determine whether an output class is malignant or benign
while detecting a breast cancer dataset.
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RELATED WORKS

Gilliioglu [6] performed initial studies on using data mining to diagnose cancer. The purpose was to provide details
about how health specialists should use data mining in the medical field to acquire a different perspective on
decision-making processes. Kharya [7] examined studies on the detection of breast cancer utilising data mining
techniques such support vector machine classifiers, naive bayes, association rule mining, artificial neural networks,
and decision trees. The most effective classifier was discovered to be decision trees. The Weka tool was used in the
research by Poyraz [8] to analyse a Breast cancer Wisconsin dataset that was collected from UCI and connected to
breast cancer. The J48, KStar (K*), Logistic Regression, and Naive-Bayes data mining algorithms' success rates were
contrasted. With a score of 96.92%, the logistic regression approach was discovered to be the most accurate. Majali et
al. [9] suggested an approach that uses data mining systems for cancer detection and prognosis. The FP Growth
algorithm, a decision tree method, and the ID3 algorithm, an association rule mining method, were applied to the
early detection of cancer. Amutha and Savithri [10] performed research examining the use of data mining tools in
the early detection of breast cancer. Decision Trees, Support Vector Machine, IBk, Sequential Minimal Optimisation
(SMO), and Neural Networks methods were the main topics of their research. Amutha and Savithri assert that a
variety of categorization techniques can be utilised to precisely identify early cancer.

Kaur and Singh [11] performed studies regarding the use of data mining techniques in the identification of breast
cancer and featured investigation on the causes of breast cancer. Kim et al. [12] created a support vector machine
(SVM)-based new prognosis system for breast cancer recurrence. The Coxproportional hazard regression model and
the artificial neural network were contrasted with the SVM. The suggested approach for breast cancer recurrence
diagnosis using SVM (BCRSVM) demonstrated high sensitivity (0.89), positive predictive values (0.75), specificity
(0.73), and negative predictive values (0.89) in the prediction of breast cancer recurrence. AvsarAydin and Kaya
Keles [13] applied the K-Nearest Neighbour System with 10-fold cross-validation to diagnose breast cancer using a
dataset gathered from an antenna. A data mining system called KNN was discovered to produce findings with a
90.0% accuracy rate.

Many research for detecting breast cancer have been conducted on the SVM method, but few have been relied on
research on other individuals, according to prior evaluations. To predict breast cancer, Mert et al. (2015) [14]
provided a feature reduction approach with independent component analysis. It effectively classified the WDBC
characteristics using a reduced one feature (1C) and 30 features by using the k-nearest neighbour (KNN) cdlassifier. It
calculated efficiency using several matrices, and the accuracy was 91%. Afterwards, Rajaguru et al. (2019) [15]
enhanced the research by tackling the breast cancer diagnosis problem and using the KNN and decision tree (DT)
machine learning methods to categorise the WDBC variables. It discovered that KNN worked better than the DT
utilizing the conventional principal component analysis (PCA) approach [16]. The similar feature selection technique
was used by Yang and Xu et al. (2019) to obtain 96.4% accuracy using KNN [17]. The usefulness of KNN has recently
been investigated using two separate breast cancer datasets, taking into account its effectiveness by the k values and
several distance functions.It entails the three various research types: KNN without feature selection, with linear
SVM, and with features derived from Chi-squares. On both datasets with Manhattan or Canberra distance functions,
it was found that the third strategy, Chi-square-based feature selection, attained greatest accuracy [18]. Still, with the
supplied breast cancer dataset, none of the previous methods have made use of feature correlation and elimination.
This research carried out tests to categorise the characteristics of cancer, which is still a difficult problem.

PROPOSED METHODOLOGY

The suggested technique has a three stages process is shown in the figure 1. First, the image is processed using
Independent component analysis (ICA) for Dimensionality Reduction. Later the cancer dataset's outliers were found
using the Unsupervised Possibilistic Fuzzy Based Clustering (UPFC) techniques. Lastly, use the Adaboost Support
Vector Machine (ASVM) to determine whether the cancer is malignant or benign. The efficiency of the recommended
approach has been evaluated using the breast cancer dataset.
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Independent component analysis (ICA) for Dimensionality Reduction

Independent Component Analysis (ICA) is the unsupervised feature extraction technique, which has been applied
on many applications. It transforms the original data by using a transformation function. The model of the ICA is
defined as,

Y=5sX

Where, Y — Transformed data. s - Scalar matrix. X — Original data.

Here, the original data is transformed into transformation data by using tanh transformation function as a scalar
function.The non-linearity among the data will be maximized and orthogonally for each data vector is achieved
using this tanhtransformation function. Selecting the number of Independent components is one of the important
problem in ICA. The componentswhich having greater than the 0.1 of average in the newly transformed data set.

Unsupervised possibilistic fuzzy based clustering algorithms (UPFC) for outlier detection

The selection of an appropriate clustering algorithm for outlier detection is a challenging and frequently application-
specific task since it relies on a variety of factors, including the size of the data set, distribution, the degree of outliers
in the data, the shapes of the existing clusters, the amount of time available, and many others. Even while the
typicality scores from an ideal run of a possibilistic clustering algorithm can be utilised to find outlying points, since
fuzzy and possibilistic algorithms are more resistant to the noise and coincident clusters issues, they can be more
effective at detecting the outliers. As a sample of fuzzy-based possibilistic algorithms, the unsupervised fuzzy
possibilistic clustering algorithm is employed in this research [19].

Although clusters can intersect and objects may belong to more than one cluster, the hard prototype-based clustering
technique, such as K-means and its variations, imply that each item corresponds to only one cluster. In this instance,
a data point may belong to many clusters with membership degrees ranging from zero to one. Each data point is
given a fuzzy membership degree by the Fuzzy C-means (FCM) clustering algorithm [20] according to their
proximity to the cluster centres. A data point's membership degree to a cluster will be greater than its membership
degree to other clusters if it is closer to the cluster centre. The possibilistic C-means (PCM) process was developed to
reduce the sensitivity of FCM to noise and outliers [21]. But it has been found that if PCM is not initialised properly,
it can produce coincident clusters. Later, a dozen hybrid PCM and FCM variants were put up as a solution to the
issues with PCM and FCM. In particular, the fuzzy possibilistic C-means (FPCM) seeks to determine memberships
and typicalities concurrently. In order to make clusters distant from one another, an expanded version of PCM has
been developed [22]. Additionally, the coincident clusters problem with PCM, the row sum constraints problem with
FPCM, and the noise sensitivity issue with FCM have all been addressed by the possibilistic fuzzy C-means (PFCM).
The unsupervised possibilistic and fuzzy clustering (UPFC) technique was suggested by Wu et al. (2010) as an
enhancement to the possibilistic clustering algorithm (PCA). To get over FCM's noise sensitivity issue and the
coincident clusters created by PCA, UPFC combines FCM and PCA. Additionally, unlike the PCA technique, UPFC
does not call on an earlier FCM run's fuzzy membership matrix. In R? features space, UPFC minimises the distances
among c prototype vectors (v;) and n feature vectors (x) using the objective function in Eq. (1),

n c n c
B
Juprc (U, V) = Z(au{’,j+?k)d2(xk,vi)+mz D (ehtoge Bt
k=1i=1

k=1i=1

In Eq. (1), uyand ty, are the fuzzy and possibilistic membership degree of kth feature vector (x) to the ith cluster
correspondingly. The constraints specified in Equation (2) apply to the UPFC objective function.

C
Zuik=1;vk;0SuikSl;a>0;b>0;m>1;77>1

i=1
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The parameters 1 and m in the probabilistic methods are typicality and fuzziness exponents, respectively. Typically,
both are set to 2. The parameters a and b in Eq. (1)'s objective function are weighing coefficients for determining the
relative weights of typicality and fuzziness, accordingly. Typically, 1 is used for both coefficients. To minimize Jypgc,
the typicality degrees t;and the membership degrees uare recalculated in each iteration step with Egs. (3) and (4)
correspondingly.

-1

Uy = ZC: e n) T Vi, k

o\ & \der) '
j=1

b d?(xy, v;
by = exp (M) vi

B

A typicality degree is a possibilistic metric that shows how much a data point belongs to clusters, as can be
determined by the calculation in Eq. (4). The distance variance value 3 was computed using the method shown in Eq.

®- .
— 1 dZ Y ¥ — 1
=) PO Dix=2) x
k=1 k=1
The cluster centres are updated after each iteration using the formula in Eq. (6). When a specific level of convergence
is reached, the UPFC algorithm terminates.

n
L Zgﬂ(““%"‘;‘k)xk .
i = 7
Yi-1(aufi+],

Proposed Unsupervised possibilistic fuzzy based clustering algorithms (UPFC) for Outlier Detection

The recommended methods and the pseudocode are provided in Algorithm 1 for the purpose of locating outliers in
multidimensional data sets. The matrix of possibilistic membership degrees, also known as typicality degrees, is used
by this method. The results of a UPFC run are used to calculate the probability of a given event, and the results are
used to calculate the probability of a given event. The suggested methods are described in the subsections following.
The fuzzy clustering techniques identify the fuzzy membership degree of fuzzy data points to any cluster, but they
do not assess typicality in relation to the distances of the data points to the cluster centres. Consider two data points
A and B, each of which has a fuzzy membership degree of 50% to two separate clusters. The latter will be a more
uncommon data point because it is further distant from the cluster centres, let's say their distances from the cluster
centres are 2r and 5r. The typicality degrees from the fuzzy and possibilistic clustering algorithms distinguish among
the extremely atypical and less atypical members of the clusters when compared with fuzzy membership degrees.
This implies that not all fuzzy points within a cluster are equal; some are more typical than others. This suggests that
since typicality also contains a notion of dissimilarity, it differs from a mere similarity to the cluster centre. As an
outcome, the suggested methods made advantage of the UPFC algorithm's typicality outcomes.

A data point that is not a part of any cluster is classified as an outlier in the first method. Its average typicality across
all clusters must be lower than a predetermined possibilistic threshold level (a). This method determines whether a
threshold level, a user-defined potential degree for classifying a data point as an outlier is exceeded by the average
typicality of the kth feature vector (x;) to all clusters. A data point is identified as an outlying data point using the
test function in Eq. (7). The data point is regarded as extremely atypical and marked as an outlier in the data set if the
average typicality of (x;)to all clusters (c clusters) is less than « (see in Algorithm 1).
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Algorithm 1 Pseudocode for the proposed outliers detection approach.

1 Input: T, alpha, apr

2 /[Typicality degrees matrix in nxc dimension, and
developed by an

3 //unsupervised possibilistic clustering algorithm

4 // alpha, threshold possibility value for outlier testing
5 // apr, number of the approach to be used in outlier
detection

6 Output: Outliers

7 /[Outliers, vector of n length to store the flags of outliers
8 n <- count of rows of matrix T

9 c<- count of columns of matrix T

10 // If alpha is undefined, use 0.05 as the default value
11 if alpha is null then alpha = 0.05

12 Outliers <- {0} //Assign 0 to all elements of the outliers
13 fork=1tondo

14 if apr=1 then

15. sumT<-0

16 fori=1tocdo

17 sumT<- sumT + TJi, K]

18 end

19 avgT<-sumT/c

20 if avgT<=alpha then

21 Outliers[k] <- 1

22 end

23 else

24 if apr =2 then

25 is Outlier <- True

26 fori=1tocdo

27 if T[i k] >= alpha then

28 is Outlier <- False

29 end

30 end

31 if is Outlier = True then

32 Outliers[k] <- 1

33 end

34 end

35 end

36 end

37 return Outliers

In this strategy, it's vital to pick the right a value. Tests on various experimental data sets revealed that a threshold
level of 1% (a = 0.01) might be adequate to identify outliers in the outcomes of UPFC runs; thus, it is advised to use

this level as the default value for approaches on large data sets.

is.outlier (x;) = 1 if(

Zc:tik/c) <a

i=1

0 otherwise
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Adaboost Support Vector Machine (ASVM) algorithm for classification

Generally, the Adaboost algorithm is used in the framework to initialize the training sample weight. The weight of
each training sample builds a new decision tree with all features. Also, it is used to boost the performance of
accuracy, classification, and regression. Moreover, the use of Adaboost in SVM is attaining better performance in
SVM classification problems. It is mainly focused on the incorrect classification of trained samples and identifies the
weak classifier using the weight of the samples. Initially collect the training sample (hz ) which is stored in the cloud

database using Eqn. (1).
h, ={(a,b).....(ai,bi)} o

Where, (a,b) is denoted as the trained samples and.(ai ,bi ) is called as the number of turns in a single iteration.

Then modify the weight of the training samples (VV, ) using eqn. (2)

1
W, ==

t .
! Fori=l...n ()
Leti is denoted as the training sample value and 7 is considered as cloud database parameters. The initialization of
weight is used to identify the week learning classification in SVM also calculate the training errors present in the

training samples. Thus the calculation of training error (T8) is obtained using Eqn. (3)

i=l
T, =YW, (ai,bi)# h,(ai)
N ©)
Furthermore, update the weight of the training sample (VV,I+1 ) in the developed framework using Eqn. (4)

Wi w, exp(bl. xot xh, (ai))
t+1 T K, (4)

Let, K, is denoted as normalized constant, ¢tf is considered as weight of trained sample and bi is considered as

binary classification. Based on the weight of all trained samples identify the distribution of the best 